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INTRODUCTION

This thesis originated from three ysars of_perswnal
involvemant in the clinical assessment of a new radiow
isctope (iodine~125) therapy for thyrotoxicosis, 1 was
attracted to this study by Dr. W.R.Greig who initiated

this therapeutic approach in 1968,

The someuwhat heterogeneous nature of the thesis reflects
the varied problems that arise in the treatment of
thyrotoxic patients. Particular problems dealt with iﬁ
this thesis include the difficulties involved in assessing
such patients alter therapy, whether further therapy is
required, whether and what adjuvant drug therapy to radio-
iodine should be used, and what is the optimum mode of

using radio-icdine therapy.

In my opinion, the aspects of this thesis which make
an original contribution to the therapy of thyrotoxicosis

includes

1. The results of the Trial of iodine-125 therapy
which show conclusively that iodine-125 is notl
the answer to the problem of post-radiociodine

hypothyroidism,

2. The validation of the TRH-thyrotoxic rat model
as a chosen analogue to the human thyrotoxic

gland rather than geitrogen-induced hyperplasia.

3. Systolic time intervals and zinc metabolism
studies in thyroid disease which offer an
objective measure of assessment of a patient's
cardiac and metabolic response to hyper- or
hypothyroidism and may permit detection of

tat risk" patients(requiring urgent therapy)
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and assist in deciding whether (further)} therapy

is required.

The laboratory study of beta-adrenoreceptor blocking
drugs which contributesto the clarification of the

action of such drugs and supports my critique of the
current role of sueh drugs in the therapy of

hyperthyroidism.

The demonstration of abnormalities of lipid
metabalism in "compensated euthyroidism'®, subclinical
hypothyreidism and frank hypothyroidism that
underlines the inadequacy of a purely clinical
assessment of pgstmradioiodine patients; emphasises
the need for full hormonal assessment and supports

my tentative conclusion that the current usage of

iodine-131 to produce a euthyroid state 1s insufficient

and potentially dangerous to certain patients.

The techniques adopted in this study includes

Measurement of thyroid hormone levels in serum. These
assays were performed by the staff of the Regional
Radio-immunoassay Centre and the resulting data was
marshalled by myself and presented in this thesis.
1 did nnt participate in the actusl laboratory
measurements though I did subsequently spend a
period at the Centre to learn something about the

techniques involved.

Tissue culture techniques. 1 stugied and refined
the technigues in a tissue culture laboratory over

a one year period and performed the experiments

2



described here in their entirety. This involved
a meticulous aseptic technigque, use of a Coulter
counter and cell sizing apparstus, microscopy and

the handiing and counting of radic-isotopes.

3. Systolic time interval measurement. This was
a collaborative study performed with Dr.W.5,Hillis
who made the measurement in the study of hypa~,
hyper-, and euthyroid groups without prior knowledge
of their thyroid status. I performed the
sequential systolic time interval meassurements
in patients with "compensated eulhyrcidism® and

WT.3 toxicosist.

4, lL.aboratory studies of lipid metabolism involved
ultracentrifugal separation of plasma lipoprotein
fractions, cholesterol and triglyceride assays
and spectrophotometric assay of the light-scattering
index of sera in the Intralipid Tolerance Test,

1 performed these studies in their entirety,

5. Autoradiography and staining of thyrcid sections.
These preparations were done by Dr.S5.Kennedy,
Consultant pPathologist. 1 was responsible for the
administration of isotopes and TRH Lo the rats
studied, for the dissection of the thyroid, tissue
preparation and preservation, and for blood sampling

by cardiac puncture.

This thesis crosses the boundary bBetween the two specialties

of endocrinoleogy and cardiclogy and, in my opiniong is the

3



richer for this as the two specialties have deepened and
widened my understanding of the precblems of thyroid

disease.

This thesis is the result of three years of intense
study, of clinical and of laboratory work, that have led
to the mastering of new techniques and to a modest
contribution or two to the current understanding of

thyroid disease.

In my opinicn, the work described in this thesie and
the techniques acquired in the process of completing
these studies, satisfy the reguirements laid down
in the University regulations for the degree of doctor

of philoscophy.
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SUNIARY,

This thesis fells logicslly into © sections.

SECTION A outlines the present understanding of the

tetiology of thyrotoxicosis and discusses presently available
tests of thyroid function regarding their relevance to the
Trial of Tedine-125 therapv. This is important as accuracy
of assessment of thyroid stetus has markedly improved since
the inception of the Trial in 1968. The currently available
treatments for thyrotoxicosis are discussed with psrticular
attention paid to their drawbecks. The problem of post-

therapy hypothyroidism is ocmphasised.

SECTICN B outlines the experimental and theoretical basis

for the iodine-12Z5 trial and describes, in detail, the design

and results of the trial in %60 patiencts.

Reasons for the failure of this isotope to reduce the
incidence of post-therapy hypolhyroidism are discussed and
further experimental evidence {from the author) is adduced,
The validation of a TRHM-induced thyrotoxicosis model in the

+

rat as an approach to the human condition is described,

SECTION C describes experimental tissue culture studies
of fgwadrenoreceptor blocking drugs which have rapidly
attained the stztus of a major adjuvant therapy in treating

thyrotoxicosise.

SECTLON D This section discusses the necd for a tazst or
tests of body response tc thyroid hyper-or hypofunction

and describes a new test of thyreid status; systolic time

interval measurements. Zinc losses in hyperthyroidism are

18



described and the potential value of such measurements

discusscd.

SECTIUN E  concentrates on the cardiac complicetion of
hypo= and byperthyroidism with investigations of lipid
abnormalities in hypothyroid patients and electronmicroscopic

studies of hyperthyroid rat hearts.
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SECTION A

INTRODUCT IO

Thyrotoxicosis as a recognisable entity first appears
in the literature in the writings of Parry as recently as
1B825. Graves subsequently related the ocular complications
to the disease (1835) and von Basedow made further
contributions to defining the diseass entity in 1840. The
absence of any mention of the disease Frﬁm literature prior
ta 1825 has fostered the belief that thyrotoxicasis is a
modern disease but this is pure speculation. Ce;tainly,
that most obvious of thyroid disorders, diffuse goitre, was
described circa 1215 by Marco Polc in his travels in

Yarkand (306).

Thyratoxicosis (or hyperthyroidism) is due Lo excessive
secretion of thyroid hormones (thyroxine and/or tri
iodothyronine) with a sustained rise in plasma levels.

With this excessive output, the unoccupi=d binding sites an
the thyroid hormone-carrying proteins of plasma decrease

in number, and the free or unbound hormoneg fractions

increase, with consequent over-stimulation of tissues
responsive to thyroid hormones. In many aspects; the disease
is simulated by thyrotoxicosis factitiae (excessive ingestion

of thyroid hormone).

Graves! disease is characterised by a ciffusely enlarged
overactive thyroid gland with an onset usually in younger
aduits (20 -~ 40 years), frequently with co-sxisting ccular
and skin pathologys whereas toxic nodular goitre presents

as an unevenly enlarged, overactive, nodular gland in older

X,
¥
3
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patients, with less prominent ocular and skin involvement.
Whether these conditicns are distinct entities or an age-
dependant. variation of the same disorder is disputed. For
the purposes of the iodine-125 trial no distinction uwas
made between these conditions, all such patients being

regarded as "thyrotoxic® for the purposes of the Trial,

Toxic adenoma is a term used to distinguish a single
hyperactive nodule from the commeoner diffusely overactive
or multinodular glands. Patients with thyrotoxicaosis due
to this cause are uncommon (.« 59 of patients with

thyrotoxicoesis) and were not included in the Trial.
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PART 1

st

AETIOLOGY OF THYROTOXICOSIS

"what song the Syrens sang, or what
name Achilles assumed when he hid
himself among women, though puzzling
questions, are not beyond all

conjecture HYDRIGTAPHIAR V.

There arc many pointers to suggest that thyrotoxicozis has
an immunological basis. At the clinical level,there is the
association of thyrotoxicosis with recognised auvto-immune
disorders (2, 7, 67, 159, 160, 2868-29)) and the occasionasl
finding of lymphoid and thymic hyperplasia. Hashimoto's
thyroiditis occurs freguently in relatives of thyrotoxic
patients and occasionally in the same patient (70,260,

26}, 291). The presence of thyroid antibodies and the
discovery of thyroid stimulating immunoglobulins in thyrotoxic
sera (2, 69, 153, 211) coupled with abnormalities of cellular
immunity (as evidenced by the lymphocyte migratien irhibition
test (291) and by in vitro stimulation of thyroid cells by
lymphocytes from thyrotoxic patients(73))led to the hypothesis
proposed by volpé et al. (291) and shown diagramatically
opposite. According to Volpg's theory, "forbidden" clones

of lymphocytes arise through a defect in immunological
surveillance and act directly on thyroid follicle cells
(cellular immunity) prodwcing thyrotoxicosais. They also
stimulate “bursa dependent" lymphocytes capable of directly
alfecting follicle cells, through the anaphylactic reaction
pathway by way of Igk, or by secretion of thyroid-stimulating

immunoglaobulinse.

D
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One major drawback to this concept is the lack of conclusive
evidence for this hypothesis but it serves as a useful

working hypothesis,

Studies by Kriss (153) have linked opthalmopathy to
Fn?mation of thyroid antigen-antibody complexes on extra-
ocular wuscle membrane; the complexes arising by way of the
lymph transfer that has been shown to occur from thyroid to
orbital tissusgs.

Such idcas have besn a major influence upon the authorts approach
to thyrotoxicosis.

PART 2. TESTS OF THYRQID FUNCTION

(only tests relevant to the Trial are discussed)

In the absence of simple tests of secretion rates of thyroid
ormones, reliance is placed on measurements of plasma hormone
tevels and of gland avidity for iocdine (114). The use of the

TRH test is s recent and useful innovation.

1) Protein~bound Jodine (PBI-127)

This is an automated, chemically determined assay
which was the only routinely availahble measure of plasma
thyroxine level at the commencement of the Trial. The
normal range is 315-630 nmol/L. If circulating iodo-
proteins are present in excessive amounts (as in
Hashimoto's thyroiditis, or immediately following
radio~iodin; therapy), the butanol-extractable iodine
is a more reliable measurs of circulating hormone levels.
Misleadinoly high values for the PBI-127 occur if the
patient has ingested organic iodine compounds(especially
radiographic media. ) False valuss alsc arise if a
sample containing an excessively high PBI-127 is

processed before the patientts serum as inter-sample

contamination occurs in these circumstances. Studies

24



2)

of the extent of cryptic icdine contaminetion(l) have
shoun this to be a considerable problem (== 204 among
hospital out-patients(214)), mitigating against the

value of PRI-127 as a reliable test of thyroid status.

For t his reason, routine assay of serum thyroxine

was adopled in 1972 as thu best test of thyroid status.

Thyroxine assay

Serum thyroxine, or T is assayed by non~chemical

49
protein-binding techniques and the assay is readily
available as a standard pack (Thyopac~4, Radicchemical

Centre, Amersham). The normal range for the Glasuow

area is 55~144 nmol/L.

This assay is unaffected by iodine contamination
and is valid if the binding capacity of the carrier
proteins is normal. pronounced elevations of thyroid-
binding globulins may occur in pregnancy or with
inguestion of oestrogens while decreases occur in
patients on steroid therapy or with nephrotic syndrome.
These alterations may be detccted by measuring the
unoccupied sites on thyroid hormone binding proteins

by means of labelled T This measure is routinely

30

available as the Thyopac-3 (Radioamersham).,

The ratioe Thyopac—d/ThyopaCmS % 100 is the Fres
Thyroxine Index and gives a measure that is proportional
to the free thyroxine concentration as measured by
equilibrium dialysis or gel filtration. This measure
is less subject to distorticn by iodine contamination

or alteretions in carrier proteins,



4)

5)

6)

Tri-iodothyronine assay

This radio~immunoassay method gives a measure of
total circulating T3 in serum and became available in
the Glasgow region in late 1973, It is of prime value
in detecting patients with "Tgwtoxicosis" (where serum
thyroxine and PBI-127 measurements ars normal), Use of
this assay permitted characterisation of a group of
patients with biochemical T3 toxicosis following
iodine-125 therapy. The clinicel course of lhese
patients is described later. The normal range for T3

levels is 0.8 « 2.2 nmol/L.
To allow continuity in patient assessment over the
7 years of the Trial, T. assays were not used in
)
reaching a decision regarding further therapy,; reliance

being placed on thyroxine assayse.

Thyroid-stimulatinag hormone (TSH)assay

This radio-immunuassay became available in 1971 and

permitted detection of patients with biochemical

'compensated euthyroidism". (T4 in normal range but

elevated TSH).  The normal range is O to 8 mu/L. This
test was not used in assessing patients as hypothyroid

to allow continuity of assessment.

IRH Test

The measurement of the plasma TSH increment after
200 pige. of intravenously administered thyrotropin-
releasing hormone is of value in distinguishing primary
from secondary hypothyroidism. The lack of response
may be used to confirm hyperthyroidism Lhough euthyroid

relatives of patienls with Graves' disease and patients

26



euthyrouid after treztment for (Graved? disease may
show no response (49). This test was used to

characterise patients with “compensated euthyroidism®,

7) Thyroid agland uptake of radio-iodine

‘The 24 hour uptoke of 8 tracer dose of iodine-1l31
of fers a measure of gland zvidity for iodine. 1In
conjunction with an elevated PBI-127, an uptake in
the thyrotoxic range (7 50%) wes used to confirm Lhe
clinical diagnosis of thyrotoxicosis in patients
entering the Trial. This preocedure was continued
to include all 360 pstients in the Trial. Routine
scintiscans using initially iodine-131 but, more
recently, technetium-.G9, were performed to exclude

patients with solitary hyperfunctioning nadules.,

PART 3

THERARPTIES AUNTLABLE FGR THYROTOXICOSIS,

le NON-INTERVENTION

From a study of hespital records from around 1900 to 1940
‘when no therapy was available, Wilson (217) deduced that
twe thirds of thyrotoxic patients failed to recover with,
perhaps, up Lo one hall of these dying§ the remainder
eventually became euthyrold. Thisy howesver, was in the
days when the only diagnosis was clinicalj consequently
milcer cases may have escaped attention and the mortality
estimation may be excessive. Nevertheless, the morbidity
and mortality is swch that therapy is indicated. fAlso,

a proportion of patients becoming spontanecusly euthyroid
eventually become hypothyroid (1l4), possibly due to the

presence of Hashimoto's Thyroditis (109, 186, 317).



2o IMMUNOSUPPRESSIVE THERARY

since thyrotoxicosis (exciuding texic solitary adanoma)
may be an auvtoimmune disourder, the use cf immungsuppressive
therapy iz theoretically attraclive. The results are
difficult to evaluate as the disorder is of variable
severify° Large doses of Prednisone were given to 5 patients
by werner et al. (305) with induction of a remission in all,
permanent in 2. Steroids, howaver, hzve multiple actions
and may affect the hypothalmo-pituitary axis directly (309),
The main contra~indications to steroid Ltherapy are the
frequency and severity of side effects. (Other forms of
immunosuppression are subject to the severe limitaticns of

toxic side effects.

The thres modes of therapy in current use are all
directed against the thyroid gland rather than the basic

pathology.

3. SURGERY

Prior to the advent of antithyroid drug therany ang
radio-iodine therapy, surgery was the only effective therapy.
'mith modern anaesthesia and pre-operative control of thyruoid
overactivity, surgery is less heroic and much safer. However,
there is still a significant morbidity and mortality attendant
upon thyroidectomy. Alsoc, the widesprezd use of radio-
iodine and drug therapy has resulted in a marked decline
in the number of patients being referred for surgery with
potentially deleterious effects on the standards of thyroid
surgery. "The occasional thyroidectomiet¥ has teen soundly

condemned (162).



The results of the surgical approach are perheps typified
by the report of Green and Wilson (107), They reported a
rate of 877 for euthyroidism, 5 for hypothyroidism, and
897 for persistence or recurrence of thyrotoxicosis, Subseguent
experience from the samegroup demonstrated an inverse
corrslation between the incidence of hypothyroidism and
recurrence, and extent of the thyroidectemy, with a
combined morbidity of some 30% four yesars post-operatively.
Mcheill and Thomson (191) reviewed 123 patients who underwent
thyroidectumy more than 5 years earlier and found 81¥%
euvthyroid, 127 toxic and 7¢ hypothyroid. In contrast, a
review of 146 patients at a mean period of 9 years post-
thyroidectomy by Hedley et al. (133) found 36: hypothyroid.
Cther reports(ll4, 195) are in keeping with the last report.
The overall incidence of hypothyroidism post-thyroidectomy

appears to reach 357 to 497,

The lower incidences are based on retrospective studies
which tend to be incomplete and lack the more recent hormonal

assays necessary for accurate assessment.

The risk of hypothyroidism has been correlated with the
‘extent of the thyroidectomy, the presence of thyroid
autoantibodies in the circulation and the extenlt of plasma
cell infiltration and number of lymphoid follicles with

germinal centres at operation (36, 105).

The various studies of thyroidectomised patients suggest
the incidence of hypothyroidism mainly reflects the amount
of thyroid tissue resected while, in patients with an
active immune process in progress damaging thyroid tissue,

the auvtoimmune process may be contributorye.



The other drawbacks Lo surgery relate mainly tao the
risks aof anaesthesia and operation. The mortality rate
is low but probably around 0.2% (191). The major
complications include laryngeal palsy (U.6% if nerve
identified at operation, 2% if not (235)), phonation
disturbances, parathyroid insufficiency, bad cosmetic
result, as well as the risks of haemorrhzge, enbolism
and atelectasis wonsequent upon any operation under

anaesthetic (191, 235).

The present indications for surgery are probably limited
to patients with pressure symptoms, young women wanting
to start a family, patients who relapse after an adeguate
period of drug therapy and who are under 40 years of age,
and perhaps to patients who intend to work as missionaries
ete. far from any follow-up centre (114). This last
indication is open to argument in the light of the high

incidence of post-operative hypothyroidism noted above.

Repeat thyroidectomy is contra-indiceted as there is a
tiigh risk of recurrent laryngeal nerve palsy and of

recurrence of thyrotoxicosis (189).

Treatment of older patients with icdine~l31 has improved
the peri-operative surgical morbidity figures by removing

many at risk patients from the surgical lists.

4. ANTITHYROID DRUGS

Antithyroid drugs, such as carbimazole and propylthiouracil,
are usually efficaciocus in controlling thyrotoxicosis: the

exceptions are the occasional very resistant petient and



patients with large qoitres wherc .uch large doses are
raquired that toxic side effects supervene, - Drugs are

the treatmant of choice in young mildly toxic patients with
small goitres, and in such patients where rapid centroel is
essential. Therapy is efficlent, safe; and carries none
of the potential rcisks of damage to adjacent structures

incurred by surgery.

The main drauwback to drug theraspy is the high relapse
rate which after a cbursu of one to two years is at
least 504, By 10 years at least two-thirds of patients
have relapsed wuhich is close to the spontanecus remission
rate., Wilson suggests that sntithyroid drugs control gland
overactivity until normal thyroid furction recurs
spontanaously (217). It would appear that antithyrold
medication does not influence the basic course and pathoéenesis
of the thyrotoxic process. Beck, however, claims that
carbimazole acts not only on thyroid gland organification
but also on the thymus gland directly, influencing thymic
lymphocytes (parsonal communication based on thymic biopsy

studies in patients undergoing thyroidectomy).

problems with drug therapy relats to the cifficulty of
predicting which patients will have a remission and to

the optimum duration of therapy. At the clinical level,

rapid initiel control of symptoms and reduction in goitre

size are rounh pointers to a favourable outcome, with

delayed centrol or increasing goitre size (despite cutting

of f TSH stimulation by concomitant T4 thyroxine administration)
mitigating ayainst a remission, Alexander et al (34) have

used the T, suppression test to predict which patients are in
J



remission while on drug therapy on the basis Lhel patients
who do suppress are more likely to respond to drug therapy
with a prolonged remission. This approsch is not generally
accepted despite its initial promise ~ for example, while
Harden (1289) found the presence of LATS to correlate with
non=suppressibility, Sellers et al. (254) did not. Ppaticnts
have had recurrences after suppression has become normal (126)
and some authorities feel the test to have little practical
value (121}, Also relapse may be obscured by on iodinge

deficiency stete induced by antithyroid drugs (128).

S5ide effects of drug therapy, apart from relapse or
failure to induce a remission, include a maculo-papular rash
and occasional granulocytopsenia or frank acranuloecytosis.
Another risk affects the pregnant patient where placental
pessage of drug may induce a foetal goitre with dystecia

at delivery or frank hypothyroidism,

Relapse after a second course of antithyroid drugs is very

CoOMmmon.

’ 5 Radiaticn Therapy

The use cof external irradiation of the thyroid has gained
little support because of the very real risk of postecricoid and
nasopharyngeal carcinoma (114). This was reinforcad by findings
of up to 307 incidence of nedules and 3% of cercinoma in children
given reciation therapy for enlarged thymus or tuberculous
glands (134}. A proposal for combinaticn therapy with x-rays
and iodine~131 was put forward and applied by Trotter and
Willoughby but, for the above reasons, has not found gensral

accepltance (277). Children's thyroid are particulerly



susceptible to neoplastic change induced by radicztion.

The thyroid vells tresl radioactive iodineg as rormal iodine
and concentrate it in the gland colloid:; conseguently isotopos
of icdine can be used to doestroy thyroid tissue with minimal
irradiation of contiguous structures. 1n January 1941, the
first tnyrotoxic patient was treated with an isctope of iodine-127
(icdine~130, half life 12.5 hours) and two prelivninzry reports
on this therapcutic approach appeared in 1942 (127,136).
Todine~131 with its longer half-life (6 days) superseded iodine-~130
and by 1960 wes the therapy of choice for the majority of

thyrotoxic pstients.

Advantares of Todine~]31 Thurapy

The characteristics of this form of theracy that maks it the
most frequently adopted treatment are its easc of edministration -
it is taken orally and takes only a fow minutes on an outepaticnt
basis « it is inexpensive and it eventually always controls the
thyrotoxicosis (115). There is, moreover, only very rarely

overt evidence of serious extrs-thyrovidal damage.

The aim of iodine-131 therapy is the maximum possible cure rate
with one theraspy dose. 60 per cent of patients respond to one
therapy of zverage size (22,28,218) with some two-thirds of
resistant patients responding to each subseguant therapy dose.

3 months minimum have to elapse between doses: if this delay is
extended to 6 months, a further 15 per c=snt of patients became
euthyroid without further therapy (46). Conventional doses of
jiodine~131 lesve 50 per cent of petients thyrotoxic 3 months later
and a minority require freguent thorapies or, in the rare very

resistant patient, macssive thsrapy dosese.

&
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Disadvantages of Todine-l3l Therapy

lo

N
-

CARLY COMPLICATICNS,

(a} Radiation Thyroiditis,

This cccurs in a mineority of pztients, may cause
localised discomfort and gland swelling, but subsides
spontanecusly(46). This paotential complication,
hiowever, excludes paticnts with pressure symptome from

radio~iodine therapy.
(b)  Exacerbation of thyrotoxicosis and thyrold crisis.

Exacerbation of thyrotoxicosis occurs in most reported
sories of lil-treated patients but thyroid crisis has
been reported infrequently (158,204,7209,246,255,287)
and has been absent from some large series (44). Thyro-
cardiacs osre at risk of deterioraticn or desth if they
suffer an exacerbation of their hyperthyroidism and
should be treated with entithyreid drugs prior to or

as a 'holding measure”" sfter iodine-131 therapy.

(c)

Radiation Sislitis.

This may be painful but is uncommon at the levels
of dosage used to treat thyrotoxicosis, being more
common with cancericidal doses (102). The parotid
jie mest commonly sffected because of its high saliva :
serum iodine ratio (34, 41}. This complicaticn usvally

subisides spontaneously.
LATE COMPLICATIONS.

(a) Neoplastic change.
1. THYROID.

Fpidemiclogical surveys have demonstrated an increased

QA



incidence of thyrcidal carcinoma in children fellowing
external redistion (52,134). Usinyg three data sources,
Hempelinann cerived a linear reletionship betwesen the
incidence of thyrold nodules 2nd estimated cumulative
radiation dese to the thyroid (134). fAn association
between external irradietion and thyroid necplasis has

also been found in adulte (103,313,318). Further
epidemiologicel evidence relating thyreid irrediation to
thyroid carcinums comes from the increased incidence of
thyroid carcinama and benign nodules found among atomic

bomb survivers in Hiroshime and Nagasaki (141) and amrong

the farshallesc islanders sccidentally exposed to nuclear
test fallout (51,52). In the latter group of 67 islanders,
four casex of thyroid carcinume and 16 benign nodules were
found. These people received an estimated exposure of

160 Rads from several iodine isotopes (1131, ~132w133,~i35)

and 175 Rads from gamina rays.

Some of the cleims relating to the effects of low
levels of radiation of thyroid can be disputed as control
populations are often lacking. The frequency of thyroid
nodules may seem unduly high because they may g0 unnoticed
in normal populztions unless escecifically scucht. A study
of children exposed to fallout in America with control
groups found no significant difference in benign nodules
nor carcinoma (228) and noted an unexpectedly high
incidence of unsuspected thyrcid disezse in the control

Qroups.

1t is still a matter for argument whether iodine-131
therapy for thyrotoxicesis results in trnyroid neoplasia.

studies using rats have shown that iodine~l13l can produce

35



thyroid neoplacms particolarly in glands rendered

fiyprrplastic with o goitous challenge (67,101).

lodine~13%1 Lhcerespy hes been agministered to
sbme children; particulsrely in the Uniled States,
‘and occasional reports of neoplasm have limited its
use to older patients, either over 25 yeers of age
(some Clinics in the U.S.A.) or aver 40 yezrs (more

generally) (134,141,

An extensive survey by the Cooperative Thyrotexicecsis
Therapy Follow-Up Study (63) offers the most definitive
statement on the possible sssociastiocn between iodine-l3l

therapy and induction of neoplasic.

A 88% follow-up of 36,050 patients treated by icdine-l31,
thyroidectomy,; antithyroid drugs, x-roys or a combination
of these therapies betwsen 1546 end 1968, has been
achisved. 86 malignant nsoplasms of thyroid were found,
9 occurring in 21,714 petients trested with iodine-131
within one year of therapy and 19 occurring onz ysar or
more efter iodine-131 therapy. 50 malignent lesions
were found within one year after therepy in 11,732
patients undergoing thyroidectcemy, with 4 further lesions
occurring one year or more after thyroidectomy. If it is
accepted that the malignant lesions in patients treczted
by thyroidectomy are incidentsl, then the risk of
mzlignzncy from iodine=131 therapy is not significant.
The averace follou-up time fer paltients treated with
iodine~13i was B years which compares with 121 years
for patients treated with thyroidectomy. It must be
remembered that the latent interval between irradiation

and the detection of carcinoma of thyroid is long -
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Raventos and Winship (232) suggested a mean interval of
10,9 years, while polphin (GS) calculated the mean

latent periocd to be 20 yeors miniwmum. In the Marshallese
.islanders, the first nodule wzs not found until S yesrs
athr exposur: and the first carcinoma not until the

1lth year,

0f 438 patients who were given xeray therapy, 2 were
subseqguently fuund to have malignant lesions and 19

benign adenomoas.

Few conclusions cculd be drawn as to frecuency of
benign adenomas in patients treated with icdine-131 or
thyroidectomy due to bias in selectien for therapy in

the light of the presence of nodular lesions.

A statisticelly significent incressed incidence of
adenomnata was found in patients under 20 years treated
with iodine-l131 and it 1s suggesteo that young adults
treated with iodine-131 for thyrotoxicesis without

causing hypotinyroidism are more susceptible to the

development aof adenomata than vlder adults. The diagram

(Fige2) opposite relates the occurrence of neoplssia to

age at time of tnerapy. The incidence of malignancy was
not statictically significant vis 3 vis mode of therapy

but total numbers of patients under 20 years of age

were small.

Study of the appearance of malignancy in relation to
time since therapy demonstrated that, for iodine-131
treated patients, the number of malignant neoplasms
found per year is approximately proportional to the

nuaber of patients at risk up to the 10th year. The
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latent period for appencrance of malignant neoplasm
is thought to be several years snd so Lhe majority
of these tumours were probably present at the time
of therapy. After the 10U year, no new malignant
lesions were discovered in the iodine~13l«treated
group even with 22,700 paticnt-yeers at risk after
the ldth year. 1953 lodine-l3l-treated patients
have been foullowed for 15 years and 115 for 20 years.
This data suggests the development of lesions with
time that occurred and is still occurring in the
Marshallese islanders ic not developing in patients
treated with radio-iodine. The figure (Fig.3)
opposite relstes occurrence of neoplasm to time

following raodio~iodine therapy and thyroidectomy.

1t may be concluded, wilh the proviso that a
longer period of follow~up is desirable,that
iodine-131 therapy carries little increassed risk of

thyroid neoplasia.

LEUKAEMIA.

Radiation increzses the incidence of leukzemia

as evidenced by the freguency in survivors of atomic
bomb explosions (31), in patients trested for ankylosing
spondylitis with x-rays (53) and in children of mothers
who had diagnostic x-rays during pregnancy (270). it
is calculated thzt 1l mCi of iodine-131 irradiates blood
and marrow by 1.7‘Rads, so0 that a thyrotoxic patient
receiving an averzge theraoy dose receives between 10

and 20 Rads to the marrow (106).
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A personal communicetion from professor Dobyns
informs me that one of the Marshallese islasnders who
was operated on for thyroid cancer has subsequently
developed and died of leukaemia, A further islander
has developed an as yet incompletely characterised

haemetolagical nooplasm.

N revort from the Cooperative Therapy Follow-lp
Study found no significant difference in leukaemia
incidence between pstients trested with iodine-131
and with thyroidectomy though the age-corrected
incidence in all patients was 50 per cent above the
expected average for the genoral population (249).
However, this tends to confirm the findings of several
earlier studies thet radio-iodine therapy does not

increese the risk of leukaemogenesis (181,226,304).

3. CHROMUSOMAL ABMNORMALITIES.

Chromosomal abnormalities have been demonstrated
following iodine-131 therapy. They are most obvicus
following massive doses for thyroid carcinoma (28,208).
Gross, readily detectable abnormalities are not
apparently a prodromal phase of leukaemia. subtler
abnormalities produced by small therapy doses may be

more significant than those produced by cancericidal doses.

4. DAMAGE TO EXTRATHYROIDAL TISSUES.

. ~ D . . : -
The maximum range D|/3 rays esmitted by icdine-131
is 200G microns making hypoperathyroidism unlikely
unless &ll the parathyruid glands are intra-~thyroidal.

Several coses have been recorded (27,76,94,150,273,275)



and none of these patients received an sxcessive
dose and none was hypolhyroid when hypocalcaemic.
A propartiocn of patients when stressed with E.D.T.A.

manifect a degree of parathyroid insufficiency (16).

_The risk of hypoparathyroidism is therefore present,
but small, The potenlial hazards of subclinical

hypoparathyroidism are unknown.

5. FERTILITY AND RISKS TO THE FOETUS.

(a) Thyrotoxicosis decreases libido and fertilifys

cure in femsle patients is often fellowed by pregnancy.
There is evidence of amenorrhoes aftsr cancericidal
therapy doses of iodine-131 but not after the amounts
used to treat thyrotoxicosis: the amenorrhoea meay

have been due to high uptake of neighbouring metazteses
though testicular atrophy has been reported after 5863 mCi

(165).

(b) Foetal hypothyroidism is rare when radio-icdine
has been given in error to pregnsnt women, probably
because the maternal thyroid soaks up most of the radio-
iodines at least 6 cases of foetal hypothyrcidism have
been recorded (89,126,220,233,247). Radio-iodine is

contra-indicated during oregnancy.

(c) There is 2 risk of genetié damace to children

born toc mothers after radio-iodine therapy. The doubling
dose {the Rad dose that eventually doubles the number

of gene mutations) is estimated to be between 15 and

30 Rads (169). The number and type of abnormalities

in children born te icdine-l13l-treated mothers does not

differ from the gororal populaticn (46).
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."3-4, follow up patie?ltﬁ

) new patients

YEARS

Tig. §,  Cumulative clinical load after radioiodine
treatment of hyperthyroidism., Although the number
of new patients treaired each year may remain
constant (open.circles), the number of patients at

"at risk' of developing hypothyroidism accumulates
and becomes payrt of the clinical load of a follow up
programme (shaded circles).

(From Hedley AJ; The use of a computer in patient
follow-up in Scotland. Scott Med J 15:395-399, 1970,

By permission of E, & 8, Livingstone.)
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HYPOTHYROIDISM FOLLOWING IODINE-131 THERAPRY.

ITodine-131 exerts its effect by destroying thyroid follicular

calls end from the earliest days of its use, it was expected
that a proportion of paticnts would be rendered hypothyroid.
This was soon confirmed with seversl reports supgesting an

incidence of perhaps 109 (15,246,257,264,294).

Much more disguieting was the gradual awerencss that
euthyroid patients were at risk of eventually becoming
hypothyroid{33,72,107,110,121,185,209) and a Fiurry of
reports from the mid-1960's demonstrated a cumulative
incidence of post~therapy hypothyroidism, resching 707
10 years post-therapy in two regorts (19,203) with no
evidence of 2 levelling-off in the annusl sccrual rete.
The figures opposite(Figs 4,5) illustrete the problems
the number of patients at risk is cumulative and procuces
a massive clinical-load in terms of follow-up.

The use of small doses of iodine~131l merely delays the

onset of hypothyroidism and at the cost of a prolonged

period of toxicosis (45,177).

Several trials of low dosege schedules with concurrent

use of inorganic iodine (120), antithyroid drugs (182), or

beta-adrenorecentor blocking drucs {118,171) have failed to

reduce the climbing incidence of hypothyroidisme.
Hypothyroidism, after radio-iodins ther-py; is frequently

of insidious onset and patients may not perceive its onset.

Delay in disgnosis is zerious becausz of the dangers of

accelerated atherosclerosis, cerdiac failure, coma and death

(224,225,245). This makes routine follow-up essential.

The size of the problem has led to computerisation of lTollow-

Al

up (22.1.) °



The Cause of Post-Todine~l31 Hypobhyroidism.

The therapeutic effect of iodine-13L is exerted by its/g ray
emission which is absorbed over a path length of 400 to 2000
microns. The 3" emission is largely urabsorbed by the thyroid.
Theﬁ% wave path length is sufficient to irradiate follicle cell
cytoplasm, cell nucleus and vascular stroma. Hypothyroidismn
is considered to result primarily from nuclear irradiation with
damage to the cellfs divisional integrity and subsequent cell
death (61,62,109). Vascular damage is thought to be of only
minor significance in the develaopment of gland fibrosis and
atrophy that ensues {58;121,146) though some authorities

consider this view too extreme (55).

There is, of course, the eventual onset of hypothyroidism
that will ensue in a proportion of survivers of thyrotoxicosis
treated or untreated (see page 7 ). This will add to the
radiation-induced hypothyroidism, the incidence of which is
too great to be explained in terms of spontansous hypothyroidism.
High LATS titres persist in the majority of treated thyrotoxics

which tends to support a low incidence of spontaneous "cure®,

. Irradistion-induced auto-immune thyroiditis has been proposed
as the cause of hypothyroidism (18) but, despite the transient
increase in thyroid antibodies in serum or some patients after
radio~iodine therapy, titres do not correlate with eventual status

{(37) and this hypothesis is not widely held.

SUMMARY OF SECTION 2,

This section has reviewed the present, partly speculative,
knowledge of the zetiology of thyrotoxicosis. Present therapies
are directed against thyroid gland rather tham against the

primary causie
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Tests of thyroid function relevant to the iodine-125 Trial
(section B) hasve bsen briefly outlinud to emphasise the degree

of continuity in defining patients' thyroid stotus over 7 years.

Therapies available for thyrotoxicosis have been discussed
and attention focussed on the advantages of redio-iocdine
therapy. The risks of neoplasia anc the genetic hazards have
been reviewed: there is no good evidence of an increased risk
of carcinoma of thyroid in adults: risks to younger patients
have led Lo restrictions on the zoe at which radic~iodine therapy

may be given, and pregnant patients are not given radio-~icdine.

The major problems appear to be related teo the inevitable
rise in past-therapy hypothyroidism which necessitates {ollow-
up for patient (until hypothyroid and on replacement therapy,cr
dead) and places a considerable clinical load on thyroid centres,
Cne way to deal with these problems is deliberately to render
patients hypothyroid with lerge doses (82,125;161) and give
them thyroxine. This guarantees control of the thyrotoxicosis
but leaves the patient on medication (which he or she may not
have required for ycars with ordinary therapy doses). Also,
the risks of large therapy doses may be significant, tbough
Dobyns's data suggezt thet hypothyreidism protects against thyroid
neoplasia (at least in children).

fs an alternative to iodine-l131 therapy and its associated
problems, the use of anothir isotope, irdine-125, was oroposed.
section 8 deals with the thecretical and experimental basis for

this proposal and with a trisl of iodine-125 therapy in 360 patients,
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THEORCTICAL BASTS FCR THE UST OF TEDINC «125.

Iodine~12b, discovered in 1946, is ona of the 24 radice
nuclides of iodine. Ttes decay is complex (112,259) occurring
by electron capturc, ¥ emission and internazl conversion with
production of soft x-rays and low energy/@ porticles. The

majority of the low ensergy x and X rays pess through the thyroid

without dissipating energy. ffost of the energy deposited in
the thyreid is due fto the low energy/@ particles,. It has been

caleulated (99,112) that few electrons travel further than

15 microuns from a point source anrnd the maximum range is 20 microns,
From a sphericel source of ilodine-125 there is a merked fall in
dose rate ecross the sphere boundary. Changing sphere size

from 35 to 70 microns (selected for similarity to proportions of
colloid in rat Folliclesathe ret thyroid being the model for the
human disorder) mekes little difference. The figure opposite

illustrates these points (Fig. 6).

Jodine-125 has; of course, to cross the follicle cell to be
ingcorporsted into thyroglobulin and it traverses the cell acain
uéen the colloid is rescrbed and itnyroid hormone released and
secreted., However, the intracellular content of iodine-175 is
less than 10 per cent of the total thyroid gland content and may

be much lower than this upper limit (202,321): 90 per cent plus

of iodine-125 uill, therefore, be in the colloid.

This permits an important corparison to be made between the
emissiors of icdine-131 end iodine-125 (Fig. 7). Iodine-~125
will subject the cell apex - the site of hormonogenesis - to a
much higher dose rats than the nucleus - the site of reprocductive

integrity. The dose rate scross the cell does nobt reach zero by
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virtue of photon emissions, but the Rad dose at the colleid
interface will be 3 to 4 times that at the nucleus 10 microns
from the colloid (112,306).. To convert Rads to rems a quality
Factor has to be introducedy the Factor is greater than unity
for the low energy electrons which travel 0.05 tu 5 microns and
irradiste the apical segment. The quality factor is unity at
nuclear level as the lou eneﬁgy electrons do not travel that
distance. This factor raises the colloid interface dose te

6 times the nuclear dose (1GB).

s

Jodine-131 emitsgg andjg Tays. The)g rays have an average
energy of 187 KeV and are sbsorbed over s path length of 400 to
2000 microns. The ) rays paess through the thyroid largely
unabsorbed, The radistion field of iodine-131 is great in
comparison to follicle cell height (15 microns) or follicle
diameter (300 microns) and so adjecent follicles will irradiate
one another, producing a uniform irradiation of cell cytoplasm
and nucleus, Only a narrow rim of peripheral follicles will

escape this uniform irradiation (10).

By contrast with icdine-12% the path length of the iodine-131
emissions is such as to irradiate cell apex and cell nucleus more
or less equally with conseguent cell desth and eventual

hypothyroidism (Fig.8).

The figures 6,7,8 illustrate the actions of iodine-125, its
potential benefit residing in its capecity to preferentially

reduce hormone production.

Figure 8 illustrates the differentizl irradiaticn ezcross
the thyroid gland : colloid-cell interface receives proportionately
more irradiation trman cell nucleus with iodine-125. The guestion
to be answered is the following ¢ is this difference sufficient to
permit preferential suppression of hormonogenesis leaving an

A5
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‘adequate reserve of cellular replicative capacity to

reduce the eventusl hypothyroidism that is inevitaeble with
iodine~131¢%. Figure 9 illustrates the effects ol iodine=125
and iodine-131 on thyroid cellsg the hypothesis on which the
therdpeutic Triel is bhased holds that, with iodine-125 therapy,
cells grouped as C are increased in numbor compared with

iodine=-131 and provide a thersjentic advantage as regards eventual

hypothyroidism.

EXPERIMENTAL BASIS FOR THE USZ OF IODIME-125.

There is no laborstory animal eguivalent of thyrotoxicosis
though Ssttler (251) describes a thyrotoxic mare thei wes cured
by a subtotal thyroidecltomy. Thzre is, however, a useful
alternative, for assessing the effects of radiationgin the growth

response of the rat thyroid to a goitrogenic stimulus (66).

Gross st al. (116) found that incressing doses of iodine-131
progressively diminished the growth response whereas equivalent
doses of icdine-125 did not interfere with the response. Jodine-
125 treated rats grew less well than iodine-~131l-treated rats
and this was attributed to a greater differentiel destruction of
thyroid hormone synthesis in the former group. The pituitary
olands from the iodine-~125-trealed rats were heavier than those
of control or 13l~irrvadiated rats: this was taken te indicate
increased secretion of TSH in response to the reduced thyroid
hormone production. The DNA content of 125-]-treated rat
thyroids was found to be increased,; indicating the cells still
retained the capacity to respond to TSH.

Greig et al (113) compesred rat thyroid survivels after
irradiaticn with x-rays, iodine-131, and iodine-125. futhyroid
glands have a very low rate of cellular replication and a

goitrogenic stimulus has to be used to increase replication rate

A&



to permit mcesurement to be made. The Do vulues for x~rays,
iodine~131, and iodine-125 were 450 rads, 5,500 rads and
9,400 rads. The difference in Do value for the isctopos was
explained by the inhomogencous absorption of radistion ocross
the follicular cells in the iodine-12% tresled rats which
protected the nucleus. The cell apex, which is conccerned in
hormonogenesie, receives a greater degree of irradiation but
this does not appear to sffect cell viability and replicetion.
Irradistion of cell cyteplasm has been shown to heve little
effect on cell viability (200) and erythrocytes require irradiation
dosws several orders of magnitude higher than nucleasted cells
for destruction (253). Vickery and williams (289) confirm
Gross's conclusions. They also demonstrated that the effect
of iodine~131 was increased by prior feeding of an iodinge
deficient diet to increase uptake of iodine~131. lIodine-125
produced less diminuticn in goitrogenic response and less thyroid
destructien in animals on normal diet. Pprior feeding of an
iodine~deficient dist produced even less inhibition of goitrogenic
response or thyroid destruction. Jodine-deficiency causes
follicle cells to elongate and the nuclei are further from the
colloid thus resembling thyrotoxic glands. The ratic of destructive
gfficiency of iecdine-131 to iodine-125 was 18 to 1 on normal
diets, but this ratio rose to 60 to 1l on iodine~deficient diets.
Jodine-125 produced &Eiﬁ‘call destruction in iodine-deficient
glands than in normal glands.

Qther reports (177,288) have shown iodine~13] to cause eventual

fibrous replacement of raet thyroid whereas large doses of iodine-l25

left gland architecture intact.,



Lewitus and Shakam (168) noted an increase in thyroid
size from a wesk after administraticn of -iodine-125; this increase
persisted for 3 months (without administration of a goitrogen)
and, in the light of low serum hormone levels; was thought to
be TSH-induced, Konecny (151) reported an increaese after
fodine~125 but the increase was not detectable until 35 days
post-~therapy. He confirmed thet iodine-125 caused less

structural damage than iodine-131.

These stucies all tend to confirm the basic premise that
the effects of iodine~125 are a roduction in hormoncgenesis with

less structural demage to the gland.

Not all studies, however, are in accord with this vieuw.
Jongejan ana von putten (144) administered iodine-l31l and
indine-125 to rats and mice on low-iodine diet and, 4 months
later, measured iodine uptake (a function of the basal part of
the cell), thyroxime levels in serum as a measure of apical
hormonogenesis and cell death end structural alterstions as a
measure of nuclear damage. They found iodine-131 to be more
effective than iodine~125 by a fector of 20 in reducing circulating
thyroxine, by a factor of 16 in ceausing nuclear damaoz and by a
Factor of 20 in suppressing iodide uptake. These authors, being
unable to demonstrate any gross difference in rasdization effects
of iodine-125 across the cell, concluded that iodine~125 has no

significant extranuclear effect.

on the postulate that iodine-125 might reduce ths incidence of
hypothyroidism attendant upon iodine-131 therapy for thyrotoxicosis,
the Medical Research Council was approached and permission obtsined

for a therapeutic trial of lodine~l25 in humans.

N




JhE TRIAL

The first question to be answered was whether iodine~125
would actually be effective as s therapy for thyrotoxicosis.
With icdine-131 therapy, some 50 per cent of patients are no
longer thyrotoxic by three monihs al & dose of 10,000 rads. It
was decided to besgin with a pilet study of couivelent doses of
iodine-125 that would deposit this amount of radiation bt o
distance of 10 microns from the source (i¢e. Lhe nucleus-colloid
distance in the elongeted thyrctoxic cell). The nuclear dose
is reduceu by some B with ilodine-125 and so the dosss acministered

were 4 times the standard iodine-131 doses.

10 petients, all over 60 yesars, formed the patient malterial
for the pilot study. The average administered dose was 33.2 mCis
Two patients received 56 and 57 mCi,; respectively. The mean
raecovery time was 8.5 weeks and all 10 were euthyroid by 20 weeks
(1. This was encouraging as one would have exnected at
least 3 patients to reguire re-treatment with iodine-1l31l. The
patients receiving the largest doses were clinically euthyroid

at 40 uweeks. The numbers treated, however, uwere small,

'This initial group has been increased by a further 8 petients
(given lsrge doses to control severe thyrotoxicosis). gne patient
has required a repeat therapy dose snd a further patisnt three
therapy doses of this order tor controle. Mean initisl theracy

dose for the 18 patients was 27.6 mCi.

One patient hes since died (of congestive cardiac failure
and atrial Fibrillation), three have been lost to follow up (one
has emigrated). of the remaining 14 patients; after a mean
follow-up period of 5.4 years, 9 (64%) are hypothyroid. The

‘rest are euthyroid.
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This high incidence of hypothyroidism is predictable
after such high doses. The study did, however, confirm that

iodine-125 is efficacious though the need for further therapy

doses at this level suggected that efficacy might be less than ideal.

DESIGM OF THE TRIAL

1) SELECTION CFF PATIENTS

As knouwledge regarding the efficacy of lodine-125 at
smaller doses was lacking, patients were considered to
requira freqguent review initially. Also, as there was
a possibility of side effects and, particularly a
potential risk of neoplasm, review had to be life~long.
For.these reasons, patients were selected if they lived

within roughly & 30 mile radius of the Royal Infirmary.

1t subsequently proved difficult to recall a
praportion of patients living some dictance away,
particularly as they were also attending for review
at their Yparent' hospital. Such patients, when
euthyreid or hypothyroid for a yeer, whe fell into this
category, were then released to the care of the initial

referring consultant.

Admissicn to the Trisl was restricted to patients
aged around 40 years or older. O0Only 13 were under 40

years when treated, the youngeot was 37 years of age.

2) PRE-THERAEY DIAGKCSIS OF THYROTOXICLSIS.

patients referred for iodine-125 theropy wsually had
already been diagnosed as thyrotoxic with confirmztory

laborstory investigations.

&



In the early stages of the Trial, each patient
reguired an elevated pPHI-127 and a 24 hour thyroidal
uptake of a tracer dose (SJUCi) of jodine-131 in the
thyrotoxic range to confirm the diannosis. Thyroid
scans initiaily using iodine-131, lalbterly, technetium-99,
were also performed to exclude paticnts with toxie

adernomata.

From the end of 1972, serum thyroxine asvays bzcame
routinely evsilable and were complimented, from late
1973 onwards, by serum triiodothyronine and thyroid
stimulating hormone assays. Thyrotropin releasing
hormone (TRH, Roche) was available in 1973 and TRH tests
were used to furtrer clarify thyroid status in selected

patients.

EXPLANATION TO THE PATIENT.

fach patient was seen individually before tharapy
and at each review. The reasons for using the new
isotope were explained and the necessity for freqguent
review emphasisad., Patisnts were grateful as their
thyrotoxicosis became under control and early reviews
wers well attended. After ssveral years, nowever,
they were less enthusiastic (particularly as they felt
"well"), and default bscame more freguent. There was a
particular tendency for patients in the Glasgow city area
to move houss {as part of an axtensive rebuilding progremme)
and te Tail to inform the thyroid =linic of ihe now
aduress.,

All patients =til) fertile were advised to use
contraceptive precautions from the first therapy dose up

to one year after the last dose.

51
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ADMINISTRATICH OF THCRAPY DUSES *

Individual doses were calculcbed as described below
and were ordered from the Radiochemicsl Centre aAmersham.
Doses were administered on a Friday cr a [onday orally
bn an out-patient basis. Patients wers advised to
avoild contact with cnildren fer a fortnight. Paticnls
were advised to be czreful with their urine during the
first week and to avoid contamination by splashing. The
risk of irradiating other individusls is less than with
iodine-131. Van Middlesworth has pointed out that
contamination of ths envircnment with iccine~125 (half
life 60 days) would be prolenged but his radistion levels

data shows the environmental hazard to be insignificant

REVIEW DF PATIENTS

At the commencement of the Trial, review was at
fortnightly intervals but with incressing experience, it
was considered safe to reduce the frequency to a first
review one month after therapy, then two three-montnly
revicews and subsequently six monthly reviews. This basic
pattern was altered according to the patient's condition at

revisw.

patients were assessed clinicelly end had, initially,
Toutinz PBI~127's performed; &fter 18972, serum thyroxines
were performed routinely and other hormonal assays
subseguently.

The Eﬁiﬂﬁfl.ﬁiﬂ.or this Triel was to reduce the
incidence of late hypothyrcidism inevitaole with iodine-131

therapy. To this end, patients were assessed clinically

-



and biochemically. If the serum thyroxine (initially
the PBI-127) was in the hypothyruid renge, the assay
was repeated three weeks later and yet zgain after a
further three weeks. Thus the patient wos given a
beriod of six weeks! grace before being considored
hypothyraoid, and replacement therapy instituted. The
point at which hypothyroidism was considered to be
preszent was defined 2s the presence of one cr two
clinical indications with a serum thyroxine (initislly

the PRI-127) persistently in the hypothyroid range.

The reasons for changing Lo thyroxine assays are

detailed in Part 2, 1.

The use of a biochemical standard as pert of ths
'
diagnosis of hypothyroidism was considered essential
in view of the incipicnt, often unperceived, progression
of hypotnyroidism after radio-~lodine thzrapys The
serum thyroxine assay was considered the best end point
of the titrstion at which hypothyroidism occurred =

both in regard to continuity of patient assessment over

7 years of the Trial and in regard to patient safety.

SELZCTION OF THERARY DOSE.

For iodine-131, gland irradiation is fairly uniform
and the mean gland dose (the therapy dose) is an
accurate measure of the irreociation of the whole gland.
With iodine-125, the mejor therapeutic emission censists
of low energy electrons with ranges less than 1 micron
and nuclear dose is mly a fraction of the apical dose,
even allowing for photon irradiation and up to 10 per
cent of the iodine-125 in the cell cytoplesm (see the
first part of Section 8). from the celculations of

ity
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of  Gillespie et al (Y9), graphs may be derived giving the
dose rate per mCi iodine-125 per day at different distznces
from the colloid in glands of different mssses. Figure 10
opposite shows Lhe effect of 1 mCi et colloidecell interface
and at one and ten microns from the apical membrane assuming
90 per cent of the dose is in the colloid and 10 per cent in
the cell itself, with the colloid fraction being 1%/, The
graph permils calculetion of the total rad dose at any point

in the cell for each pestient from the formula?

Rad Dose = N x Therapy Dose (mCi) x per cent thyroid uptezke
of dose x Te

100

where R is the reeding from the graph and Te the effective half-
life of iodine-125 in the colloid. The percentage thyroid uptake
of iodine-125b is difficult to measure and so the 24 hour uptake
of the diasgnostic tracer dose of iodine~l3) is used as a rough
equivalent. Te is subject to grest individual variation and

an effective half-life value of 15 days was rather arbitrarily
chosen.

This value was obtained from the relstionshipg

where T8 = Biological half-life (on average 20 vcays in a

thyrotoxic patient) and Tp is the physical half-1life of 60 days.

TB is subject to considerable error in adopting the value of
20 days: experimental measurements have ranged in value up to

double this value (}83).

Thus calculation of rad dose to variocus levels aleng the

n
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follicle cell involves several assumptions which, it is
hoped, will be valid when applied to larye numbers of

patients.

TNDICATIDNS PR FURTHER THLRABY

ALYl patients were left for a full three months before
receiving further thervapy. A proportion of severely
thyrotoxic or frail, elderly "at risk"™ patients were
given adjuvant therapy (carbimazole/propranclol) as =

termporary holding measure.

Patients were given further therapy (a repeat of the
initial dose) if still severely clinicelly ond bicchemically
hyrotoxice fPatients mildly thyrotoxic; clinically or
biochemically, were not retreated in the expactation
that serum hormone levels would fall gradually with passage
of time. No patient wes retrected without biochemical
evidence of thyrotoxicosis. Thus the therapy policy was

designed to protect patients from (unnecessary) hypotnyroidism.

THE MEED FCR AN DEJECTIVE MEASURE CF HYPCTHYRGIDISH

Following radio-icdine therapy, patients can be placed
in one of 6 groups, viz.

l. Cliniczlly and biochemically thyrotoxic.
2. Biochemically toxic (clinicsl status misleading)
3. futhyreid (Td’ TSH in normal ranges)
4. Compensated euthyroid (TSH eleveted but T-4 normal)
5. Qiochemically hypcothyroid (clinical status misleading)
6. Clinically and biochemically hypothyroid.

The suthor considers, in cgreement with Wenzel et al (303) ,

that these groups merge imperceptibly into one another,

Ok
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making it essential to have a well-defined concept
af hypothyroidism. Patients with compensated euthyroidism
are not considered hypothyroid by virtue of the adopted

definition,

PATIENTS TREATED WTTH TODTME-125

SEX DISTRIBUTICN

308 are female (85.6%) and 52 male (l4.4%): this is
similar to the sex ratio for patients attending for
iodine-131 therapy (185), suggesting no significant bias

in patient selection.

AGE DISTRIBUTION

The age range at initial therapy is 37 to 76 years
with only 13 patients under 40 years of age. 764 of

patients are aged 40 to 59 years, oanly 1% are 75 yeaors

or older.

THYRCID GLAND IMASS FRICR TU THERAPY

Thyroid gland mess was estimated by palpation tc the
nearest 5 grams by one of three physicians (W.R.Greig,
1.R.FcDougall, 4.F.Bremner). Impalpable glands were
empirically accorded a weight of 25 grams: this wss the
lowest weight. The largest glend size was B0 grams.

76 per cent of the glands weighed &£ 40 grams,

3
It is generally realised that essessment of thyroid size
is & majur scurce of ineccuracy in attempting to tailor =
therapy dose to gland sizec. soley et al.(264) fecunc that
cnly 25 ner cent of clinical ectimetes of gland size,
measured by palpetion, prior to thyrcidectomy fell within

10 per cent of tne =zctual weight. In the remainder, errors

of up te 40 per cent occurred. gimilarly, Myhill at al.(201)

56
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found that, for small glands, estimatcs of size by
palpetion cerried e standerd deviction of about 10 grams
while, for larger glands, the sltandard deviation rose

to 45 grams. Smaller glands ars more accurately
estimated but the degree of accuracy in either case

is poor.

fiyhill coapared estimates using radio-isctope scens
and showed them to be no more accuroate than palpation,

‘Himanka et al. reached similar conclusions (137).

Acecordingly, palpation was used in this Lrial to assess
thyroid size and adeguate numbers of patients treated to
minimise this source of error. Inter-observer veristion

was limited by restricting sssessment to three physicians.

Petients were given a preselected therapy doss of
iodine-125 per estimsted gram of thyroid. The totsl dose

administered was calculated from the formulacs

.

Administered dose (mgi) = Desired dose (uCi/gram)
X Thyroid mass {grams)

1,000
Initially, patients were divided into 7 groups but the
author later reclassified patients into 5 groups as it was
felt that the grester number of patients per group reduced

the possibility of bias due to small numbers per group.

The initial group of patients received large therapy doses,

other groups were treated with progressively sm:ller doses.
Mmost of the patients receivingf; 200 yCi/gram were treated
most recently. The initiai therapy dose varied from 57

to 5 mCi. 76 por cent of patients received less than 20 nCi

as the first therapy dose.
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RESULTS

By late 1973, 360 patients had heen treated with iodine-125

and sufficient data had accrued for the findings to be documcnted

with a fair degree of reliability.

l.

Patient Asscssment: Clinicel and Bicchemiczl (Hormonal)
correlations.

The two tables opposite deltail the degree of agreement
between clinical and biochemical status for 197 post-
therapy patients assessed by the Weyne indices (56,294)

modified in the light of the following remarks.

Correlstions for euthyroid and thyrotoxic states is
reasonable when one remembers the difficulties inherant in
assessing post~therapy petients who may heve conflicting
signs. As patients treated tend to improve with theraspy
and to be less obviously thyrotoxic on the full Wayne indesx,
clinical classificetion tends to concentrate on the amelioration
of the more prominent signs and symptoms in ecch individual
patient. Also, in the (relatively) elderly patients who
form the subjects of this Trial, the constellation of signs
and symntoms that comprise the Yayne index is less frequent
and patient assessment by reference to a few stigmaste possesced
by individual patients is necessary. In the light of thecse
comments, correlations of clinical and biochemical status is

reasonable in the eutnyroid and thyrotoxic groupse.

The corxzelaticn as regards hypothyroid patiernts is less
satisfactarys: 43 per cent of patients biochemically hypothyrold
(T(I persistently in hypothyroid rance) were classified as
clinicelly euthyroid while 57 per cent of patients clsecified

as clinically hypcthyroid were, in fect, biochemicelly sutnyroid.
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This emphasises the need for sdeqguate hormenal assessment

of patients to confirm clinical classification.

gutcome in ¥hole Potient Group (November 1873 - Janucry 1874,

(Follow~up data available for 303 patiaents)

Patients who are euthyroid (including thsse mildly
thyrotoxic) form §9.%5 per cent of the total. 3l.5 per
cent are hypothyroid while 9 per cent remnain thyrotoxic.
The patients who are still thyrotoxic are either among the
most recent entrants to the trial or have refused further

therapy for irrational reasonse

Reletion of Sex to Fresent sStatus.

62 per cent of the males are euthyreid compared to
60 per cent of the females, mhiie the percentages hypo-
thyroid sre 24 and 32 respectively. 8 per cent of the
female patients are still thyrotoxic comparcd to 15 per
cent of the males. The follow-up periods sare similar end
the higher male incidence of persistent thyrotoxicosis may
indicete a grester degres of resistsnce to therapy. The

number of trected male patients is, however, small.

Age and Response to Theraay.

The highest incidence cf hypothyroidicm is in the
older patients but patients for the pilot study of large
doses were all elderly and this produces bias. 0Omitting
this group, the percentzges of pelients esuthyroid and
hypothyroic¢ in the esge range 45 tu 49 years - €1 end 30
respectively - are comperable to Lhe equivalent figures
for the zge range 60 to 64 years ~ 63 and 29 respectively.
The findings suggest that age at time of therspy hes little

effect on autcome {For a mean follow-up of 34 months).

A

wd &
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5. Gland Size on! Response to Therapy.

Comparison of the outcome at the 1974-75 recvizw botween
impalpable glands and glends weighing 45 grams and over
showad similar results (97 and 28 per cent cuthyroid and
hypathyroid comvzred to figures of 62 and 27 recpectively),
This would asppeer to indicate that gland size per ze has
little effcet on final ocutcome thouoh, of course, large
gicnds will regouire a proportionstely larger therapy dese

to give equivalence in terws of pCi per gam of thyraide.

6. Variztion in Thyroid Sensitivity to Irradi-tion.

Teble 3 contrasts the cutcome in two patients and
enphasises thal there is « mariked veriation in thyreid
sgnsitivity to ilodine-125: this varietion is not predictable
anc confounds ettempts to predict individusl outcome,.
Generally, however, cure of toxicosis incresses and occcurs
more rapidly with increasing therapy dose and cencurrently

the rate of hypothyroidism increases,.

Te Qutcome releted to initial Therapy Dose.

Table 4 and figure 11 deteil the relevant poinls about the

five therapy groups. This is a qenerel riss in the rete of

2

hypothyrcidism with incresss 1in initiel tharapy dosz. yUse of

[

small therapy doses (groups 1 and Z)} lsaves an unacceptably
high residue of thyrotoxicosis and repeat tharapy (or therapies)
is reguiced. fven in thz large<t initisl therapy dose groups,

26 per ceat (group 4) and 7 per cent (group 5) reguired

furtner tharapye
8. Qutcome relabted tu auration of Fellow-Uo.

The figure opposite shows the cunulalive incidence of

hypothyroidism with the passsge of tima for the 5 groups.

5 )



10.

lll

Irrespective of the administoeored dose of iodine-125
there is a progressive rise in the number of patients
affected:  the sam. rise in hypothyroidism is evident
For the total 303 patients.

1t should be enphasised thet bhere is no marked

decling in the incidence of lste hypothyroidism.

Adjuvant Drug Thureny =fter Todine~125% Therapy.
14 per cent (43) of the patients required drug
therapy as & holding measure after iodine-125. G0 per
cent of these patients were given carbimazole and
40 per cent propranolols 6 patients were given
compinstion therapy. One was given potassium
perchlorate because of a skin rash due to prior carbimazole.
petients were taken off drugs for at lesast two months

before a final decision as to thyroid status.

Further Tharapy Dosess.

79 patients required 2 therasy doses, 24 patients
3 doses, 6 patients 4 doses, 4 patients § doses and

3 patients 6 doses, cut of the 303 patients rsaviewed.

patients losi to Follow-Up.

57 * patients were not available for this review. 9 have
died (4 of bronchial cercinoma, 2 of ischasmic heart
disease, 1 of systemic lupus erythematosis and 2 of unknown
CEUSES ). The remsinder were either lost to follow-up
or were attending othzr hospitals and informstion as to

thyroid status was not obtained or was incomplete.

A



%

2) patients were subseguently tracéd ¢ 17 were euthyroid,
one thyrotoxic and 3 hypothyroid (2 not on thorapy). 1If
these ratios hold for the remaining 27 patienkts not
reviewed, then the overall incidence of late hypothyroidism
is around 2874 (by "lzte" is meant at least one year after

the last therapy dose).



1z, Conclusion to Review of 303 pationts,

Table 4 and figure 11 give informztion about the 303
e . 125 .
patients treated the doses of I prescribed, the

percentage of patients requiring further therapy/cherapies,

tha length of follow-up snd the outcoms,

With increasing doses, the percentage of patients
requiring further therapy/thcrapies fell (from 56X for
Group L to 77 Por Group 5) and tha opposite trend is noted

for hypothyroidisme.

In Group 1 where the smallest therapy doses were
prescribed (é;’ZDO JCifg) 247 (13 out of 55) are hypothyroid.
0f the 22 patients in this group who required only one
dase, 7 (32¢) became hypothyroio, 3 within 4 months of
therapy and one each after 5,6,11 and 30 months. Thus,
gven this small dose is associsted with a high incidence
of hypothyroidism and the need to retreat 567 of the

patients.

Group 3 who were given a mean dose af ﬂleJCi/gm.thyrDid
show the best outcome with only 18 hypothyroid and 77¢

suthyroid after a mean follow-up of 36 months.

with doses over 500 pCifgm.thyroic, there is a marked
rise in the incidencs of hypotnyroidism (567 and 609 for
Groups 4 and 5 respectively) but persistent hyperthyroidism
becomes rare.

The essential conclusion to the Trial resides in figure 11.

, .. 125 .
Irrespective of the administered dose of dI thsre is a

prograssive rise in the numbcr of patients being affected
by hypothyroidismj the same rise in hypothyroidism is

noted for the total cf 303 sztients, and there is no obvious

marked levelling off in accrual rate.

63



Comparison with JTodino-131

The groupof patients showinu the best rosults

in terms of the lowest incidence of hypothyroidism

was Group 3. This group wes selected for comparison
with iodine-131. Alsoy the uniformity of the

dose administered nokes for a Lruer indicotion of
the efficecy of iodine-125 whicn might be obscured
by the inhomogeneity of the whole getient oroup.

A graph of percentage of pzaticnts suthyroid after
1,234 and & therapy doses (log scele) was plotted
against number of doses (line:r scale) and the

slope of this line gsve the rate constant ( A Y.

The fraction of potients remaining thyrotoxic
is relatively constant from therspy dose to therepy
dose. Conseqguently, Lhe numbor of patients

not cured is expressed by the exponentisl equaticong
No=no 7% AN D

where

N is the numbsr of patients still

thyrotoxice.
No is the originsl number of patients.

D is the number of therapy doses

;v trhe rate constant



14.

Thres sets of data erc available (180,209,259) which
give values OF)Q for iodine-131 for three sgparate dose
regimes. The rotc constant for the iodine-125 group
selocted for comparison was 0.510 which is similar to the
rate constant for a dose regime desionoed to deliver BOjJCi
of iodine-131 to ecch gram of thyroid tissve (0.676).
This indicates than an adwinistered dose of 4lﬂlpCi/iodimen125

gram of thyroid is roughly as effective as 80 HCi of jodine-l131.

A second approach to defining the rate of responss to
radio~icdine uses the number of doses psr patient requirsd
to effect a 50 per cent cure. For the iodine-12% group
receiving a mean of 410‘pCi/gram this figure is 0.6 which
is less than theo figure of 1.03 reguired for an iodine~131

therapy dose of 80 Pci/gram of thyroid tissue.

Yet a third concept is that of average number of doses
prescribed per patient in the entire group. For this
particular group, the figure is l.4l which is similar to
the number prescribed by Nofal but less than the number
prescribed by Maynard ancd Silver.

. This data suggests that iodine-125 is only about one
fifth as effective as iodine~131 on an equivalent dose

basis but is more efficient in terms of cure rate.

Side £ffects of lodine-~125 Therapy
No ceses of leukszemia nor thyroild carcinoma have
been noted, 3 patients have had surgery for carcinoma

of breast, suosequent to radio-iodine therapy. & women
patients have died of bronchial carcinomes - all were heavy

smokers. 0One patiecnt developed systemic Jupus erythematosis

&5



and died. None of these conditions appear related to
radio-iodine therapy.

seven years after the start of the Trial there is no
gvidence that iodine-125 is less safe thaen iodine-131,
but the follow-~up in terms of patient-yesars, is

comparatively short.
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TABLE 5.

e vt e

Classification of patients Reviewed 1971«1973/74 (n=104)

GROUE, Mo

I 11 Patients euthyroid in 1271 and subsequently
hypothyreoid in 1973.

6 with normal TSH levels

5 with elevated TSH 18\,913} in 1971

11 10 pPatients euthyroid in 1971 and becoming
hypothyroid prior to 1973.

6 with normal TSH levels

4 with elevated TSH J.euels% in 1971

Il 40 Patients euthyroid in 1971 and still so in 1973,

32 with normal TS$H levels in 1971 (6 now have
elevated TSH levels)

8 with elevated TSH levels in 1971
v 15 patients mildly thyrotoxic in 1971 but well
and receiving no further therapy.

9 patients seeming well and still biochemically
mildly thyrotoxic

6 patients now completely euthyroid

v 28 Thyrotoxic patients in 1971 receiving further therapy
13 are now euthyroid (4 with elevated TSH)
8 are hypothyroid
3 remain thyrotoxic

3 are well but biochemically toxic



HORMOMAL STATUS AND SURCRCURS OF PATIENTS

1971/73/74 Comparison

A review with measurement of all hormonal parameters
was performed in selccted patients inm 1971 by Dr.1.R.
Mchougeall. The opportunity wes taken to review these
patients again in 1973/74 with a view to discovering if
it was possible to predict which patients would become

hypothyroid.

Samples from patients reviewed in 1971 were sent by
rail to Newcastle and hormone assays performed by
arrangement with Professor R. Hall. Mezsurcments in
1973/74 were performed by arrangement with Dr.J.G.Ratcliffe

in the Regional Radioimmunocassay Centre, Stobhill Heospital.

Table 5 classifies the paticnts reviswed eccording Le
thyroid status. pPatients were clascsified as suthyroid on
the basis of amelioration of symptoms and in the light of
their thyroxine assays; these patients were subdivided on
the basis of tneir TSH levels in 1971, Latiznts were
designated hypothyroid on the basis of one or two clinicel
pointars and a swrum thyroxine persistently im ths hypothyrold
range.

finor Zifferences in the normal rangss for TSH batween
Newcastle and Glasgow made valid compzarison of chenzes of
TSH over the 2/3 year period rather dubious except in so far

as there wer: marked allerations in TSH levels.

RESULTS A™D DISCLSSICH

Table & illustrctes the sub-classes of patients aveilanle
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for re-review in 1973. @QF 104 patients 40 wore suthyroig
in 1971 and remained so in 1973. 24 peticnts had normal
T6H levels in 18971, 16 elevated TsH levels. 30 patients
have becoms hypothyroid and they are classified in 3 groups
(1), (2) and part of Group 5. The other sub-classas are

as shown.

Table 6 illustrates the hormenal data on these patients.
0f 11 paticnts who were suthyroid in 1971 ancd who subsequently
became hypothyroid in 1973%, 6 had originally normal TSH
levels while & had elevoted levels. Two y-zrs later these
patients were clinically snd biochemically hypothyroid, the
mean times te hypothyroidism From the initial therapy being
36 and 32 months on avercge respectively. whilst these two
groups of patiente had a similar clinical coursc the proporticon
of patients with elevated T3H locvels in 1871 is smaller than
those with normal TSH levels suggesting thet patients with
elevated TEH levels may run & grezter risk of hypothyroidism
then patients whe had normel TSH levels. This compares with
the position after I~131 therapy uwhere patients with raised
plasma TiH levels develop hypothyroidism at the rate cf 57
per annum. As many as BB of patisnts euthyroid eftar 1-131
therapy are reputed to have elevated TSH lsvels (Toft et al.
1974 (274), and Tunbridge et al. 1974 (280) who found 467
of euthyroid patients to have elev:ited TSH levels.) Houwsver,
theee data are ta<en from revisw of patients trected with I-131,
at least 6 yesars after therapy, i.e. they were further on
follcwing therany than the paticnis reviewed here, It is
possiole that the 125-1 patients will gradually develcp a
rising titre of TsH levels with time. In fact, the ozlients
with =till normal TsH levels in 1973’shou a slight but

significant risc in T84 lesvels with a ceincidental reduction

&8



in T4 levels. Alsou, six potients with normal TsH
levels in 1971 have now developed slev.lced TSH levels
though remaining clinicelly eubibyroid with thycoxine lovel

in the low normal range.

From Table 6 it can be seen Lhat the post therapy
patient presents a spectrum of thyroid stotlus ranging
from franx<ly hypothyroid to Trankiy thyrotoxic. Division
of thesc oeatients intc subgrow s on & clinical basis is
difficult, if nolt impossible, and measurement of hormonal
paramnters is essential, {or correct clescificeticn of
patients following radio-iodine therapy. In late 1974
{5eptembor-getober) review, o detailed study of clinical
and hormonal status was underteken and the results ore

detailed as Followse.
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TRERAPY  GROUP
MEAN Ty, PBI, T, AND OSI LEVELS IN iR
CLINICALLY BUTHYROID PATTEXNTS RELATED TO
PUERAPY GROUP. THE DOSE 0F TJODINE 125
GIVEN TNCREASES FROM THEPRAPY GROUP 1 TO
GROUP 3,



REVIEW OF RPATTENTS TREET[D WITH 1~125 THORADY 1974,

Table 7 details the patients reviewed in each therapy
QLroup. Table 8 gives the bilochemical status of the

125 palicnts found to be cliniceally euthyroid.

Figure 12 relastes clinical slatus to dose. As expected
the percentage incidence of clinicelly epparent hypo-
thyroidiem increased and that ol porsistent thyrotoxicosis

decreased with increasing dosc.

For the euthyroid patients, all the mean T4 and FTI
levels wore in the normal range but there was 2 progressive
drop in these means and a concomitant rise in msan TuH

with incroasing therapy douse (Table 7), Figure 13.

By applying Students!' t-test, the mean T4 and FT11 of
Gruups 2 and 4 were shown to be significantly lower than
the corresponding Group I values (p(LD.OS), alse the means

of

Group ¢ were significantly lower than those of Group 2
(pd 0cl) 3 TSH levels remained in the normal range for

Groups 1 to 3 but were significantly raised above the normal

range in Groups 4 and 5 (p £ 0.005).

These findings suggest that,with incre=zsing dose, there is
a progressive trend lowzrds subcptimal thyroid hormone
concentrations with reduced TG/TS retios,; lezding to

elevation of TSH levels.

Only 93 of the clinically euthyroid patients were
biochemically suthyroid on the basis of T4 values and
12 of these had elevatcd TSH levels.

10 patients, who hzd normzl T4 levels, hed elevated T3
levels while 4 patients who were clinicelly sutnyrcid

had elev: ted T4 levels. A further 6 patients had both

70
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glevated T4 and T3 levels d.e. woro biochenically toxic.
Another group of 10 palients were clinically eulhyreid but

were biochemically hypothyroid.

The 20 patients who were biochemically thvrotoxic but
classificd as clinically wutnyreid were, at most, minimally
thyrotoxic and did nut require further thoerapy. At a
further review one yorr leter in 1875, 11 of these paiients

were clinically and biochemnically cuthyroide.

Gf the 12 patients with T4 veluess in the euthyrold
range but with elevetcd levels of ToH (Table 9) 7 were
recalled 7 months after initial review and reassessed by
the TRH test and 10 of the group were vecalled 12 months

after the initial revieuw.

Az the finure opposite shows, all patients studied
hed an exaggerated resronse to TRH, when compzred to a control
group composed of laboratory personnel and hospitalised

patients with no history of thyroid diseasseJFigeld,Table 11)

The 12 month follow-up review showed that 3 of the ten
patients were showing clinical signs of hypothyroidism and
the T4 level in 8 patients wos lower than at the initial

review (Table 9).

This coundition has been described =zs "compensated

guthyreidism" or "subclinicazl hypothyroidism®(63).

All patients in this group showed an cxaggerzted res. cnse
to TRH. This agrees w.th the results of Tunbrid.e st al.
1974 {159), who investigated the thyrcid ststus of 39 I1I-131
trezted putients in this category. The mean T4 level of

these paltients was shown to be significantly lower than in

/1



patients with normal TS8M, in agreement with the results
of Teft et al. 1974(158), who found the same resullt in a

group of post-I-131 patients.

Tunbridge et al. thought such patiecnts were no more likely
ﬁo develop hyuothyraoidism thon cuthyroid patients with
normal TSH, although Toft el al. thoughl the subclinically
hywothyroic group were most al risk and should be reviewcd

more regularlys.

This study showud that 3 of these potients founc to be
clinically euthyroid at the initisl review had beconz
clinically hypotnyroid by the third review one year lstaer and
a further patient had developod e hypothyroid T4 level
although still judged clinically euthyroid. This represents
an annual incidence of hypothyroidism of 25-35 pzr cent which
is significzently higher then the annual incidence in catients
with normal TSH levels which is of the order of 5 per cent.

cctive

e et m A

1t should perhaps be ewphasised th=t tinis was a pros

study free of the potential biag that may distori retrospective

studizs,.

1t should alsc be remembered that this particulsr croup of
patiecnts wee trested with iodine-125% and the rapidity of onset
of hypothyroidism may possibly be accelerntad by use of this

perticular isotope.

Patients with "compens:ted eutnyroidism" after iodine-12%
therapy form an "at risk' greoup who require close follow-up.
However, thers is still an incicence of 5 por cent zer annum
of euthyroid catients who become hypulhyroid and who cennot

be identified by horwcne ctudies.
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COM, TRSATED CUTHYRUIDISM 3 GTHER STUDIES GF RELCUANCE

Doubt exists as to the hormonzl status of such pabients -
hence tho two terms, compensetod euthyroidism end subclinical
hypothyroidism. It is disputed whether such patients should

receive thyroxine replacement therapy.

Tunbridge (280) investigated this problem by comparing
cholestural and electrocerdioyrarshic appesrances befoere and
ong month after replacement therapy with 0.2 my. thyroxine

per day. No changes were observed.

The author meessured cholesterol and triglyceride levels
and lipoprotein fractions in 12 petients at each revieu.
The samples were fasting samples and permitted comporison
with normal values for individuals of the same sqges as the
patient (ranges taken from Fredrickseon et al.(Y2)). Groups
of patients of the samec ages as the comarensated euthyroid

patients were selected randomly from patients euthyroid with

normal TSH levels for further ccmparison.

Table 10 deteils the findings. The patients with
eleveted TSH levels hau values in the normal range except
for 2 cholesterol and 2 triglyceride values in the frankly
hyperlipicdaemnic range: theze latter & results persisted in
the hyperlipidsemic range when repeszted onc month later.
However, the mean values of both parameters in the compensated
euthyroid group were not significantly different from those
in the control patients nor from the normal range of velucs

obtained from Fredrickson.

The 3 netients with the abnormal parameters were recalled
in the fasting state and full lipoprotein typing carried out

by beta quantificcticn anc electrophoresis. Cne patlent was

(e F:ﬁ
7 o
f !



confirmed as having a.Type Ila abnormality, one as hoving

a Type IV abnormality and the third paticnt as having a IIb
abnormality (Fredrickson claessificstion). Mone ol Lhese
patients had cliniceal stigmatao of a lipoprotein abnormality.

In the light of these findings, these three patients were
commenced upon Thyroxine therapy end 3 months later, when

they were each on 0.2 mgm. psr day, full lipoprotein
phenotyping was performed. The patient with the 11b abnormality
and thez patient with Ila abnarmality now showed normal
lipoprotein phenotype Qalues in the normal range. The

patient with the Type IV abnormzlity was known to be =

heavy drinker and her lipoprotein zbnormality persisted. She
wes taken off thyroxine replacement therapy and hér lipoprotein

disorder clezrod wilh control of her drinking.

This data suggects, though in view of the small numbers
of patients involved, dces not prove, that patients with
compensated suthyroidism may be at risk of azccelerated
atherosclerosis and coronary artery disease; as elevated
lipoprotein levels in the LDL and VLDL clesses are

significant risk factors for ischsemic heart disease.

Two of Lhis group of patients have since died of
myocardial infarction compared with only one patient in the
control group. The patient (who had elevated cholestercl
and triglyceride levels suggestive of a Type IIb abnormelity)
now has an ECG showing inferior ischeemia and freguent sino-
atrial block which is causing dizzy spells and will probably

necessitate a permanent cerdiec pacemeker.

These findings ere again,; of course, not conclusive but do
suggezt that replacement therapy should be considered in this

group of patients.
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SYSTOLIC Tifc INTERVAL FEASURENMERTS TN CCMOENSATED EUTHYROIDISH.

In an attempt 5o measure the dynamic responssz of the
body to these hormonal alteraticns, the function of the
heart was meacsured using the non-invasive technigue of
systolic time interval meoosurements{see Section D).

Fight patients with compensated cuthyrouidism wore so
studied and the resulis compared with the results from a
contral group of ten patients with no evidence of thyroid
nor of cardiovascular discase. These caontrol patients
had normal TSH values, were of the game age and sex as the
ten peticnts studied and none of the patients studied had
overt nor E£CG evidence of cardiovascular disease. #ll wers

normotensive.
RCSULTS

The intervals for 5 of the 8 petients studied fell
within the normal range of the contrel group. The other
three patients had parameters outwith normal (Table 12 ).
Comparison of the msan valuecs of these 8 patients with the
means of the 10 control pztients showed no statistically

significant difference.

SOME _FLRTHER L1
COMPELSRTLD EUTHY

D OSTUDIES 10 BATIENTS wITH
o

l. lipid Cle-rino Cagacity

Investigation of the clearance rates of triglyceride were
measured in gix petients with compensated esuthyroidiem

using the intravenous intralipid tolerence test (23,24,25).

pzatients and pMethod.

patients were studied in the fasting stats.

0.1 ml/kg.body weight of a 10 per cent golution
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of Intrali;id (@ soysbian extrect zvailable commercially
from p.CoVitrum, Swoden) ic administored as an inlra-
venous bolus end venesecmples obta ned at 10 minute
intocrvals over the subscouent hour frem a Venflon cannula
in the cpposite arm, kept patent by & non-hepsriniced
slow salin: Flushe The samples (baken into EDTA-
anticoagulated tubes) ~rc placed in ice and rapidly
centrifuged. [#lazsmo alicuots ere Ltaken and the dagree

of light absorption at 360 A messurcd an a Bockmann
spectrophotometer ( to pive & mzesurc of the nunber of
remaining fat particles). A one in 2000 dilution of

the originsl Intralipid solutioﬁ io mzde and the anzorption
mescured in triplicsie. The aboerptizn of fasting placme
is subtracted fromn that of the sanplcos obtaincd £ter the

bolus and the subsecuent volues are expressed as a percentane
] ¢ L

of the absorpticn of thoe injected Iniralipid. A semi~log
plot of ¢ absorpticn remaining in plesma against time

gives a streignt line, the gradisnt of which, K2 ( 7 / win),

is the required parameter.

Tha parameter K2 is e measure of the body's cacescity to
remave chylonicra from plesma, i.e. is 2 meazsure of lipid
clearing capacity, The K2 parsmeters are detailsd in
the table opposite eno uevonsirate a reduced ability to
clear triglycerices from the plasma in these patisnts

compzrcd to normel valuwes cbtained from a group of out-

potient controls (Table 13).

This again, 3is sugnestive evidence tret such individuals
have subtle abnormalities of metabulizm ond mey be =2{ risk
if Ycempensated eutoyroidism" is crolonged and replacenent
therapy not instituted.
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lLipoprctain Lipese Activity

tipoprotein lipsce activily wes azssayed in 7

paticnts with "compensoted cutlyroidism't,

Method.

Fasting plasma samples were taken and 1000 units

of heparin adminisicred intrav

o

ncusly and further
plasma samplss obtained exactly 15 minutcs after
heparin adninistrcoction, Plasme samples were cbtained
by immediaste centrifugstion st 3000 rope.ne for 3
minutes of E.0.T.A, anticoagulated blood. The samples
were frozen dircctly and assayed with control

samples from 10 normolipzemic; 6 Type IV hyper-
triglyceridaemic and 6 Type I1 hypercholesterolaemic
patients. substrate wes produced by mixing egual
volumes of normal serum and 10 per csnt Intralipid.

9 ml. of substrezic wes incubated with 1 ml. of test
plasmz, after thawing, for 15 minutes at 379C. (298),
The ipcubation mixtures were immedielely assayed in
triplicatz by extraction with Dole reagent (64) and
measurement of total free fatty zcid levels by micro-

titration with G.02 M scdium hydroxide.

Activity wss expressed as microeguivalents of
free (unesterified) fatty acid released per minute

per 100 ml. of plasma.

77
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RESULTS

Teble 14 details the Findings.

As expected, there is no significent differences between
normals and Type IT individuzmls. Type IV subjects show
a high pre-neperin lipase activity thet rises to normal
levels following heparin. This has been reported
before (91, 238). It is postulated that the high
pre-heparin level in the Typse IV abnormelity is
insufficient Lo counterbalsnce the hypertriglycerideemia
with the result that elevated plasma triglyceride values

percist.

Interestingly, the patientswith "compensated

euthyroidism are close to the Type 1V oroup in tserms

of their Fasting lipase(pre-heparin lipese)activity.
This is further suggestive evidence that metabolism -

is subnormzl in this palient group.

DISCUsSICH

The stuiies described hore sugoe:t that patients with
“ecorpansawed eutnyroidism! may ove wmetacolically "emparrassed!
in terms of lipid metabolism and cardicvascular function.
This finding suggests that such petients should be given

replacament therapy when their TSH levels start to rice.

The meen T3 levels were not significently diffsrent beltwean

the "compensated euthyroid? patients and the control group.

This finding hes reen noted by others (274,280,303).
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There appears to be two possible explansticns for this
findinge Firstly, it may be that, as Lhe stimulus dus
to thyroid stimulating immunoglobulins and lysphocytes
wanes (as part of the notursl coursc of the disease),
hormonal levels fFall and TSH iu secreted Lo increassc thyroid
hurmoné output. The TZH levels do not rise ta the meximum
level atlainable duce to regulation et hypotholamow-pituitary

lavel by T3 levels in the circulution.

hlternativelys the thyroid gland may be failing due Lo
radiaticn, ano TSH production is stimulated to incroese
normonal levels of T-4 and T-3. The TgH level does not
reach maximal levels necessary to maintain T-4 levels
because of a preferentisl effect at hypothalemo-pituitory
level by circulating T-3. The T-3 levels are preferentially
sustained by an alteration in the T-3/T~4 secretion ratio

by a wvamaged, failing thyroid gland.

Unfortunately, studies of gland secretion ratios of T4
and T-3 were not performed to prove or disprove the latter

possibility.

In an attenpt to svaluate the possible role of relative
iodine deficiency in perhaps ceusing preferential gland
production of T-3, 4 pctients were given physiological ilodide
(120 pg/day) orally for 4 weeks and re-assessed st 6 and

16 weeks. The findings are detailed in Table 15.

Thera was a significant rise in T4 and fall in TSH levels
in all patients wilh 2 smell Tall in mean T3 levels in this
group at 6 weeks. By 16 weeks, T4 levels had fallen and

ToM lsvels had risen with 2 small rise in 73 lavels.

3



This small study suggests 2 role fur iedine deficiency
in paticnts with compenseted euthyroidism by causing
preferential production of 73 in the failing.glandv It is
possible that patients with eleveted TSH lovels mey bocome
complelely euthyroid without hormonsl replacement therapy,
if given physiological iodine replacement. Tt is azlso
possiblce that eventual hypolnyroidiem may be staved of f by
this manoeuvre (though not preuented). 1t should be noted
that physiological and not pharmacologicel doses of iodine
were given to thesc patients, It has been recordsd that
pharmacological doses of iodinc may induce overt hypoe

thyroidism (230).

Ppatients with Elevatid T3 Levoels ¢ "T-3 Toxicosis,

An elevated T-3 level without = concomitant rise in T-4,
producing clinical thyrctoxicosis, was first described by
Maclagan et al,(17%) in 1957, Freguent reperts have appesred
subsequently, in particuler, one from Hollander et al (140)
describing 40 cases. Further studies, by the lastter group
suggested th.t elevatad T3 levels were frequently an carly form

of frank thyrotoxicosis where both hormenes are elevated (139).

The reassons for selectively high elevation of T-3 levels
are unclearj 1its cccurrence in autonomous hyperfunctioning
thyraoid @odules suggests that L.A.T.5. or TSH stimulstion is
not the cause. Some cases may result from a releltive iodine
deficiency (198) with creferentisl secretion of T-3.

4

puring hormonal studies on post-125 patients, 20 patients
werz noted to have elevaled T-3 levels. 10 were selected for
prospective review at freguent intsrvels. These patients wsre

guthyroid or minimally tnyrotoxic on clinical assessnent,
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The table oppeosite (Toble 16) lisls the relevant data
for the 10 paticnts reviewed over ong yvear. At the sscond
review the 73 levels remained clevetwed, T~4 levels remained

in the normal renge except for 2 patients who had elevetbed

T-4 levels.

TRH tests puerformed at this point showed thalt these two
petients together with six of the rost of the group, hed

no responss to TRM,

Two petients, howsver,; show:d an exagoerated resp.nse
ta TRH although bobh these petients had notmal besal TSH
levels.

Nine of the group werce further revieued 12 months after
the initial revieu. it this revicw, the T-3 and 7-4 of

H

the two patients who showed classicel thyrotoxicosis (biochewical)
at the previcus review, reoturned to velues similay or slightly
below those found initiaglly, although T~3 levels were still

elevated (Table 16).

gf the other 7 patienls, five now had normal T~2 levels,
that is, they had become biochemice.ly euthyroid and thz T-4
of 81l tut opne of thess patients had decreased significantly

(an amount grezter than could result from inter~sssay variation).

The other two patients still had toxic 73 levels, although
slightly less than initially, in addition, both patients had

significently reduced T~4 levels.

These lindings, indicete thzt in tho context of redio-~iodine
therapy; (particularly 1-125 tnarapy), the reised T7-3 is
probabily a trensitory state and not necesserily indicetive of

impending tryroteoxicosis.
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In an attenpt to evalusle the possible significance of
iodide-deficicney in the cetiology of T-3 toxicosis, (i.e.
biochemical T3 toxicosis,; zs 6 of bhesu patients were
climically euthyroid end the rest at most minimally
thyrotoxic) five p-otients with T-3 toxicosis were given
physimiogicul iodine (120 Fg/day for 4 weeks) and reviewsd
at 6 and 10 weeks csubseguent to the commzncement of the

oral iodine,

The table opposite (Table 17) deteils the horimonzl changes.
Threc of the 5 patients developed clascical biochemicel
thyrotoxicosis st Lhe 6-~weecks roview. There was little
clinical chenge. The other twe patients hag slicht further
elevaticns of T3 lovels. By 16 weeks, of the 3 patients
who had developed reised T-3 and T4 leveis, one had reverted
tc T3 toxicosis and the levels in anothcr had declinsd.

The third patient had become biochemiceally euthyroid. The
two patients with T~3 toxicosis and elevaticon at 6§ wesks

showed falls st 16 uweeks.

This study suggssts that relative iodide deficiency may
regulate the relstive secretions of T-4 and T-3 by the

irracisted thyroid glznd.

"Twd Toxicosis"

puring the hormonal stucdice, a small group of pstients
werz noted to hasve elevoted T-4 levels with normal 7-3 levels,
This finding is termed "T-¢ toxicosis".

Daiibt has been expressec as tou the existence of such an
entity (32). Turner et al (281) nave sucgeszted this entity
may result ¢:e Lo the presence of concurrent severs non-

thyroidel illness which is known to lowcr T-3 levels (198).
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1L has alsc been sug ested that T-4 toxicocois is o
relatively commen finding in elderly patients with thyroid

disesse (32,38) but this is disputed,

The seven patiencs in this study found to have T-4 toxicosis
were fres of obvieus extra-~thyroidel 1llness. Four wore
clinivally mildly thyrotoxic, three clinically euthyroids
The seven werc raviewed regulerly and, in 5 cases,; hormonal
parameters werce repcoied to confinrm the findings two Lo six
weeks later. MHormonel revics at 6 months showed 6 patients
to be clinically cuthiyreidi 2 continued to snow T4 toxicosis
but three had clessical bipchewical toxicuzis and uno was
euthyroid. Cne potient failed to attend. Reviews batween
12 and 16 months show.d thebt of tihe 6 paiients attending, all
were clinjcally suthyroid, five were now bicchemically

euthyroid and one was biochemically thyrotoxics

T3 and free thyroxines index values for the 20 T-3
toxic and 7 T~d4 toxic as well as for 11 compensested euthyroid
patients were plotted on & log-log sc:tter greph {281) along
with 28 classically thyrotoxic and 48 euthyrcid pstients?
peramzters for comparison (Ficure 18). The populsticn
distributicons appear to be discrete and to confirm the existence

of T4 toxicosis as an entity following 1-125 therepy.

&




THE T.RoH.TEST TR THE FVALUATICH OF TREATED
THYROTOXTC PATIENTS

This test has been used to characterise patients with
. . . . . . I
T-3 toxicosis and compensated euthyreoidism following 1257
therapy. its use in the more goneral situstion where poste

therapy patients are being assessed is of intersst.

The test would sppear to be an extremely sensitive
measure of thyroid function -~ Saberi and Uliger (2&8)
have shown that the T.5,H. response ig augmented by swmall
decreases in circulating hormone levels wheoreas Fukuda
et al. (95a) have demonstrated inhibition of T.%.H. response
to T.R.H. by small increases in circulating hormone levels.
enzel et al. (303) have demonstrated that both Ta arnd T3
inhibit the 7.S.H. response to T.R.H. and interpret the
delay in onset of action of T(i ag indicating that the intra-
pituitary inhibition is due to TS’ time boing reguired for
de»iodiﬁation of T4 to T3o Biochemical studies, however,
indicate high affinity specific T3 receptors in pituitery,
but also, in some species, low affinity specific T4 receptors
(269,271). In regard to this point; it is of interest that
the two T.R.H. tests performed on patients in the Yrial with

bivchemical "TA - toxicosis" shoued No Tesponse.

The value of the T,R,H. test following radio-icdine
therapy is disputed. Clifton-8ligh et al. (49) found a lack
of respaonse in patients biochemicaslly and clinically euthyroid
. 131 ~ . )
following 1 therapy and a lack of response in some

individuals with euthyroid Graves' disease whzre the subjects

had never beasn (overtly) thyrotoxic.

Twenty~four T.R.H. tests were performed on patients

clinically and biochemically euthyroid following 1251 therapy.

RA
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Prior to T.R.H. injection (200 pg. intrevenously in
the morning) full hormonal measurements were performed
(TQ, Tos TeSote)e patients were divided into U groups
according to the change in T.S.h. levels Z0 minutes after
injection ¢ (1) no response {n = 7), (2) inadeguate
response {n = 10), (3) normal vesponse {(n = 7). The

table opposite details the pertinenl data.

Grouped in this fashion, the date suggests that the
rasponse to T.R.H. depends on ecirculating hormone levels,
even with vaglues in the euthyroid range, as diminution

in T.5.H. response occurs with rising T4 and TZ levels,

when the responses to T.R.H. (4% T.S5.H.) was graphead
against time gince last therepy (it was not possible to
define accuratelythe onset of thyrotoxicosis in this
group), therewas no obvious relaticnship (for a linear

relationship, © = 0.42).

It was not possible to demonstrate that recovery of the
Gapacity to respond to T.R.H. by the pituitary depends
on the passage of a pericd of tims sufficient to permit
“resetting” of pituitary responsiveness to the altered
circulating hormonal levels -~ i.e. it is possible that
prolonged elevation of T4 and/or T3 levels may produce
pituitary thyrotroph suppression and they may not recover

for some time when Tq / T3 levels are made normal.

The relationship between circulating thyroid hormonal
levels and respons= to T.R.H. strongly suyygests that
pituitery responsiveness js related to levels of circulating
hormeanes. Further evidence comegs from further T.,R.H.
tesl data performad on 3 members of Group 1l some nine
months laler, when an improvement in responss coincided

with a fall in T

£

and T, levels.
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WHY DID THD TRIAL FATL 7

"gut facts are chills that
winne ding, an' canns bo

disputed"(Curns).

To date, tne Trial has Failed in its prime purpose :
that is indisputable. The theoretical and experimental

basis of the Trial has to be reassessced in the licht of

this finding.

The suthicr has engaged in studies aimed al improving

experimental studics of irradiation therapy for thyrotoxicosis.

ARONEL ARTHAL FMODEL CF THYRCTGXICISIS

The studies of thyrotoxicesis and of thuracics for
thyrotoxicosis have been hindored by the lack of a suiteble
animal model., It has not groved posgible to cate te [ roouce
a thyrotoxic animal. In particular, wus. of TSH is associated
with transitory stimuletion but this effect disappears
apperently cue to entibody formation znd annulment of the

effects of TSH, Also TSH has tu be given by injection.

The closest asproesch to an animal model has obeen to use
rats or mice subjected to goitrogen stimulus to induce gland
hypertrophy. The response of the gland to the goitrogen
has been studied subseguent to radio-icdine thera-y and indeed

was the basic mooel uscd for this trizl.

Recantly, tnyrotropin-releasing hormone (TRH) bLecame
availahle frocm Roche Labtoratcries. Thiz material, a non-
antigenic tri-poptide, ic absorbued orelly anc offered an

opportunity of preducing an animsl equivelent of thyrotoxicosis.
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The litevature dsta is rather confusing, there being
seme reports sungentine that TRH may induce thyrotoxicosis
while cther studies have been unrewarding.

Sakoda el al. (250) noted eleveted 981471 and TSH lavels

N

in the sera of rets given orsl TRM (100 or 1000 jig/vg. for
32 daysy, while Chopora et al. (48) claimzd to heve induced
hyperthyroidism in mice Ly 2 hourly injecbtions for 10 days
of lﬂ)Jg Tﬂﬁuthyruidlall uptake; oland size and serum
thyroxine lovels were a2ll increased. Researchers in
Hoechst, however, found Little effect of TRH given te rats
and dogs over 14 deys, on thyrocid weight. There wrsa,
howevur, & slight increass .n welght and Ysome morphological
changes incicetive of thyroid activetion" (personal
communication from Dr.J.Garrod, Roche Laboratories). Haigler
et al. (122) found that repetitive doses of TRH given to
humans did not invrease T5H levels, though inap.ropriate TRH secretion
has been found to ou a rare cause of hyperthyroicism (78).
Rebsllo et al. (227) found repetitive administreticn of TRH

to humens did elevete TSH levels but the resconse was limited.

~
The auvthor studied the effect of chronic crel zdministretion
of TRH in drinking weter =zdministered to rats over a three

month prriod. 43 mele yister rats were glven 2 mg.

crystaliine TRH per oay for up to three months and secrificed
by ether anaesthaesia in batehes at one, two, four eight anc
twelve wee.s. Diet ccnsisted of burine chow of normal lodide
content. Thyroid statuz wss assessed by increases in thyroid
weight, by histolroical evidence of increacsed colloid rescrotion
in tissus sections of thyreid staimsd with hzemzatoxylin and

. . 12 s
eosing ana by changes in serum PR I. The results are detailed

in Table 20,
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FIGURE 17

HISTOLOGY OF THYROID IN RATS GIVEN
TRH FOR THREE MONTHS.

(B) GENERAL VIEW OF HYPERACTIVE THYROID

(H. and E. x 22c) .
ACTIVE COLLOID RESORPTION IS EVIDENT

(B) VIEW OF CONTROL GLAND.
(H. and E. x.560)



(c) ANOTHER VIEW OF HYPERACTIVE RAT THYROID.
(H. and E. y560 ).



&

Findings of glendular hyperactivity were detected at

two months and persisted until month three by which time

gland weight was 307 more than control values. & control

rats sacrificed at three months showed no changs in the

thyroid parameters studied. The histological appezrances

in treoted rats consisted of increassd follicular resorption
suggestive of e hyperthyroidiam. The 1311 uptake in S

treated rats at three months was 24»2%:t 3.1 (mean * ISD)

compcred to an uptake of 600 * 2.0 in 3 control rats{over 24 hours).

Figure 17 illustr-.tic: the histological appecrance at throe

monthsa,

This cvidence suggests Fairly decisively thalt TRH given
chronically at this level for 12 weeks produces a hyperactive
gland. This may serve as a madel for the thyrotoxic human

gland.

RADIATICH STUDIES OF THD CFFECTS OF IGDINC-125 USING THE
TRH-TCXIC RAT PCDELs COMPARICC LITH I0DINE~-131,

The author felt thast the "TRH-~toxic" rzt model offercd a more
accurate model of the human thyrotoxic gland and its response to
radiation therapy. The goitrogen~induced hyperplasia model has
usuzlly involved soministrazticn of radio-icdine to a normal
thyreid followed by studies of goitrogen inducesd hypsrplasia.
Preliminary use of goitrogen to render the gland hyperplastic
and more akin to a toxic gland requires cessation of goitrogen
therapy to pecrmit uptake of radio-iodine with the possibility
that cells may return to a resting state in the interim and
sa he proteclted against taking up much radio-~icdine (unlike a

continuously stimuleted toxic cell).



With TRH administration, it is possible te continue gland
stimulation before, during radio-~icdine administration, and
afterusrds ~ an experimental situstion much more analogous to
human thyrotoxicosis. filso, the relatively mild thyrotoxicosis
induced may be closer to thoe averaye patient of teday, who is
detectad relatively eerly in the coursc of the disease and whose
thyreid is less hypertrophicd then the 2.3 fold enlargement

usually induced in animcls by goitrogen administration.

METHEDS

40 male Wister ret- were fed oral TAY (2mg./doy) in their
drinking watsr and maintained on normal burina cihwow dist for
Eal

ten weeks when greded dosec of iodine-1295 or iodine-131 were

administered intraperitoneally on the same day to groups of the

animals.

“

The doses adninistered were 2.5, 10, 40 and 160 pCi iodine-125
and 10; 40, 100 pCi iodine-131. Animals from each group
were sacrificed 24 hours after administration and on days five,
nire and sixteen sfter therapy. The animaels wire killed by
gther anaesthesia, the tnyraids repidly disseccted out, weighed
and transferred to formazl saline preservative. Picrotcome
sections of thyroid were taken for histology (hzemztocxylin end
eosin preparations) and autoradicgraéhy (using Ilford cozrse

and fine grain nuclsar enulsion).

5lides were studied for svidence of histological camage
and scored in termes of the presences or abssnce of frank
folliculsr damage, fAsksnazy chance (cell cytoplaossic structural

change) end extravesstion of folliculer colloid into the

intrevascular spsces
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Rutorasdicorapnic pott vns wore claoseified as radial with
evidencs of colloid lsok ge belween folliculan cells or
annular when colloid leciiane produced an annulsr image around

the follicle cxternally.
particuisr ottention uzs paid to those early autoradiographic
cppeatanca, of folliculir damege with extravessticn of colloid.

RESULTS

B A 2
=2

ch of Radio-d

Comperisan of iine fuclitdes,

v

Mo significent change in thyroid veight wes noted until
g §- - - e tL, I - 1 - y '125"
Day &% when o unall full wses noted in rats given lGU‘pCl I
and this fall was grester by Day 16. Rats given lJlI showed
. : . N L1301 . .
a omall fall by Day 8 with 100 pCi I and a more dramatic Tall
by Day ld4.

127 .
PEI 1 mecsurement on pooled sera from cardioc puncture

&1l of each group pecolzd) showed no significant chances except

at th. higher doses of Loth nuclides with a rise by Day 5 in

131
1

-

- 125 .
rats recsiving 160 FCl I or 100 PCl

Table 21 1listc the relevant findings wvith particulzr regard
to the histological and avtorzciocoraphic eppeerences. A general
pettern is apoarent. 24 hours after isotope zdministravion,
changes are minimal thoush thzre is clezr evidsnce of extra-

. R 125
fFollicular colleoid in the I~treated group at a cvose of
lSU}mH.(annular avtcreciographic pattern). Thzre is no
unequivocal evidencs of rodiation damage in terms of Askanazy

change nor disruption of follicular architecture al this time.

By Day 5, thsz evicence of colloid leskage and frank folliculzr

.13 ) .
breskdown is anparent ot lOQpCl I with no frenk structural or

. . - L 131 125
autoradiogrephic cranges at 40/JE1 T The “1-treatzd group

]




FIGURE .18

APPEARANCES OF IRRADIATED GLANDS IN RATS

GIVEN T.R.H.
m
(A) FRANK FOLLICULAR DAMAGE (UPPER HALF OF FIELD)

DAY 16 DOSE - 160yjc 125;
(H. and E. x 225)



(B) ASKANAZY CHANGE. THE THYROID EPITHELIAL CELLS ARE LARGER THAN
NORMAL, CUBICAL, HAVE A GRANULAR CYTOPLASM WHICH IS EOSINOPHILIC.
DAY 16 DOSE 160 yjc 125% H. and E. x 560.

(c) Tcc.iDiciivAni SHOV/T:T CCNSTDCRABLS losSsS cE UESLLED cCLLCID

FEC:: FCLLICLFH I:'TO FFAIFOILICUL/JI TISSU-
DAY 9 DOSE 160 uC 'TI. Ilford 45 X 225.



V f ,

(D) AUTORADIOGRAPH SHOWING RADIAL AND ANNULAR PATTERNS DE LABELLED COLLOID LE,
Ilford 44 x 560. A
DAY 9 DOSE 160 pc  I.

H. and E. HAEMATOXYLIN AND EOSIN STAIN.



show little change: autoradiographic zppeoarances are
equivocal but probably show an early radial pattorn of

labelled colloid.

By Day 9, frank follicular breskdown and continuing

colloid leskage is quite uneguivocal at 160 Pcilzal and

auvtoradiographic folliculsr change is more obvious at
131
40 pCi Ie

5
By Day 1l6; redistion change is unequivocal at 160 pCilZJI

.

and 40 Fciljll with fellicular disrupticn and colloid loss

clearly seen.

No frank histologicel changes are seen 2t dose levels of
to 40 .. 125 s § ) _
up to 40 pri 1 (borderline changes only at Day 16) or

z1
10 p[‘,‘i}‘j"le
Fige 18 1llustrates typical appearances of irradiasted glands,

DISCUSSION

The moiel of TRH-induced thyrotoxicosis was used to

compare the irradiation effects of lSlI and leI on rat

= .
thyroid. Up to 10 Fcil2JI and 10 Fcildll gave no frank

fod
follicular damage, whereas st 40 pCilZJI and, more so, at

125 . :
160 PCi JI, evidence of foulliculer damege wess apparent. The

changes due to 160 FCilZBI apceared as early as Day I and

25
persisved for the 16 days of study. The 40 Fcil/ 1 dose
produced less clearcut evidence of damage with no Askanazy
change nor frank follicular disrugstion but with some azuto-
radiographic evidence of colloid extrzvasation. By comparison,
i .131 . -
40 ang 100 JuCi 1 produced frank follicular damage. There

125 . .
was & tendency for I-induced damage to occur earlier at a

dose level of 180 uCi in comprrison to 40 pﬂilalI.

ion

T

The rusults sugesst a threshold level for obgervable radie

damage over 16 days, of a minimum of 10 pCiljl] andg 10~40 pcilzs]b

o1



H

l'_i

. ) . 5 . . -
with higher dosss of I producing an effect eoarlier than

131 - C s
1. Ihe dose ratio for similar effect would aepc.r to be
. , 125 131 . .
of the order of 4:l 1z I. There is no demonstrable

. e 125, -
sparing offect of I in terms of preservotion of follicular

axchitecture or incresse in thyroid weight dus to retention of
cellular canscity to proliferate.

This finding is in sccord with the results of the clinicel

. . 125 , , . )
trial of “"71 in 360 thyrotoxic petients, where there is no

demonstrable reduction in the rste of hypothyroidism ot three

125 . . 125
years often I therepy and where the dose ratic of I
131 . . . . o .
to I for optimum control of symptems with minimal evidence

of hypothyroidism was epproximately 4 to 1.

The present study has to be considered in regard te ather
relevant experiments. Greig et al. (113) studied the resgonse
of rat thyroid irradiateg with 1251 or 1311 to goitregen,
found a difference in DNA values of roughly 2 to 1 ang concidered
this to indicate a relative sparing of nuclewr replicative

. tapacity for the same reduction in hermoncyenesis by the shorter
radiaticns of icdine-125 - i.e. there was held to be a
differcential effect across the follicle cell with the apical
cytoplasm (the site of hormonogen=zsis) being more highly
irvadiated by iodine-~125 emissicns (coming lergely from the

colloid store), than the more distent nucleus.

Vickery & Williems (289) also found a quelitive difference
in effect of iodine-125 compared to iodine~131 with greater
damage to hormons production thean to growth (goitragens
induced). This effect was exaggerated by feeding & low icdide
diet prior to isotope acdministr:ticn with consequent elengation

of the cells.




Three criticicms may be raiscd regerding these studies,
Firstly, lhe glands produced by goitrogen administration in
these studies nre large (2 x nocmzl size) with elongated cells
end bear less structurel similsrity to the relatively mild
casws of thyrotoxicosis treated nowadeys (due to ecrly detectieon).
Secondly, cdministrotion Lo recting thyreid of radio-iodine may
produce specious differeonces with subsequent goitrooen

o . . , . . .25
cdministretion, The thergneutic irrediation from 771 is of
low energy znd so ite offcct will Lo confined to follicles
where it is takenup ~ i.¢. non-~stimelated follicles will bs

131

protected. 1, on tha other hand, has & much longer path-

length in time and so will irrediate adjacent rollicles with

more uniform effect. Frior aoministration of & low iodide
Coe . i 125
diet will elongste cells =nd so cross-irradietion by I (or

extravasated colleld) will zlso be reduced. Thirdly, the
differential radiction concept is dependent on folliculsr
integrity. There is esvidence in the present work of early

colloid leakage between the cells of eppa-ently intaclt follicles.

The hypothyroidism that appsars Lo be an inevitable
. 1 .

accompaniment of I therepy has teen shown to te due to
a demsged cap=city of follicula- cells to replicate (3).

Konecny {(151) observed a striking increase in gland weight
. 125 L - . , L
in rats after I treatment (detected aifter Day 30 and peaking
at Dey 60) and interpreted this effect as due to a nuclecr

. . 125 . s ) .

sparing actlion of I anc rztained cap=city to respond to
TsH: this, nowsver, is expliceble in terms of the lowish cose
of 125 aduinistered (50 uCi). Demege was not appzarent on
histological examinztion until Day 15 - in zccerd with the

C . . 125
findings demonstrated here for 40 uCi I.

(el

7



The pre.ent findings agree with those of Jongejan and
van utten (144) who fed rats a low iodine dicl For 2.3 weaks
and grve craded doses of both nuclides. Todide uptoke (a basal
function of the cell), serum T, levels (an apital function) and
histological evidence of cell cecth 100 deys =Fter isutope
administration show no evidenca for o differcncisl oction of
125 . . , . : .

I on hormonogenesis. Also, in mice, where the nuoleus is
nat basally sited, compsrable results wero wbtained. TJhese
data refer te the late rcesults in dirraciated thyroids but

cccord with these more acute findings,described here.

120, RSN

Fige:9 outlines the potential ¢ctiocns of 1 and Te
. . . s N 125 31 -
The cvidence For a theraneutic advantege of I over T will

dep-nd an C being large enough in cumperison to 71 zotion to

produce a differential effect.

fieithor the vata presentsd here, nor the results of

. . 125 . , .
the clinical trial of T in humans sugport the claims for

. . “ ) 125
a differential effect with T
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CONCLUSICHN TO THE TRTAL

Briefly, this Trial has failed to show any therapeutic
superiority of iodine~12% in comparison to iodine-13l.
In particulsr, the same unacceptably high incidence of
hypathyroidism is found and, 7 years after the commencement
of the Trial, there is no evidence of a decline in the accrual
rate. Data from other trials of lodine-l25 is detailed
opposite (Table 19) ¢ the slightly better results are
explainad in terms of small numbers of patients weated and
the short period of follow-~up. The patient's variability
in response to therapy is obvious on looking at the two
groups B and C treated by Weidinoer whers doubling the dose is

essoclated with a decreased incidence of hypothyroidism,

Review end prospective studies of petients using hormonal
meesurements has defined 3 groups of particuler interest and
they have been dealt with in some detail. Latients with
“"compensated cuthyroidisn" are probebly hypothyroid in
their intcrmediary metabolism and do not have "normal
biochemical stzstus and should have replacement therapy; T3
toxicosis post-radio-iodine therany is a transitory state,

and T-4 toxicosis does appeer to exist as a bilochemical

entity.




/g ~ADRENURECETTUR BLOCKIRG DRUGS = A CRITIQUL OF THEIR
USE IN THYROTOXICUSIS ARD A LABUR. TORY STUDY OF THEIR
FBCCE OF ACTICN CN THE HEART,

TNTRODUCTTON

fiany of the Features of thyreotoxicosis ~ the tachycordia,
tremor, stare, swaenting -~ bear a striking similerity tu the
features of sympathetic aclivity and several rcports have
claimen that sympatheiic blockers such as reserpine or
guanethidine have an ameliorating effect in thyrotoxicouis
(30,43). Schafer (252) counsicered that tissues were rendured
more sensitive Lo the acticns of adrenalime in thyrotoxicozis
(this, in 1916) and this belief Forms the basis for using
sympathetic antagonists in tiwrotoxicosis., The specific
/%m adrenoraceptor blocking sgents introduced recently have

gained wide acceptence as eadjuvant therapy for thyrotoxicosis.

However, Levey et al (80, 164 have criticised the concept
of increased sensitivity to cetecholamines in hyperthyroidism
on the grounds that the investigations were unscientific and
biased end, in particular, did not locok at dose-response
relationshin and placebo effect. Levey's studies suagest
that there is no increased sensitiviity of heart to cztecholemines
ana he found thatjgwadrenoreceptor blocking drugs sre incezpable
of reducing the resting heart rate in the thyrotoxic state to
normal. The relationship between thyrotoxicosis and palpitation
first ré&orded in 1825 by parrvy (218) ic possibly explained by
the finding of an incresse in free adrenaline in the hestt of
rats rendesred thyroroxic (322). Levey's group have also

demonstr. teg the existence of two discrete adenyl cyclase systems

in heart, one stimulatod Ly thyroid hormon:s (and gluceagon),
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the other by catecholamines. plso the similerity to symzrthetic
stimulation is only partial ~ fur example, vesoconstricticn is

conspicuuusly absent.

The expecsiments described in this section arose from the
above conciderations and from the tollowing clinical incidont ¢
a male palient aged 65 years with no hictory of ischaemic hestt
disease proeventasd with thyrotoxicosis and ¢ lerge goitre. He
wes aversc to surgery and ablatinon Lherapy with radic-iodine

131 . . . . .
(30 mci 1) was selected ws an elinrnative, His resting heart
wes 96/mine prior to thercpy. He wae commenced upon Propranolol

b

40 mg. tei.d. orelly ae & Rolding neasure to protect fhim from

1

the anticipaied sudden ro

thyroeid hormenss From ths
goltre into the blood stream. 5ix doys later he returned in
gross cardiac failure with & weicht geln of ten pounds., His
cardice rate was 85/minute. His Tailure clesrec with diurctic
therapy and withdrawal of propranolol. He is nouw sutnyroid

(on thyroxine replacement therapy) and hes no fallure.

This obscrvation suggested thet the potsnmey of propranclol
wag more than sufficient to outweigh the positive inctropgic
effects of thyroid hormones. 1t emphasiscd the need for
éaution in sdministration oF/gmblmcking drugs to thyrotoxic
patients and suggested that e more critical evaluation of the
action of /%uadrenorece;tor blocking agents wes required.
Obviously, If theres is @n element of adrenergic overactivity
in hyperthyroidism then a jgwblocker would b of petentisl
value in allevieting symutomatology but, iIf the myocardial
depressant effect (quinidins-like ascticn) of the crug is such
as to induce failure in & zrcoortion of patients then selection
of anotherjg ~blocker with less cardio-depressent cclion might

be safer and yet a3 beneficial in cenbrolling symptoins.
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The action of catecholamines unon the cardice action
potential(in purkinje and ventricular muscle Fibres) has
been shown by Cermeliet et al (43a) to be exerted upcn
the inward calcium current which is largely responsible
for the action pmtentgal plateau. It has been demonstrated
that, in sodium-free Tyrode solution (containming choline
chloride as substitute for sodium chloride); the rapid
inwaerd sodium current disappears, leaving an action potential
due solely to inward calcium and outward potassium currents.
This has the appearance shown in the figure opposite.
Addition of adrenaline augments the plateau height . The
increased intracellular calcium cencentration enhances
myocardial contractility by promoting actin - myosin

interaction.

1t has not been possible to demonstrate an effect of
/Q -adrenoreceptor blocking drugs on the inward calcium
current that is independent of their action in blocking
catecholamine action, This suggests that any postulated
negative inotropic action of such drugs on cardiac tissue
in a basal state (i.e. no sympathomimetic stimulation) is
not exerted at this site but at some other locus, if indeed

such an action is produced by such drugs.

This study was designed to study the sction of several
such drugs on sodium and potassium fluxes as these functions
of the cardiac cell membrane would seem 2n gbvicus site for
a pnstulated direct depressant effect of /gwadrenoreceptor

drugs.

Moreover, cardiac glycosides are known to inhibit the
Nay Ky~ ATP-ase dependent ionic pump with changes in
cellular concentrations and membrane fluxes of these ions (17a).

It is generally‘held, in the light of a large body of experiments]
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evidence (17a) that th: positive inotropic effect of
glycosides on cardiac tissue is due to thz increassed
intracellular secdium levels displacing sarcolemmal
calecium, increasing intracellular fres calcium levels}and
s0 enhancing myocardial contractility. The efficacy of
}6 ~adrenoreceptor blocking drugs in opposing the toxic,
arrhythmogenic actions of glycosides (278) could be

due to an asction on glycoside-mediated Na, K, ATP-ase
dependesnt pump inhibition and, if such an effect was
demonstrated, would support the contention that such
drugs exert a direct depressant effect at cardiac cell

membrane level.

failure to demonstrate such an effect would suggest
another locus for the anti-arrhythmogenic action of
fgmblocking drugs end, indeed, there is evidence that
sympathetic bhlockade reduces the incidence and threshold
of glycoside-induced dysrhythmias.

A NOTE ON CATECHOLAMINE ACTION ON CARDIAC
TISSUE

Present understanding of the zction of catecholawines on
cardiac tissue is in a state of flux (207a) but a unified
analysis may be attempied as follows. Such an analysis
is obviously relevant to an understanding of the function

of jgnadrenoreceptor blocking drugs.

Firstly, the inward calcium current is increased (by
adrenaline) and this effect is responsible for the increased
height of the action potential, for (in part, at least) the
ﬁositive inotropic actiony, and for the increased pacemaker

rate in sino-atrial and atrial tissue.

Secondly, the activation curve For the cutward pacemaker
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DIAGRAM OF TIHE POSTULATED INTERAELATIONSHIPS BETWEEN ACTION
POTENTIAL DURATION, CONTRACTION AND INTERNAL CALOTIUM,
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An increasc in intra~cellular calcium augments myocardial contract
by stimulating sarcolemwual calcium uptalke and release.® Intra-cel
calciwn is increased ih turn by direct inflow of calcium (slow cal
current) shown here ;s part of the Na-Ca exchange, which in_turn i
stimulated by cyclic AMP produced by catecholamine action at the

B-adrenoreceptor site., Intra-cellular calciuwm is increased indive
hy a rise in intra-cellular sodium which displzaces bound calcium,

Cardiac glycosides have this effect by inhibiting the sodium pump.
The incercased intra--cecllular calcium inereases the background outw
potassium current (shown here as a function of mewbrane potential

and tiwe), therchy shortening the action potential duration, redu

the inftow of calcium ions and thus preventing decoupling of cells




potassium current in Purkinje fibres is shifted in a
depolarizing direction, so accelerating purkinje pacemaker
activity (207a). The outward patassium current is
increased in amplitude and, in some studes, its activation
threshold is lowered, so shortening the action potential
and; in sino-atrial and atrial tissue increasing the

maximum negative potential in diastole.

Thirdly, adrenaline increases the activity of Nat -
K+ exchange pump and this may be the cause of the increased

maximum nagative potential in diestole in purkinje Fibres (207s).

Studies by McGuigan ( 10a) and others on mammal ian
ventricular fibres suggest that the inward calcium current
regulates the outuwsrd potessium current and that this regulation
controls the action potential duration. Moreover, it is
suggested that the calcium current in turn is regulated by
cyclic AMP levels which in turn are regulated by catecholamine
levels. The overall postulated scheme is diagrammed opposite.
Such a synthesis of currently available data may apply to

cardiac tissues in general.

Thus it may be perceived thatﬁ?nadrenoreceptcr blocking
drugs may have many actions which are, however, indirect

antl exerted via the adrenoreceptor site.

O




To eveluate the acparent cardio-deprescont action oﬂﬁmblwoksr
drugs, @ cultured cerdiac cell preparation wes used and the
effects of a’ﬁ—blocker drugs an transmembrane ion fluxes were
measured.  The drugs chosen for sludy wers orogranclol, which
is now widely used in tnyrotoxicusis (26,104), practolol which
is @ cardio-selesvtive beta~blocker, has sore intrinsic
sympélbhamimetic activitxpand which has soemt benefit clinically
in touxic priients (3@;205)}0xpranolol which hss somc inbtrinsic
sympathomimetic action @nd is of Llitlle Lo it clinicelly in
hypertnyroidism (227, 282) and « new drug, tolamelcl which hes
na lntrincic sympathemimetic activity. This latter drung hes
recently been recorted to couse tumours in animels and its

eneral release has net beon poreitted.
t

In this =tudy, pertticulsr esttention was paid tu Lho drug
concentrations used &5 some of the actions of/g~blockara are
demonstreble only et levels far beyond clinizelly atteinsble

concentrations.

The study was extended te th:s action of proprenclol on
the effect of a cerdizc glycoside (ouabaine) on jonic fluxes
as it has bszen sugoested that the acticn ofj%vblocking drugs
.in protecting =cgainst glycoside-induced dysthythmias is exerted
at cell membrane level (173, 174,265). Also ﬁaﬁblockase lg of ponofit
in thyrocardisc patients in potentiating the slowing effect of
digoxin on impulse conduction through the A-V node in atrial
fibrillation, may slow sinus tachycrrdia}and it is of intsrest

to study the intecraction of these drugs at cellular level (282,312).

IMPLCVERENT TC A TISCUS CULTURL LASCR. TOR

The laveratory used for the tissuw culture experiment was
located in 2 small portakebin which presenled verious structural

difficulties Lo adequate orgonisction end sterilily concider.t.ons.

101




The following improvements wele made s

(1)

(2)

(3)

(4}

(5)

The lsboratory wee esptied of all non tissue culture
(e.g. flamz photometer for ion assays, bench centrifuge)
to reduce the ricks of contamination and to give

adequale room,.

Technigues far trancferring solutions were re-designed.
Long steel needles with wide bore were used Lo suck up
cells to brezk wup clumps with minimal cemage Lo the
cells. A wide bereglasc filter funnel was fashioned
to fit the necks of bottles of mediz and the rubber
tube of a Cornwall syringe weighted with a perforated
steel hollow ball thai slipped down the funnel into

the bottle and permitted trensfer of media aseptically.

Cell counting procedures were automated using a Couulter
counter. The instrument was calibrated using latex
beads of accurately defined diameter and set to the
diameter of Girardi cells in suspension. A PZ64 cell
size pletter was addeu to the counter to permit cell
sizing and detection of any volume changes (which would

alter intrecellulsr ionic cuncentraticn si

ta;

nificantly.
Automzticn of cell counting (in plzce of the ussz of
a haemocytometer)sermitted processing of large numbers
of plates (up to 40 per experiment) with incresased

accuracy znc reliability aof results.

By trial znd error, tnc constant clogging of the Coulter
counter orifice by scerum (used tc stop tryssinisaticn
of cell layers) was circumvented by the usa of a

specific trypsin inhibitoBsnat%ylphenylsulphonyifluoride.

Rigid stendarcisztizn of experimental protocol was
adopted so that cell numbers per flate lay within

a narrow range and the same correction fector for
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persisting clumping of cells could be used.

(6) £mphasis on mebticulous aseptic procedure which obviated
the use of antibodies. This included repeated checking
af® media, soak sovlutions and plates (or contaminating
bacteria (bacteriological culture on agar plates) and/or

the presence of pyragens (animal studies),
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wioreisoror c (145)

INTRODUCTTGN

Exchanges of ions helween colls and thoir surroundings

sre best expressed in azbsolute units, without prejudice as
. . . . . . ;o2

to the mechaniss involved.  The comson wunil used is moles/com’ sec.

)
: 1 . P . o Ve
In practice ths result jo expresced in units of pmmole/nm SE0.

Under stacdy state conuitions, the guantity of the ion
peing into toe cell (the influx) is egual to that leaving the
cell (the efflux) in unit time, =zo that it is only nccessary
to measure one of these and the internal concuntretion i the
ion doegs not chrnge with time. Cenarally, howaver, most
isolated tissuss are not in a stoody state ans will eventuslly
reach & similar composition to that of the environment. This
means thal the influx anc the efflux are not the same and so

both must be mezsured and also that the internsl concentration

is changing with time.

The Flux Equations

The model chosen for deriving these equations is that of a
cell consisting of & bag of fluid sepsrzted from the surrcunding
medium by a thin membrzne of high resistance to the movenent of

the ion, but with a2 low cacacily for the storage of the ion.

Let such & cell of zrees A and volume V,

A end with an internzi concentrcii.n of Cy
4
‘t C be suspended in a sclution enntzining the
s 1 vy
’ same iun ab a concenlr=lion (‘.n° Far

exp: rimental purposes some of the external

. , . . X
ions are recloced by the lebelled ions CG .

The specific eciivity of the bething fluid

. X S . .
is then Cu / Er‘ ifter = sufficicntly lonn timn the internal
4
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ions will be lebelled in the same r-tio, Leb the fluxes of

this ion acruso the memsbr-ne be Ni” and M for the influx
out

and the efflux respectively. The lobelled fluxes ol the

; ) X . X o
ion are then . and M| reecenhively.
in sut

nounit time the amounb of jon in the cell chonges by

minﬂ - moutA therefore the concentration chanoes by

M, AV =~ M AU i unit bime.
it ut v

iete d/Cl) dio= M, VAT tA/U B

ou

Using this busic eguation both the influx and Lhe efflux cean

O
“
5
T
&)

be measured by suitable cdjustment xperimental conditions.

THFLUX

If the cell is placed in & soluticn containing the ilasbslled
ion then for a short timo there is an influx of the lsbellicd
ion, with only & swmall efflux of tne lebelled ion (for there
are only very few of the lebelled ions in the cell at this time).

Thercfore, equation (1) becumes:-

* T X
d(Cl)/Gt = min A/U oooowoeo-ouoooooueooo(z)

Rearranging M, * = d(CT)/dt.U/A B <)

. . . . i X X
Min is tnen obtained by multiplying hin by CO/LD .

EFFLUX

If the cell is allowcd tu accumulesis scme redioczctivity, zno
is then washed in & sclution containing no rediocactive ions,
. - X . . .
then the inrlux term min p/V in eguation (1) wecomus very

small) (thecreliczlly zsro), =znc so

X \
D(Cl)/qt = —MO XA/V ccon:cutnnonoaOcveo(d)

ut

At this staye it is necessary to zzsume some relalionship



between the flux and the internal concentration of the ion.
That usually assumed is to suppose Lhel the Tlux is
proportionsl to the concentration (2 physical model of

this would be that of Brownian movement causing the ions to

impinge in ¢ rondom way on one side of a thin menbrene
witi holes in it).
Thus 4 is proporiional to (C
out T PEY (€))
onr MUUt = chl CEU@boonaouvuuonnlncakenbnnvo(b}
where K? is & vonstant.

Therefore from equation 4:¢-

KN g X
d(L)/dt = eA/VK, e (£]) waeieninai oo (B)

A/U.KZ can conveniently be replaced by k giving,
dE)/0t = ke (B]) veriiniiiaannn (7)
ary (CT) = (C?)OEXDo*ktucn.ua.s'o:.-(a)

t=0

where (Cz) is the activity left in the cell =zfter time t,

X o I .
where (Cl ) was the originsl activity at time zero.
L=0
A more convenient form of this equation is cbtained by taking

the log. when 1n. (CT) = ln.(C?) RS N )
r log, . (C7) = log, (C7) = kt.lo
oF 910 Y5y T A0t 0., (92)

t=0
. , X , ) .
Experimzntally ona obtains (Cl) at varicus times and so a
. X . . . e 1 .
plot of log gcl) against time gives a straight line of intercept

log (CT) and sloge proporticnzl £o ke
t:ﬂ

k ir Lhose equasiionz is a rate canstant (or en sxchange constant

in this perticulaer case), anc is the reciprocal of 2 time consiznly

- o . T S
s0 that it has the dirensions of 1/time (i.e. min. atc. )
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The value of k thus found From the expcrimental results is
egually ecpplicable to the total ion in the cell. From the above

it is also equal to k?an/v, so from equation 5

<= Mmut/cl°ﬂ/u ovevovaceevsasoa (10)

Rearranging M . = ke V/R. (El) ccaccecoscrvonvoa (1)

POINTS
1) This eguatiocn can bz uscd in non-stoady state conditions,

providod thet the rate of change of the total ion in the
cell is smell compored with the rates at which the tracers
are being exchansed. I not thon some expression for the

chenge of the total ion muct be incorporsted in eaquation 1l1.

2) Since keT, = lne2 (i.e. 0.693), vhere T, is the hzlftims
d 2
of the exponential process, egquation 11 becomesg-

Mout:ln"z/T.;l{_' \’,//ﬂ°(cl> uonoceoﬂ--cau.oc(lla)

Tha halftime is found by noting the time that the initial

activity in the ce:l takes to fall to half its value.

. . . 2
3) In eguations 11 and lla the flux is in moles/cm”y sccus
if tha halftime is in seconds, thz internal concentration
¥

C 3 - L
is in moles/em™ ., and the volume to surface rstio is in cm.

EXFERIMENTAL PROTOCOL '

~

Figures 20 and 21 illustrate the Flow plan For measurement of
intracellular coneentration influx and efflux of sodium and
potassium in the presence of tve beta-adrenorcceptor blocking
drugs studieas freasuraments were mede over a range of drug
concentration varying from lsvels therspouticslly obtaincole

to levels well outwith the thereapeutic range.
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fMeasurwinents were made in the presence of d-1 Propranclal,
Oxprenolol, Prectolol and Tolamolol, in concentrztions from
Ocl ugm/mle to 100 ugm/ml. The effect of propranolol en
Ouabaine-induced ionic changes were measured an the presence

of Quabaine with or without S ugm/mle fropranolol.

METHEDS

Preparalion of Culturs plates.

Girerdi cedls, an established cell line derived {rom

human right atriuiw, were supplied as 2 trypsinised suspension
6 . . "

of 107 ocells/ml. (Gibco-Biocult ttde)e The cells waere
thoroughly pipetted to dissociate clumps and were tranuferred
to growth medium cemposed of besal medium Tarle (containing
2 om. sodium bicarbunate/litre), 102 feoetel calf cerum and
10 Gluterine to give s cell concentreticn of aucut

. 4
2.5 % 10 cells/ml.

Four ml. aliguots of cells and medium were plated cut in

]

35 mm. vented petri dishes and the dishes stacked in a scaled

ca

container, which was gassed with 957 CO, : SﬁCDz to maintain pH.

2
In the studies of the sffect of beta-adrencreocepter blocking
"drugs on ionic parsmeters, the medium was poursd of f plates
four cays later and reclsced with fresh medium contairing #
isntope asnog drug at the appropriate concentration. Four
hourslater, this growth medium was replsced with farle's buffer
salt solution containing isotope and drug (scaek solution). After
four hcurs in this solution, when the cells were in a non-cividing
state, thay ware ussd for the experiment. Final cell concentrat:on

6
was a confluent layer of about 107 cells/plato,

In the experiment to study Lne effect of Propranciol on
Duabaine-induced ionic cnenges, plates wers incubateo for four

days ana then the medium wes replaced with growth mediunm

a g, B
# where aspnronriate 1(%.& )
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containing glycoside and pPropranolel in the combinations

and for the times shown in Table 22.

Enuntlgg of Cells.

fedium was aspirated from the cell layer which wes washed
with ice-cold isotonic sodium-end-potassium-free Krebt's
splution to remove externzl isotope. The cell layer was then
coversd with 0.5 ml. of 0,25 M/U Trypsin solution and the
plates viswed unasr an inverted phase microscone until, with
repeated shaking, the cell layer hecame dastached. The
trypsinisaticn procedurc was then stopned imnediately using
the trypsin inhibitor, methylohenylsulphonyl fluoricde {85%
and 1 mls Isoton addsd subsequently. An inhibiter ceoncentration

wdl

of 10 molar was sufficient to stop ihe process of digestion,
The ce:sls were pipetted up an. down six times Lo break up
clumps, using a wide bore stesl needle anu syringe. The cells
wers transferrad to a 20 ml. messuring cylinder using an isocton
wash, which was used to meke up the fimel velume to the 2H ml. marks
Cells werc cocunted andalﬁo sized using & Coulter counter (model
Z with po4 size plotter}, calibratec in the usual feshion using
latex bezads. Six plates were dealt with at one time and every

plate waz countec in duplicate at least.

.

Counting of Isotcoe

Immediately after cell ccunting, 5 ml. of the final solution
of cells and isoton were taxen into counting vials. Counting
wa: performed on the Packard Tricerb instrument, Ho.3375. Thz
isotopes studied uere 22Na and Rb86 (which bshaves ag é2K, but
is more convenient Lo nhendle oy vittus of its longer nelf-life (1782.

Concentrat_cns of iscotopz in the growth and scak medlis were,

3
k2

v

86 X Cras
for abh 1 uc/ml. zno for Na 5 uc/ml. potivities uwere

sufficient to allow counting without additicn of scintillant.




Meesuremaenl of ion concentretions,

Concentration of sodium snd potassium ions in the soak
solutions were measured in an £EL flame photometer, esch

assay being performed in duplicate.

Calculations

Je figasurenent of cell volums.

The diameters of 50 single cells were meesured and
averaged using a micrometer eye-piece, calibroted against
. . . =3 .

a slide engraved with lines 10 “co (10 p) apert, 5ince

trypsinised cells are spherical in chane, the volume may

be calculated from cell volume, V, = 4Trr3 where r© is
3
the measurean cell radius (cm.) This is an approximate

measure of cell volume, but Burrows & Lamb (40) snd
MaciKinnon (188) have demonstrated thet, whereas surface
arsa changes markedly with cell shepe (e.g. sphericsl
to flst and elongate) there is no signifiicant change in
cell volume and that tnis is a sztisf-ctcry estimate of

cell voluma,

2 Measurerent of cell surface zroa.

Direct measzursment of cell surfe_e ares was perforned
as described by MecKinncn,l969 (188)’fr:m measurements of
cell depth, perimester, &nc surfece area Facing trne sclution.
The latter two messuremnents were obtained wsing a drawing
tube attachment tc the microsccpe, tr.ocing the cell outlines
on grach peper zand mecsuring the area and perimelsr zgainst
a standzrd obtteined from & celibrated slide. The surface
area fecing into the solution wis doubled to a count for

the eres ficing the bottom of Setri dish (Burrows & Lamb (40)).
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A total of 50 cells from a thickly populated wonolayer were

50 mecsured, bHO cells from a tninly propulated monoleyer

were similorly measurcd and & Figure For the nesr cell surface
area for monalayers of different populetion densities was
obtainad, knowing the percentagus of rounded and flattened

cells in the monolaysrs.

Volume to surfrce area (U/ﬁ) retios wers calculated and
graphed as shown opposite (Fig.22 ). The reguired vaive for
cach plate ues taken from this graph. fo sllowance was made
for possitle cmall surface orojecticens and therefore the U/A

retio is probebly an over-estimeote.

3. Dgtermination of Intracelluler water,

The mean dismeter of 106 cellc eguilibraled as a suspension
in Kreb's solution for cne hour was calculated from mesasured
diameters of 40 cells. 200m § excess KLl wes then added and
cell volume shrank. After one hour, tht mesan dizmeter was

calculeted from messured diameters of 40 cells.

The dry weicht, D, of the cells :(tzys constant. IT the cell
behaves as an osmomcter, then Gpl X W o= Op2 x W, (equ. 1)
(uhare Dp and W are the cell water and osmetic pressures in

Kret (suffix 1) and hyperosmoler Krebs(suffix 2). 0On transfer,

the cells lose water (ml - ul, )e

H = -~ i |.| i S . t i I
D+ ml = \/l Ul volume in solution 1
D+ uz = U2 V2 - volume in soiution 2

tawl “MZ:U.L_UZ

and from this, u2 is substituted in equ.l snd the volume of cell

occupied by water 1s glven by ul = Ul - V2
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RESULTS

Table 23 lists the results obbtained For tha‘actiun of the
bera~adrenorvecaptor blocking drugs, Proprencoleol, Practolol,
Oxprenolol znd Tolsmolol on sodium and poetessium concentralions
and fluxes. Over the thers;euticslly obisinable levels of
these four urugs, intraccllulei polassium concentration and
sodium concentration rsmained unchanged &t sround 160 &nd
26 mEg/litre of cell wetar. Simitarly,there is no change in

ion influx and ion efflux paromelers.

At drug concentration levels of 50 and 100 ug/mlg e eappearent
effect on these paramoters is seon. This, however, is
associeled with reduction in cell numbers (to less than 759
of controel plate values), with marked staining of cells with
trypan blue, indicating logs of visbility or membrane lechage,
with increasc in cell size when Lhe cells are sized and with

the presence of cell debris.

Tahle 24 shows that the ilonic changes produced by two
. . -8 . -8 .

concentraticns of Quabaine (10 and 5 x 10 molar) in conteact
with the cells for 24 hours wesrs unaffected by ihe 2 dition of
5 ug/ml of fropranolol for the last 12 hours of the incubaticn.
Nor wes thers any effect over a shorter period of incubation
with Precpranoclel (30 minutes). Similarly, when the cells were
incubated with Propranclol first anc then with Quabaine plus

progranolol, giving an exposurz time to Prowranolcl of 24 hours

and to Quabaine of 12 hours, thcre was yet again no effeact.
DISCUSSION

studies designed to demonstr:te & depressant effect or
myocardial cells by bete-adrenorecentor tlocking drugs have

largely utilised isolosted carciac papillary wuscle proeporat’ onse



Using such a preparation, Noyler et al. (203) and Levy

et al. (163) have claimed that Propranolol apparently
depresses the ltwitch respense of isolated cardiac muscle
prepurat.ons, However, these resullts have been criticised
on the grounds that the diameter of the muscle strips used
was such that central hypoxia must have occurred and the
apparent decline in twitch response with time in the presence
of fropranniol was, in fecl, the result of increasing hypoxia,
as the tissue was repestedly stimuleted (Harry et el. 1974,
(131), Blinks et al. 1963, (20}). Several workers - Harny
et al. (131), Blinks (21), and meier (193) heve, in fact,
producea deta from Llhis self-seme experimental approzch to
support thé thesis that bcte~adrenoreceptor blocking drugs

do not depress isolated cardisc muscle functicn when used

in clinicelly attainable concentraticns.

Recently, in & series of carefully controlled experiments
using thin papillary muscle prepsraticns, and skeletal muscle
preparatlions as a control, Harry et 21l(131) have shown no
depression of twitch resnonse by d-1 Propranclol; Oxprenolol

and Prectolol at therzpeutic concentraticons.

The experiments described here have failed to show any
effect of the four grugs studied, Pronrasnolol, Preactolol,
Oxprenolol anc Teolamolol, on intracellular ionic concentraticns,
ionic effluxes and influxes at therspeutic levels of drugs.
At very high levels, an apparent effect is seen with a fall
in intracellular potassium and a rise in intracelluler
sodium and increscses in influx and efflux rates. However,

this is almost certainly s toxic effect as evidenieas by the

points menticned in the Results Section.




1t is possible that many of the experimental claims
For a dircct deprescent effect of beta~bloukers on
papillary muscle prepavations ore du to th. presance of
catecholemines in theso preparations and aoparent
depressant wffects are the results of beta-adrenoreceptor
blockade. Tndeed, Choi ct al. (47) have demonstrated that
pre~treatnent of a papillary muscle prepar:ztion by rescroing
(which does not per se alter transmembrans sodium end
potassium exchanges, bult depletes adrenergic LlLerminals of
catecholamines) markedly reduces the ability of Propranolal
to reduce potassium efflux in thesz preperations, suggesting

that this drug may be functioning es o pure beteblocker.

The experiments described herv demonstrate that beta-
adrenoreceptor blocking drugs do not affect transmembrans
sodium and potassium ion exchenges in this cell prepar: Lion,
which is entirely free of catecholamine influence. Though
these cells are an established cell ine {(i.e. are dedifferentiated
dividing cells) they are still useful For studying transmembrzne
ion exchanges. 1n particular, they zre sensitive to the
actiovn of cerdiac glycosides with changes in intracellular
‘lonic concentrations anz fluxes that bear & prosortiocnal
relaticnship to increasing glycoside concentretions Lamb et al.

(156, 157).

The studies described here demounstrate that additicon of
pPropranoclol does not affect the ilonic changes produced by two
different concentrations cf Quabaine in contact with Girardi
cells. No erfect has been demonstrated oespite incubztion
with Propranolcl over 12 hours nor has any effect been cemonstrated
with a shorter incubstign of 30 minutes; tending tc sugoest

that fropranclol deces nct have a2 transitory zction on

Quabaine~induced ionic asltersl.ons. uhen cells were incubated
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with Propranclol Tirst and then with Quabaine plus
Propranolol, there was yet again no effect, wxcluding
the possibility that Quebaine might bccoms menbrane-

bound and so resistent to the action of Prepranoloel.

The lack of cvffect of Proprenolol on this effect of
cardisc glycosides indicetes that the protective action in
safe~guarding against glycoside-induced dysthythmiss is
not exerted at the Na,K-ATPase level. Tse and Han (27G)
have demonstrated that the effect of Quabaine on increasing
Purkinje fibre automaticity 1s gre~tly sugmentsd by the
presence of adrenaline wrile Roberts et al (238) have
shown that reserpine reduces the cepacity of glycosides to
induce extrasystoles in canine hearte. The experimental
rasults detailed herc would also tend to suggest thet the
action of digoxin in wroducing cysrhytnmia may be in large
mezsure due to coincidontal presence of cotecholamines,
and the protesctive action of beta-adrenoreceptor blocking
drugs is; in fact, being exertcd at this single site. Against
this suggestlion must ba set the finding that d-Propranalol is
less effective against catecholamine-inouced tachyarrhythmias

'tompared to l~Propranolol while d-Preopranolol is as effective
as d-1 pPropranolol in preventing Tusbeine-induced dysrhythmia
in experimzntal animalsi: this zpoears to indicate a dcuble

site of zction of d-l pPropranolol (Parmley st al. (218)).

The lack of effect of Propranolel on sodium and potassium
flexes contrasts sharply with the marked effect of this drug
on human erythrocytes where major chenges in fluxes occur with,
as the drug concentration is reised, eventusl rupture of the
cells (Ekman et al. (75)). This might suggest thst bota-
adrenorecentor blocking drugs exhibit a degree of tissue

specificity and thel their sction, (or oxanple, on PDurkinjc
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fibres may be guite different from their action on crrdine
muscle fibres. However, £l Shahawy et al. (76,77) have
measured intrscerdisc conduction using His bundle electrogrens
in avutely and chruéically hyperthyroid rets end demonstrated
no effect of large doses of propranolol on bthe atrisl - His
time interval nor oun the His-ventriculer sctivaticn time.
There was some reduction in heart rate in chronically
hyperthyroid animels but the rate did not altain the cuthyrcid
reslting value : which is in keeping with a direct action of

thyreid hormone on a thyro’d-hormaone specific edenyl cyclase.

The above studies, in conjunction with the clinical anccdote
of induction of cardiac feilure by ﬁ§~block9ne in o thyrolexic
patient, are evidence for a single cerdisc site of action of

ﬁ ~-blockers - thé sympethatic receptor site and a leck of
sympathetic hyperactivity in thyrotoxicosis. This would
suggest that the effect ofﬁlblockade on heart is ¢ reduction in
rate due to removal of sympathetic tone but not e normalising
of rate - due to the direct cardiac actions of thyrcid horirone.
It raises thoe possibility thet hesrt rate in hyperthyroioism,
after f -bleckade, may give a mezsure of response of a tarcet

.

tissue - the heart - to tne severity of the thyrcotoxicosics

This data indicates thst cerdiac protect.on (impcertant in elderly
and cardiac patients) by B -blockade will be at best only
partial and, therefore, treatment with A .blockade alcne {as

has been advocsted prior to surgery (195) is potentially hazardous.

1t is pertinent to observe that while f-blocksce reduces

pulse rate, tremor, stare and skin conductance (117,178,281),

mn

the effects of such therapy in one trial, were not sufficient
to allow natient preference lor RA-blocker {(precoranolol, practcleol)

pver placebo to re ch statistical signiricance (204)., Similerly,
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patients showed no preference for oxprenoclol (38). Anocther

study failed to show any reduction in anxiety levels with

£ -blaockade (229). Bropranolol deoes not reduce the

metaboiic rate in hyperthyroidism (223) which further

enphasises the secondary role ufjgnbluckade in thyrotoxicosis -

namely to alleviate some of Lhe perigheral manifestations

of the disorder while definitive therapy is introduceds
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BHYSTCLGETCAL AND PETAAQLIC RESPONSES TO THYRCID HORMONES

To  SYSTOUTC TIME INTERYAL

FEASUEMENTS: A

NEYW TEST OF

THYRUID STATUS

TNTRODUCTIGN

r

The deitesils opposite

after a therepy dose of

biochemically very toxic but clinically suthyroid.

At the olher extreme are found patients with modest

(Table 25) describe a patient one year

rodio~iodine for thyrotoxicosis. She is

biochemical

alterations but a severcly thyrotoxic clinical

presentation.

PDiscrepznoies such as these point to the need for & means of

meesuring the body's responsc te thyroid hormones, in particular,

a measure of cerdiovascular response would be particularly

valuable as this system is tho most freguently compromised

and most often at risk, particularly,

patients.

Measureuent of basal metabolic raste is e

body response to thyrold hormones:

it is, however, =

in the <lderly tinyroid

me-sure of whole

time

consuming, uvnwieldy investigsotion necessitating preparaticn

of the patient (who has to be in th: basal state),

disturbed by meny factors unreleted to tnyroid

anc it is

ctatus (14).

drawbzcks heve relegates this test to a2 pesition of relative

unimpoirtance.

{ikewisn, measurement of the Achilles tendon reflex time

These

a place in assessmant of nypothyreoidiem out its value

in hyperthyroidism is disputed (237,258).

117



In cullaboar-ticn with Dr. bUS.Hililc, Senior Regintror,
Deparlment of Pedical Czruiclogy, the auther embrrked on
an agsessment of gystolic time inte:vel measuremsants as
thire was sugcestive cvidenc. in puhiiched work thet such
measurencnt micht offer a tost of sufficient sencilivity te

peruit assessment of cordicvaccular rusaonse to circoulating

thyroid bhormene luvels.

Significence ond Trigin of bhe ters Systolic Tire

Systolic time intecrval r»ofers to o poer.od within tho systolis
part of the cordisc cycle, Emphesis on trie signifiscaonce of

the durition of ecyutole dotes back to Corred (18743(97) but it

was With the deta; ctudics of wingers in 1921 (311,312) thst
the foundetions w-re laid for the precent widcs resd use of

STi's in clinical cerdiclogical practin:. fost of tha present-

day use of S$TI's stems from the work of Weissler's geoup (2060025,

The heoert may be rugarded as lwo pumps in series, both of
varieabl. rzte, stroke znd pressurc production. They both share
the same rate. Ezch puinp hes two ecyliniers. The atrium is
equivalent to a receptor for returning low pressure fluid and as
a pump for pumping this fluld into the szcond cylinder, the
ventricle, which 1Is the high prsszaure ounp.

The pressure that this pump i3 cepable of exsrtin., en
the fluid depends on the diestolic or recting muscle Fibre

length (Frank-Sterling Law) znd uvp to & limit the pressure

o+
o

gexerted incrozases wi increasing fibre lznoth. Thus, the
greater the vsiume of the ventriclz prior to contracticn (end
diestulic valume), the great<rt the Torce thst c=n be sroduced

by the fitres. The velocity of fibre controctien is related

to the resistance thot trz bleod mests oo it iz ejzcteo {the

mﬁ
ot
e
foel,



afterload),increasing afterload reducing velocity of conircotion.
This is the physiologice! basis of §T1's. The pre~ejesction
puriod, or P.E.P., is subdivided ints the eleciro-mechanica)
delay (£.M.D.) and tho isovolumetric cuntrazction time (I.V.0.T.)
These two intervals sre not divisable sccursetely @s some
contracti .n of Lhe ventricular muscle will hove been initisted
befare the excitstion weve spreads throughout the entire
ventricle, put contrzcti n iscenerally teken ss thet soint at
which intreventriculaer ressure (mesuured invasively) begins

to rise.

The £E.M.D. reflects tihe intraventriculer conduction patiorn
and is lengthened, for exsmple, by bundle brancn block or altered

by bicchemicsl delay or scceleration of cell to cell excitetion.

The I.V.6.T., is relatca to ths rate of rise of left ventricular

pressure (LY dp/dt ) which is an index of myocaroial contractility.

w

Thz contractile stete of the wmuccle is affoctec by positive
inotropic agents such a5 thyroid hormone, an increcse in metaboliom

and by czrdiac glycosides & sympathetic venous stimulction @ oall

thesze facters shortesn pL.R, AN increzse in end-disstolic
volume will shorten P.E.P. Neg~tive inotrogic zgents depress

contractility and ccuse P.L.P. to lengthen.

1.V.C.T.i¢ effected by the giastolic pressure in the arteries:
if the pressure is low, the aortic velve opens soconer and thus a

low diastolic pressure tends to shortal.V.C.T. and hence P.L.P.

pn increased velocity of mucle fibre contracticn reises the
systolic blood pressure (and mean acrtic pressure). an

increaced sortic pressure length=ns P.C.f. @8 the intra-ventricular

precsure has to be raised to open the aortic velve, crolonging

5&'3
P



I1.V,C.T. Increases in stroke velume and heart rate increase
cardiac output which has the same cffect of raising mean

aortic pressure.

Meart rate is related to P,E.R. Increased sympathetic
tone increasces rate and this also tends to increase the

contrectility 3 this increase tends to reduce the I1.V.C.T.

by increasing the velocity of contraction.

Four factors, there’ "o, primarily «ffect T.V.C.T.

L

1) Preload which is t ‘astolic muscle fibre length, or

the end-diastoliec v MG e

2) Afterload or the resistance to outflow which is determined

by the aortic diastolic pressure,
3) mMyocardial contractility.
4) Ventricular dyssynergy.

LeV.E.T. is affected by the same fsctors. Heart rate,
however, appears to be more significant and L.V.E.T. is

directly related to stroke volume,

An increase in preload means muscle fibres have further to
contract which tends to take longer and so increase L,V.E.T. and

stroke volume.

The clinical uses of systolic time interval)l measurement have

been thoroughly reviewed by Weissler (302).

This study was intended to assess the sensitivity of systclic
time interval measurement to thyroid status to determine
whether such = measure would afford an accurate and sensitive

measure of cardiovascular response to thyroid hormones.
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METHODS ¢

Systolic time intervols werc measured From simultancous
recordings of an electrocardiogrem, phonoc rdicgram ancd carotid
arterial pulse tracing (Fig. 23). The phonocerdiogram was
teken from a crystal microphons (£leme Schonander EMT 25C)
placed over the aortic valve area. An electrocrs rdiogram
leau was used which geve @ clear (GRS complex representing
ventriculasr depolerisztion. The cerotid pulse wave was
racorded using a plastic tembour connscted by an air~filled
conducting system to a high specd ink jet recorder (Mingograf 34),
The recording epeed w:=s 100 millimetres per second, the
mecssured intervals were obtainocd by sveraging vslues from

six beat: to Lhe nesrest Five millis_conos.

The frequency response of the Elema Schonandasr SHT 510 C

transducer and its amplifier is grewter than 80 Herzo

The intervals measursd were (1) the total electromechanical

systole (@5 ) measurcd from the commencement of ventricular
2

depolarisation to the firet high freguency vibretions of the
aortic componznt of the second heart sounds, representing aortic
valve closure; (2) the left ventricular ejection time (LVET)
mezsured from the upstroke of the arterial pulse te the trough
of the incisural notchsy (3) the pre-ejection period (RER) is
obtained by subtracting the left ventricular ejection time from
the electro-mechanical systole and represents the interval from
ventricule: depolerisation delay and the isovolumic contraclion
time of the left ventricley (4) the ratio of pre-ejection period
to left ventricular ejection time (PCP/LVET) was also calculuted.
This retio encompasses deviations in both basic intervels and

may refloct abnornality when neither is clearly abnormal.
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The duration of the QSZ’ LVET and PEP are line~rly relaled
to the heart rate and regression equations have boen
derived from chbservations on normsl individuals (Weissler,
301) (Fig.24}). Results from the present studies were
expressed as "measured' intervals, measured in absolute
terms (milliseconds) and were compared with corresponding
normal valuss ("calculated®™ values) culculated From the
appropriate reqgression equations. The results were also
expressed and shown as the systolic time interval indices
(suffix 1) calculated as the sum of the messured interval
and product of the heart rate and normal regression slope.
This offers a convenient expressicon for studying serial
changes and tacilitates comparisons among patients by
normalising the results tor heart rate. The measured
values of each of the systolic time intervals expressed

as the systolic time interval indices were compared to

the calculated values (Ycalculzted" parameters) obtained
from the regression equations using the Student's T-test.
The results are expressed as the mean and standard

deviation of the mean for each group.

Systolic time intervals were me:sured in 20 hyper-
thyroid patients (Table 26) and 15 hypothyroid subjects

(Table 27). The diagnosis of hyperthyroidism was mzade

. . : - 127 .. )
on clinical examinaticon and confirmed by PB I estimation

velues 3670 nmol/1 and ljlz upteke studias (24 hour
f

thyroidal uptake > 507), FBllSl at 48 hoursl) 0.3 dosz/L

plasma). The diagnesis of hypothyroidisre was suggested

)

.

’ . - 3 - » N -11.{‘ . .
by clirnizal examin<tion and confirmsd by PB 1 estimetion

(values ¢ 230 nncl/l) ana serum thyroxine assay(values {60 nmol/1).

No patients had cigns nor symptoms of corzunilani cardiac

gisease, none had conduction defects on routins elsctro-



therapy which might affect the systolic time intervals.

Five patients from each group (hyperw and hypothyroid)
flad measurements performed after appropriate therapy.
These patients appeared cuthyroid on clinical examination
. . L 127 .
and this was confirmed by normal PRB I and serum thyroxine

estimations (patients number 1 to 5 in Tables 1 and 2)

(Table 26).

In the thirvd study, 74 thyroid patiente were assessed
without knowledge of their clinicel details. Their thyroid
status wss prodicted from the changes in systolic time
intervals; when compared to normal; as determined in the
first study. Thair thyroid status was also determined
independently by the referring physician from clinicsl and
routine thyroid investigation, This group included
previouvsly undiagnosed patients, bul also othere being

. , 125 C e . .
reviewed foliowing 1 racdic=iodinge therapy for thyrotoxicosis.
The predicted thyroid state was then compared with the
indezpancent prediction inferred frow systoliic time interval
measurumnents, The diagnoses established after full
investigations weres 236 patients hyperthyroid,; 12 of whom
had had previous therapy; 11 pstients wsre hypothyroid
eight had bessn praviously thyrctoxicy 27 patients wzre
euthyreid, 21 had bad thevapy for hyperthyrocidism znd six
presented with signs ancd syrptoms of anxiety and wers

referred to exclude thyrotoxicosis (29,30,31,32,33).
RESULTS

The hyperthyroid patientes showod shertening of the total
electro-mschznical systole 5177 21 (celcul=tez uzlue
549%, 1/p £ 0,001) resulting from a normal left ventricalsr

ejoction time, 418" 20 (celculsted value 4170 1,) and
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shortening of the pre-ejection peried lDQﬁ 8 (calculated
value 132 *+ 1, p<{ 0.001). Ths PER/LVET ratio was
reduced 0,231 * 0.04 (calculated ratio 0.340 * 0.40,

P £_0.001).(Table 25).

The hypothyroid subjects showsd prolongation of the
total electro-mechanical systole 563 * 14 (calculated
value 548 * 1, p>¢GaDl) which resulted from shortening
of the left ventricular ejection time 402 i 17 (calculated
value 416 *+ 2, p{0.01) and marked prolongation of the
pre-ejection period 161 ¥ 10 (calculated value 132 * 2,p< 0.
The PEP/LVET was increased 0,459 * 0.056 (calculated value

0.3500 * 0,04, p< 0.001).(Table 27},

In each of the patients studied after therapy, the
pre-~ejection period and PCR/LVET ratio were within the
normal range (mean plus one standard deviation of calculated
values). 50me veriance was found in the duration of the

s, and LVET (Table 28).,

The systolic time interval values for each patients in
the third study are shown (Tables 29,30,31,33). From the
first two studies the pre-ejection period and PEP/LVET
showed the most consistent changes and these intervals were
used Lo predict the status of the patients. The diagnosis
of hyperthyroidism was predicted from the association of a
shortened pre-ejection period and reduced PEP/LVET (the
normal comparative range was taken as the calculated mean i
one standard deviation). In two patients the PEP was
shortened, but the PEP/LVET was borderline, these patients

were assessed as hyperthyroid (numbers 1 + 10, Table 29).

subjects were designated hypothyroid from lengthening

of the pre-ejection period and an increased PEP/LUET.
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Two patients with a prolonged PEP, but borderline
PEP/LUET,mcre also designated hypothyroid (numbers 3

and 10, Table 30).

All patients, euthyroid following radio-iodine
therapy, had normal pre-ejection periods and PER/LVET
ratios. Three patients designated as "anxious®™ had a
slightly increased PERP/LVET, but all had normal pre=

mjection periods (Table 31).

The predicted diagnoses made, as indicated above,
agreed with that made by the referring physician in
70 of 74 cases, (95%). Discordant diagnosis occurred
in Fou£ patients (Table 32). No obvious cardiological
explanation is available to explain the difference in
these patients. They were of similar age, duration of

symptoms and therapy as the other patient groups.
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DISCUSSIL!

i

Systolic time interval measurcments afford a non-invesive,
repeatable and rapic essessment of cardiac function and have
been reviewed by Kumer and Spodick, 1970 (154), yeissler,
Harris and Schoenfield 1966 (301) and in a textbook by

Weissler (302).

This stucy falls into twe parts: in the first, it is
demonstratued that concistent changes in the pre-~ejeclion period
and PEP/LYET ratios ocecur in unequivocally hypo- and hyperthyroid
patients. THQ return te normal of thess values in ten patients
rendered egthyrcid supports the belief that measurewent of
such wvalues may be of value in determining the thyroid cstatus

of' an individual.

To confirm this hypothesis, the thyroid etatus was predicted
in & mixed group of thyroid clinic patients providing s difficult
clinical spectrum; which resulted in hyper~, hypo- and euthyroid
subgroups. some petients uere minimaliy hypo- on hyperthyroid
and retained conflicting clinical signs but, even in tnis group,
there was a high degree of correlation between predicted diagnosis
.and that determined independently after full investigation of
thyroid function. This appeesrs to confirm systolic time interval
measurementis as a sensitive indication of the cardiovascular

changes induced by thyroid disease.

5ix patients presented with troemor, weight loss and/or
tachycaerdia and were found to have interval and thyroid studies
within the normal ranges; a diagnesis of asnxiety state wes
eventually made in these patients by psychiztric assessment and
exclusion of other possible organic pathologies. Tri-iodothyromine

levels were normal in this group, excluding T3 ~ toxiccsis.
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Harris et al (139) reported shortening of the pre-sjection
period in subjects with increezscd endogencus sympathetic
activity under emotional tencion, anxiebty, and with psychosis.
Such po.lients may be differenlisted from thyretoxic psticnts
by administration of a beta~adrenoreceptor blocking agent
which reverses tha changes in anxiety, oul doss not affect

the pre-ejection period in thyrotoxic paticnts (1173,

The dirgnosis of thyroid disease depends in the first
instance on suspicion followed by adequate clinical examination;
this is adaquate to detect severe examples of thyrotoxicosis

or myxoedegina and diagncsis is confirmed by subsequent investigation.

Problems arise when petients heve minimal stigmsts of toyroid
disordery this is particulerly sc in the minimally hypethyroid
petient who may remsin undetected until prescnting with angina or
cangest.ve cardiac failure. Clinical assessment may fregquently
be misleading (B5a, 279). Assessment after therapy a2lso poses
obvious difficulties. The use of biochemical tests &s screening
procedures is also open to error (132); in particuler, a large
number of the general popul:tion have spuriocusly elevated FBI's,
and the contraceptive pill elevotes thyroxineg levels. The
disgnosis of T3 toxicosis requires the raedio immunoassay of
tri-iodotnyroming, 2n expensive, time-consuming tecnnigue not
generally available. In acdition, there is the group of
patients with "compenscted" euthyroidism, ice. with normal T4

and T, levels, but raised TSH levels, indic.tive of thyroid

3
dusfunction compensated for by piltuitary hyper-stimulation. At
present, no single ideal thyroid test is available snd a

compromise battsry of tests may be required cov:iring many aspects

of thyroid function in the indivicual pziient. In the presence




of conflicting tests the clinical assessment of the
functional stetus of Lhe paticnt by the physician often

decides the management aof the patient.

It should be noted that the patients studied had no
overt cardiac dissasc on clinical and ECC examinaticn and
fall into discrete Yhociodynamic” groups accordino to their
thyroid status, so that altersticone in systolic time intervals
carry a hicher degree ol diecnostic specificity then i the
case in myccardial inferction or cordi:c failure where many

variablus influence cardiec function.

It would seem thet mezsurement of systolic time interveals
may have s plece in the assessment of this group of paticnts
end may be of more general value where e fully comprehensive
set of tnyroid functicn tests is not readily evailable. These
studies have shown such measureisents to cerry a high degroee
of specifiicity, much more so than the now outmoded mecsurement
of baszl metabolic rste., Cystolic time interval .easurements
offer an accurate measure of the "“peripheral" or target-organ
cffect in thyroid diseasse ano may well be useful in sssessing
the elderly who ere most sensitive to the cardiac effects of

thyroid hormones,

CONCLUSTON

The studies described here suggest the following potential
benefite of STI messurement in thyroid diseass.
1) A useful mewsure of csrdiec responce to thyroid hormonal
status that may assist in deciding, for exsmple,
whather to treat or re-lreat appasrently mildly thyrotoxic

patients.




2) A useful measure for sequential studies of

individual thyroid patients.

3) & potential means of detecting "at risk" patients,
if it can be shown that shortening or prolongation

"

of P.L.P. in hyper- and hypothyroidism is a measure
of severity of thyroid hormone effect on heart

and indicative of impending cardisc decompensalion,

dysrhythmias etce

THE RELATIONSHIP BETWEEN SCRUM THYROID HORMONE LECVELS
AND SYSTOLIC TIME INTERVAL MEASUREMENTSG.

In an attempt to defines a simple relationship between
the levels of circulating thyroid hormone levels and
systolic time interval messurement, data from 20 peatients
was analysed for simple mathematical correlations. The
data covered euthyroid,; thyrotoxic and hypothyroid patients
and the scatter seemed sufficiently wide to obviste selection

biase. Table 36 lists the raw data.

Using a Wang desk top electronic calculator, with a
programme for deriving linear regressions, the values of

T, and T3 were separately correlated with each of the

4
systolic time interval parameters in turn and a linear

relation sought. No significant correlation was obtained.

Next, the T

r, and T3 values were run against the

Jog values of each of the corresponding STI measurements,
Again,; no significant linear correlation was obtained.
This approach was extended, using a Philip's computer
and a "Polfit" programme for fitting of variables to a

polynomial function ~ i.e., a relationship of the form



TABLE 36

THYROID HORMONE AND SYSTOLIC TIME INTERVALS PARAMETERS
20 PATIENTS

I 11 III v ') VI VIl VIII IX X
Ty Ts HR s,  8S,  LVET  LVET PEP  PEP,  PEP/LVET
Hofi00 mi. mg/ml. msgc 1 msec  msec msec oo
8,04 1.04 13 380 526 285 402 Jal 124 3333
16,2 3.50 107 310 b24 235 466 75 118 3191
9.8 2.38 81 350 512 275 405 75 107 2727
7.6 1,30 80 395 565 290 418 105 137 3620
J8.8 3070 107 310 524 250 421 60 103 2400
16.0 3,10 72 400 544 300 415 100 129 3333
4.6 .48 80 380 5&0 285 413 g5 127 3333
10.8 2024 85 410 580 310 446 100 134 3225
112 3,80 B3 360 526 265 398 95 128 3584
20.0 2,60 100 260 460 210 370 50 90 2380
13.4 3,00 74 370 518 280 398 90 120 3214
5,2 1.70 62 350 h22 250 381 100 133 4000
1247 2:.30 67 375 509 305 412 70 97 2298
10.0 1,39 86 375 547 280 418 95 128 33492
2,9 1,80 69 405 550 295 412 110 138 3728
15:4 3.12 88 400 516 350 491 50 86 1428
23.7 5058 93 360 546 280 439 70 107 2413
12.2 0,58 - - - - e 44 85 -
12.6 3.25 67 375 509 305 412 70 97 2298
22,9 5.25 93 360 546 290 439 70 107 2413

NOTEs Harmonal data was processed when thyroxine was assayed as
/1g/100 ml. and triiodothyronine as mg/ml.




SIGNIFICANT RELATIONSHIPS FOR Tay T3 and STI's OF THE FORM,

TABLE 37.

5TI = aT, +  bT, + C
8:.Tole RELATIONSHIP ACCURACY OF FIT
(ASSESSED AS ROOT MEAN
SQUARE/MEAN VALUE OF STI)
AND EXPRESSED AS A
PERCENTAGE.
HeR. HR = 67,5 4 .34 T, - 0.57 T, 3.2
PnEopo PER = lUDog *a 3(\43 T4 o4 6369 T3 Ged
ﬂsz ASZ = 401 = 3092 Ta - 59&9 T3 807
L.0G LoG
= o et o . ™ 5 °
PER PEP 2004 = 0,02 T, + 0.0 Tq 14,7
PEP PERP .,
~VET ToET & 3850 ~ 6306 T, = 3l.8 T, 17




3 . .
Y = a7 4+ bhZ" 4 ¢c7  + etc. where 7 is the 5T] measurement

under study Y the Td or T3 valug and a,b,c etc. are constanta,

4
No significant relationship up to 7 appeared and
repeat fitting, this time using the log of Z,; was

similarly unproductive.

Finally, &s neithcr hormone gave a significant relationship
when compared repeatedly to the §T1 value (as estimated by
the stendard error of the estimate for V), a relationship of
the form 7 = aXx + bLY 4 ©, was sought, where 7 is the STI
parameter, X and Y are the Td and T:3 values and a,b,c are
contrasts. The relationship log 7 = aX + bY 4 ¢ was also
svaluated. This approzch was performed using a

computer programme for multiple regression.

ficcuracy of fit was assessed by the root mean square

as a fraction of the mean valus of 7.

Table 37opposite lists the significant relationships.
Serum hormone levels relate well to heart rate and pre-ejection

period, less well to the other parameters.

Such derivations do not, of course, prove that such
postulated relationships between cardiovascular and hormonal

parameters actually exist.



IT. ZINC HANDLING AND THYROID STATUS
A MECASURE OF SEVERITY OF THYROTOXICOSIS

INTRODUCTION

Certain aspects of the thyrotoxic process such as the
gxophthalmos and pre~tibial myxoedema, may not necessarily
re%lact the metabolic severity of the diseass process,
but rather relate to the underlying pathological process,
This may render indices such as the Wayne index misleading
in individual cases as a measure of the severity of

thyrotoxicosis.

What is required is a meavure of the metabolic
impact.of the disnnrder. 1t seemed that degree of weight
loas might zfford a measure of the severity of the
condition and a metabolic correlate of weight loss was
sought. In the light of reports of increased zinc losses
in malnutrition)@‘Rmashiarkovﬂ(135), the metabolism of

this metal was studied in patients uwith thyreid dicease.

Plasma zine levels and 24 hour urinary zinc outputs were
measured in 24 thyrotoxic and ten hypothyroid patients.
The findings were related to thyroid status, hormonal
parameters, weight changes and to a scale assessing
acuteness and severity of the mwetabolic response to hypere

or hypothyroidisme

PATIENTS & METHODS

Thirty-four patients with unequivocal clinicel evidence
and bicchemical confirmation of hyper- or hypothyroidism
were studied. Hyperthyroid patients were selected on the
basis of fairly severe symptomatology, particularly of rapid

uweight loss.
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patients were scored on the Wayne Index (17,56) as a
first approximation of the clinical severity of thyroid
malfunction. They were also assessed on a scale designed
to give a measure of acuteness and severilty of the
metabolic response to thyroid over- or underactivity(Fig.25).
This rating wes composed of rate of weight change (amount
of weight gain or less: duration of symptoms), basal
(resting) heart rate, Fasting plasma cholesterol; ssrum

thyroxine level and serum tri-icdothyromine level.

Plasma tevels aof zinc and 24 hour urinary zinc

excretion were measured by the method of Peaston (217).

Zine clearances (ml/min) were calculated as rate of
urinary excretion over 24 hours (ml/min) x urinary zinc

concentration 4+ plasma zinc concentratian.

Serum thyroxine levels were measured by the Thyopac 4
(Amersham) method and serum tri-iodothyromine (T3) lavels

by a radio-immunoassay procedure,

serum cholesterol was measured on semples obtained after

a 12 hour fast by the automated method of Annan and lsherwood (9).

Twenty~two patients were studied as outpatients and 12 as
inpatients. All the patients were female, except for four
thyrotoxic ones. Ten healthy subjects, clinically and
biochemically euthyroid ,served as controls. The mean age and
ranges for hyper-, hypo~ and euthyroid control groups were
similar. A1l subjeects studied had normal renal function as
judged by plasma urea levels and creatinine clearances

performed at the time of the zinc clearance studies,

RESULTS

Table 34 lists relevant data for subjects grouped according

to thyroid status. Zinc clearance; but not plasma zinc levels
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are significantly higher in thyrotoxic patients compared with
euthyroid or hypothyroid subjects (P 0.001) The measured
parameters of zinc metabolism do not differ significantly in

euthyroid and hypothyroid groups.

Table 35 details the degree of correlation between zinc
clearance and ather measures of thyroid ststus in thyrotoxic
patients, flate of weight loss shows the best correlation
(r = 0.92). The Wayne Tndex scaore correlates rather poorly
(r = 0.61) whereas there is a highly significant correlation
(r = 0.86) between the score for the indax of severity and

acuteness of metabolic response shown in Fig. 25,

Correlations for hypothyroid patients are not significante.
1t proved impossible to assess accurately the duration of
syinptoms as onset was usually insidious and so rate of weight

gain could not be estimated with any accuracy.

DISCUSSION,

It is perhaps surprising that, despite widespread interest
in zincuria, as an indicator of catabolism (135), few studies
have been performed in thyrotoxic patients who would seem to
of fer a good‘model for tissue catabolism. 0One study did report a
fall-in red cell zinc concentrations in thyrotoxics and
considered this a possible specific action of thyroxine on

red cell zinc metalloenzymes {218).

This present investigation has demonstrated a significantly
higher zinc output in urine in thyrctoxic patients compared to
euthyroid or hypothyroid patients. The correlation between
clearance and Wayne Index score was poor, possibly because
the Index contains items (e.g. wocular signs) that relate
more to the underlying pattiogenesis of the discorder than to
the severity of the metabolic changes induced by elevated

hormone levels. The best correlation was with rate of weight
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mwww wow @ nryniry signiticant correlation with the rating
devised to estimate the aculeness and severity of the

body's metabolic respaonse to thyrotoxicosis.

No significant correlations were found in the ten hypow
thyroid patients, though five of them hag marked weight
gain { > 12:5 Kge)e The onset of the disorder was insidious
and Lhe duratien of the disorder uncertain, and this may
explain the lack of positive findings. It may be that a
study of zinc metabolism in "acutely™ hypothyroid patients

would show evidence of zinc retention.

Plasima zinc levels were maintained in thyrotoxic
patients (no significant difference from levels in euthyroid
controls) despite the increased urinary losses. Dividing
zinc clearance by creatinine clearance did not affect the
significance of the correlations, and suggests theat the
increased urinary zinc loss is .ﬂﬁﬁ due to a renal effect of

thyroid hormones,

The data presented here suggests that urinmary zinc losses in
thyrotoxicosis are correlated with catabolic status and not a

specific effect of thyroid hormones on, say, zinc metalloenzymes.

1t has been suggested that tissue catabolism releases amino
acids and ather constituents into the circulation; these compounds
form stable co-ordination compounds with zinc., Normally, some 10%¢
’of total plasma zinc exists in this form in equilibrium with a
further 60-70% of plasma zinc loosely attached to plasma albumin.
The remaining plasma zinc is largely present in chemical combination
as part of thes metalloprotein }-2 macroglobulin (67,100). The
main excletory pathway for zinc is wvia the gut. Renal losses are
in the form of low molecular weight complexes as these alone
normally pass the glomerulus. The excessive losses

dascribed in severe thyrotoxicosis in this study indicate an




increased loss of tissue breakdown products or an
alteration in the squilibrium with albumin-bound zinc.

This point appears worthy of further study.

No clinically significant conseguence of increased
zinocuria was ncoted in the thyrotoxic petients,; bubt it
seems likely that the occurrence of thyrotoxicasis in
paticnts with malabsorption of zinc, phenylketonuria,
prolonged parenteral nutrition, or other conditions
wheré zinc is deficient (87,100) will exacerbate the

latter disorderse.

This investigation suggests that measurement of
zinc losses in thyrotoxic patients may offer a measure
of the "metabolic stress" of the disease process and
permit grading of thyrotoxic patients in terms of

severity of the impact of the disease on the body.
CONCLUSTON,

These two studies, which Form Section D of this
thesis,; offer methods of assessment of patients! response
to thyroid malfunction and may permit selection af "at
risk! patients, sequential meessurement of therapy in terms
of change in severity of the condition and may, particularly,
of fer objective evidence for the physicians's assessmant

of his patient,
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SELTION L

THYROID AND HEART

INTRODUCTIONM

This section consists of 2 psarts. It is partly
speculative but important in that it examines some

aspeclts of the reletionship betwsen thyroid and heart.

whereas the typical appearance of the young woman
with QGraves'! disease presents little diagnostic difficulty,
older pstients - and such patients formed the buli of
those participating in the Trial -« often have occult
thyrotoxicosis until a2 cardiac problem is precipitated.
The cafdiac complications of thyrotoxicosis are a major
source of the morbidity and mortality that still attends

this disease.

part I examines the evidence fFor the clinical entity
of thyrotoxic cardiomyopathy and describes an animal study

pertinent to the concept.

In part 11, thz relationship between lipid and lipoprotein
metabolism and thyroid status is explored with particular
emphasis on the acceleration of coronary atherosclerocsise.
Studies on patients with compensated euthyroidism and
subclinicel hypothyroidism {(see page 73 ) eare adduced and

the possible risks of delaying thyroxine replacemant theragy

argueds
SECTION £
PART I. THYROID AND HEART : THYROTOXIC CARDIOMYDPATHY

Thyrotoxicosis 1s an important factor in the producticn
of atrial fibrillatian - 13% of the patients in the Trial

were in atrial fibrillstion -,in the production of cardizc

L




gnlargement - 8% of 165 x~rayed had cardiomegaly =,

and in the production of congestive cardiac failure

- 6% were in failure at diagnosis. There is still,
however, considerable uncartainty whether thyrotoxicosis
per se is responsible for these manifestations,; that

is, it is still a matter of dispute as to whether there
is a distinct entity of heart disease caused by
thyrotoxicosisy a "thyrotoxic cerdiomyopathy'. Symptoms
such as dyspnoea or palpitation are common in
uncamplicated thyrotoxicosis and so the term thyroid
heart disease is generally restricted to patients with
thyrotoxicosis and atrial Fiprillation or congestive

cardiac failure,.

The vast majaority of patients with thyroid heart
disease have evidence of associated coronary,hypertensive,
rheumatic or syphilitic heart disease. Kepler and
Barnes (147) found evidence of orgasnic heart disease in
67 per cent of 27 cases of fatal thyrotoxicosis where thers
had been congestive cardiac failure. Maher and Sittler (176)
found organic heart disease in 75% of 180 cases of
thyrotoxicosis, including all 38 patients with congestive
failure and 41 out of 42 patients with atrial fibrillstion.
Despite the lack of definite evidence in support of a unigue
thyrotoxic cardiomyopathy, some workers believe in the
entity and have adduced the occasional case as such an

entity (60, 132).

However, dsfinlie proof of such an entity would require
vigorous exclusion of other possibilities and the author is
unawars of any patient with presumed thyrotoxic cardiomyopathy
who has, for instance, had normal coronary arteries
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demonstrated by angiogrephy.

The increasing incidence of thyroid hesrt disease
with age (it is exceptional under the age of 40 years)
and the reduction in the usual predominance of females
in Graves' disease to around 2«3 to 1L in thyroid heart
diseass may be explained in the terms of the rising
incidence of significent coronary artery disease with

age and thoe greater predilection for males to be so affected.

Thyrotoxicosis increases body metabolism and lays an
increased demand on the heart which has to incresse outpul
and deal with an increased venous return. If the demands
are outwith the heart's capacity to meet them rhythm upsets
or failure will developy however, the cardiac reserve is
such that these events are likely to supervene in a heart

already diseased.

It is, howsver, established that thyroid hormones
have direct action on carﬁiac muscle with augmentation
of contractility (35%5) and on the canduction system with
accelerated A-V nodal conduction (76,117). The possibility,
therefore; exists that atrial fibrillation, cardiomegaly
and failure may be the results of a true thyrotoxic cardic-

myopathy.
The possibility was further examined in two wayss
1. CLINICALLY.

Qver three years, forty*thyrotnxic (including 24 previously
thyrotoxic) patients under the age of 35 were seen and
examined for possible thyrotoxic cardiomyopathy. Nine presented
with atrial fibrillation (2 had cardiomegaly on chest X=Tay)
2 with cardiac failure and 7 were noted to have incidental

cardiomegaly on chest xwray. 12 patients had evidence of
* 24 were women, 1€ men.
i bad




pre-nxisting cerdiac discase, particularly, rheumatic

fever (8 cases), atrial septal defect (1 case)

hypertension (1 case essentlal, 2 renal aetiology), 7 patients
had a histary of respivatory or urinary infections

shortly before Lhe onset of cardiac complications andg 2
patients had o family history of premature ischaemic

heart disease (one paticnt had a Ila hyperlipoproteinacmia
and the other manifested a [1Ib psttern subsequent to being
euthyroid (on thyroxine}. This group contained all
thyrotoxic patients with cardiac abnormality except 3

with radiclogical svidence of cardiomegaly. In 3 patients
with cerdiac enlargement (all male) no evidence of coe=
existent cardiac disease was found and screening for a
family history of coronary arterydisease or cardiomyopathy
and for hyperlipoproteinaemia was negative. This offered
suggestive evidence that cardiomegaly might be induced

directly by thyrotoxicosis,

2. This possibility was examined further in a laboratory study.
ANIMALS AND MLTHODS.

18 male Wister rats were fed 36U)ng° tri-iodothyronine
daily in their drinking water for sixteen weeks. 18 controls
received drinking water with no additive. The rats receiving
the hormone showed little cobjective evidence of disability
initially in the first month but subsequently they became

sluggish and irritable.

6 rats on T3 werg sacrificed at 16 weeks and weighed.
The hegzart weights and D.N.A. and R.N.A. contents were measured.
6 controls were similarly treated.

6 rats on T3 were sacrificed and samples of left ventricle
examined by electronmicroscopy for evidence of cellular
structural disorder. A group of & control rats were similarly

examined.
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FIGURE 26.

b e e s i

ELECTRON MICROSCOPIC VIEWS OF LEFT VENTRICLE FROM
‘ THYROTOXIC RAT HEARTS.

(A) and (B) aAve general views of rat left veatricular sections
after 3 months on 360 ne T3 per day. (Magnification x 13,000).

The apparent mitochendrial disorganisation is probably .
af%efact e to incomplete penctration of the glutaraldebhyde
prescrvative, There does, however, appear to be a consistent
tendency to mibtochondrial "clumping" in the hyperthyroid
animals. . '

Myofibriilar structure and membrane organisayion are
mainta ined,.

(C) and (D) are views of ieft ventricle from control
(magnification x 6,000) and hypevrthyroid (magnification x 8,400)
rate left ventricle respectively.

Mitochondria are well preserved with intact cristae in
_the hyperthyroid specimen. Disorganisation in the control animsl
is probahly artefact., The hyperthyroid specimen shows an erythro-
cylte in a capillary.

Overall structure is prescrved.

(E) and (F) are Turther views of control (ﬁagnification x 6,000)
and hyperthyroid (magnification x 10,750) rat. left ventricle.

Structural ovder is maintained except for mitochondrial cristae.

et E——e

To obtain hetter fixation, several anaesthetised rats were snb-
mitted to thovacotowmy and perfused with gluteraldehyde preservative
via and aortic cannula at a pressure of 100um.lg. The cerebral vessel

and dictal aorta were ligated and the great veins sectioned just

prior to retrograde coronary perfusion.




(G) (magnification x 22,750) and (H) {magnification x
22,750) are views Trom a control and hyperthyroid rat
(720iyg T3 per day), respectively. Mitochondrial architecture
is hetler preserved with this method of fixation.

The presence of an erythrocyte in a capillary suggests
sfill incomplete perfusion, and, possibly, prior administration
of a vasodilator would enhance perfusion.

The overall appearances offeir no evidence for thyroid
hormone-~induced structural danage. The mitochondrial
clumping is possibly part of the adaptive changeg of left

ventricular hypertrophy.
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6 rats on ‘]‘,5 for 16 weeks were btransferrved back to
normal drinking water and after a further 12 weeks were

gacrificved with 6 control rats. Hearts and animals

were welghed and heart DNA and RNA content measured.

Samples of left ventricle from rats on TS and from
controls were stained with hasmatoxylin and eosin and

examined Tor evidence of myocytic replication.

Treatment with TS for 16 weeks induced frank left
ventricular hypertrophy (increase ofew s 50%) with
concomitant increases in protein (i.e. weight), D.N.A.
and R,ﬁhn. content (Table 38). However, the mode of
hypertrophy is questionable because no light microscopical
evidence of myocyte replication (mitosis or polyploidy)
was detected with only one possible multinuclgate cell
observad in 18 slides. This raises the possibility that
hypertrephy is due to cell enlsrgement rather than division
though Linzbach has shown fairly convincing evidence of
cell division in hypertrophy due to hypertension (1l68a).
However; D.N.A. content ( mg./gm. tissue) is elsated and
this suggests that division has occurred, though this may

be limited to the connective tissue noiety.

f.lectronmicroscaopy failed to demonstrate any structural
change. In particuler, mitochondrial cristae were intact.
It is known that thyroid hormone has potent effects on the
mitochondrial respiratory enzyme change but no mitochondrial

structural damage was observed (Figure 26).

Interestingly, there was evidence of regression of

hypertrophy (though not to completely normal levels) after
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cessation of tri-iodothyronine. This would support the
thesis that thyrotoxic cardiomegaly may be a reversible
entity and not necessarily an indicator of thyrotoxic
cardiomyopathy. Further studies such as the use of
tritiated thyridine to detect and localise nuclear

changes would be of interest in this model.

The aetioclogy of the hypertrophy produced by thyroid
hormone may be multiple. ~ It may be due, for example,
to the circulatory changes induced by the condition,
with increased volume load; augmented contractility and
tachyecardia playing a part by imposing on the heart a
demand for more energy output and, in turn, an adsptive
growth response. Blso direct metabolic effscts of
thyreid hormone may be involved with activation of D.NJ.A.
and R.N.A, synthesis, stimulation of mitochondrial respiration
and activation of membrane ATDasa’all potential inducers

of adaptive growth changes (50).

Faced with these many potential factors in producing
cardiac hypertrophy, it is impossible to delineate an
aetiology for the much rarer (and doubtful) entity of
thyrotoxic cardiomyopathy. gne may speculate that if the
entity exists its rarity suggests the regurement of a further
factor in addition to thyrotoxicosis - possibly a latent
cardiac membrane or enzyme disorder which is activated by

thyrotoxicosis and only then manifests its presence.

PART IX« THYROID AMD LIPID METABOLISM.
A, LIAID ABNORMALITIES IN THYROTOXICDSIS.
Measurement of total fasting plasma cholesterol levels
in thyrotoxic patients (see Table 7) confirmed the frequently

reported finding thet cholesterol levels are significantly

~
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lower than in cuthyroid patients. These studies wers
axtended to an investigstion of free fatty acid levels and

lipoprotein lipase levels in thyrotoxic patients.
PATIENTS AND METHODS

Ten female patients clinically and biochemically
thyrotoxic in the age range 60-70 years were sslected for
study.

Fasting venesamples were taken into £.D.T.A. anticoagulated
tubes, 5000 units of heparin given intravenously and repeat
blood samples teken exactly 15 minutes later, Samples
were spun at 3000 rep.m. immediately and the decanted plasma
cooled to 4°C. in an ice bath. The samples were transported

to the laborstory at 49C. and processed.
b

Fasting free fatty escid levels uwere measured by the Dole

method (64).

Lipoprotein lipase activity was assayed by the wmethod
of weir et al. (298), specimens being stored frozen until

they could be processed together,

pre~ and post~heparin plasma samples were wormed to 37°C.
in an incubator over 30 minutes and lipase activity measured

(see page/7).

In the light of the findings these studies were repeated
on 8 thyrotoxic patients in atrial fibrillation, all female,
in the age group (6576 years) prone to ischaemic heart
disease, on digoxin but pot on beta-adrenoreceptor blocking
agents. All these patienté were normotensive and had no
evidence of rheumatic fever.

7 thyrotoxic patients presenting with congestive cerdiac

failure were similarly studied . These patients were on
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diuretics, digoxin (five) and were all female. The age

range was 04<72 vears.

RESULTS.

Fasting plasma free fatly acids in thyrotoxicosis were
found tou be elevated above the values of a euthyroid control
gréup (same age range and sex) - P & 0,001, SGimilarly,
posteheparin lipolytic activity was found to be augmented in

the thyrotoxic group - P 0.001.

These findings are detailed in the table opposite (Table 39).
Patients in fibrillatiuvn or failure demonstrated similar
findings and were not significantly different on measuraed
parameéers from the thyrotoxic group with no overt cardiac

pathology.

The possible significance of the increased fetty acid
levels in thyrotoxicosis was evaluated as follows. Fabty
ecids are considered by some workers to be important
dysrhythmic agents, particularly in the context of myocardial
infarction, where gliver et al. (210,155) contend that they
play a major role in the causation of major dysrhythmias
following infarction and so predispese to sudden death.

Thare is experimental evidence that very high levels of

free fatty acids are arrhythmogenic in animsls but the
significance of the levels attained in humans after infarction
(due to stimulation of lipolysis by catecholamines) is
uncertain (212,213), as the levels attained ars much lower
than these produced in animals. Moreover, the reserve

of albumin binding sites for mopping up relessed fatty ecids

is relatively enormous (266).



The significance of fatliy acid levels in inducing
atrial Tibrillation in thyrotoxic patients wes evalusted

in the light of the preceding remarks.

Ne significant differences were; in fact, found between
ary of the three groups studied « in particular, patients
présentinq with atrial fipbrillation were not significantly
different in terms of circulating fatity acid levels or lipase
activity from thyrotoxic patients with no overt cardiac

patholoyy or thyrotoxic patients with cardiac failure.

These findings suggest that elevated fatty acid levels
probably do not slay a significant role in the ceusation
of "thyrotoxic fibrillation®. One might speculate that
they are a relatively harmless aspect of the hypermetabolism

and weight loss due to thyrotoxicosis.

PART 1.

Be THYROID AND ATHEROSCLEROSIS.

1t is wellknown that frank hypothyroidism is attended
by an increased risk of accelerated coronary atherosclerosis.
This is considered to be due to induced hypercholesterolaemia
(79, 179, 93) and altered metabolism of potentially atherogenic

material.

The author's interest in this aspect of thyroid disease
was stimulated by clinical observations on a 51 year old
woman. This patient presented in 1872 with angina of effort
and was found on lipoprotein screening to have a Type Ila
hyperlipoproteinasmia. She was trested with Trinitrin for
angina and with a low cholesterol diet supplemented subsequently
by the bile sequestrant cholestyramine. There was little
response to this therapy over a two year period with serum

lipoprotein parameters remaining persistently abnormal. The
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The paltient was seen by the author in 1974 and was
considered to be possibly hypethyroid. R PBI-127 assay
performed in 1972 as a routine screen gave a value of
284 nmol/(. (within rormal rarge). Full hormonal sssay
in 1974 gave frankly hypothyroid results - T4321 n&ol/L,
T 0.10 nmol/L, TSH 'y S0 mu/L.  Thyroxine replacement
therapy was caultiously instituted,; eventually reaching a
dose of 0.15 mg/dayo Serum parameters on this dose are
T

~ 162 nmo/f|, « Lo nmo/L, TSH 10 mu/ml. Qver a

4 T3
nine month perniod total serum cholesterol and LDL cholesterol
fell progressively and are now well within the normal rangsa.
1t is probable that renﬁerigg the patient vintually euthyroid
has ceused a reduction in her totsl body cholesterol mass

with normalisation of serum values. The patient is at present

being taken off cholestyramine to see if her values stay

normale

PATIENTS AND METHODS

Studies were performed on two groups (all female) of
patients to characterise the significance of ssrum thyroid
hormone levels in hypothyroidism. The first group consisted
of 20 patients with clinicslly overt and biochemically confirmed
hypothyroidism, The second group was composed of 12 patients
clinically euthyroid but biochemically frankly hypothyroid
(Table 40). Fasting lipoprotein profiles (Fredrickson
classification) were performed on all these patients and,
when abnormal, wasre repeated on at least one further occasion

to confirm the findings,

Lipoprotein classification of fasting plasma was performed
by the standard method of ultracentrifugation (92) and assay
of cholesterol in the subfractions by a modificaticn of the

Pearson reaclion as described below.

~t
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The reagents consist of diluent composed of 257 acetic
acid (50 ml.) in acetic anhydride (150 mi.) with 7.5
tolugpe«pwgulphaonic acid as colour stabilissr. The acid
reagent is 15% sulphuric acid in diluent (4.9 wml. conc.

2 Bk Le ] MG ) .
H,50, + 25,5 ml. diluent)

The standard cholestercl soclution consists of
209.5 mg. cholesterol in 100 ml. diluent. This allows for
the final volume after colour development being 4.4 ml.
for the standard and 4.2 ml. for the serum. The standard

cholesterol sclution is 200 mg./100ml.
(The reagent is dengerous and must be pipetted carefully}d.

Standards and blank are set up thuss

TEST STANDARD BLANK
02 mlessrum 0.2 mle.standand
2 ml. diluent 0.2 ml.water
2 mle diluent 2 ml.diluant

There is a time lag of several seconds boefore z resction
takes place ceausing generation of considerable heat ; the
contents of each tube are mixed by careful shesking and
allowed to cool ta 37% in a water bath. Add 2 ml. acid

reagent and again mix contents of the tube.

There is an initial precipitetion of piokein and this
redissolves readily. The tubes are all incubated in a
water bath at 37°C. for 10 minutes. A green colour develops
which is stable for about 10 minutes and thereafter begins to

fade slouwly, For this resascn it has been found best to run
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determinations in batches of eight. I1f more than one
batch has to be carried out a standard 8 blank should bLea
included each time. The optical densities are read against

the blank at 425 mgs. on an §2 60&
CALEULATION

mgn  cholestervl/100 ml. serum = 0D Tesht sol.
e ! X 200
0D Stendard Snl.

Total serum triglyceride was assayed by the method of

Kessler and Lederer (148)

The intravenous Intralipid tolerance test was performed
as previously described (p.75 ) in 5 paticvnts from egach

group.

These studiss were repeated when patients were euthyroid

on thyroxine replacement therapy (0.15 - 0.20 mg./day).

RESULTS

15 of the 20 clinically and biochemically hypothyroid
patients had hyperlipocproteinzemia results - 8 showed =z
Type 11la abnormality, 2 a IIb pattern and 9 a Type 1V patitern.
All 20 patients had abnormal intralipid resulls indicating a

decreased utilisation of triglyceride.

flepeat lipoprotein profiles three montns after full
replacement therapy had been instituted, showed normal
profiles for all but two patients -~ one had a mild Type IV
abnormality (probatly related tocbesity) and ore a conbinuing
Ila pattern. This last patient has a family history of

ischaemic heart disease and is now on a low cholestercl diet.

Of the 12 patients with biochemical but not overtly
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clinical hypothyroidism, six had asbnarmal phenotypes -

two & Ila patterny, 2 a ITh pattern and 2 a Type IV pattern.
The mean levels for total cholesterol and triglyceride

and subfractions were lower than in Group 1 paralleling
the degree of thyroid hormonal abnormality. All these
abnormalities reverted to normal with adequete replacement
therapy. Seven patients had abnormal Intralipid

tests,.

Thoese rnesults emphasise the importance of routine
hormonal screenirng to detect subclinical bypothyroidism
which may be a significant factor in producing clinical heart
disease by accelerating the atherosclerctic process. Bastenie
Bt al. (11,12,57) have emphasised this point and claim to
have detected a significant incidence of thyroid abnormality

in patients sustaining myocardial infarctions.

The data presented here is sufficient to emphase the

dangers of inadeqguate review of treated thyrotoxic patients.

THE SI1GNIFICANCE OF "COMPENSATED EUTHYROIDISM"

There is some dispute as to the significance of an
elevated TSH value in a clinically euthyroid individual with

thyroxine and tri-iodothyronine valuas in the normal range.

Onc report suggested that; in post-therapy patients, this
finding could persist for several years and did not indicate an
increased risk of the patient develcping frank hypothyroidism

(274) - see page7g o

This, hocwever, was a retrospective study with the potential
for bias in patient selecticn. The author's prospective study
of a group of these patisnts carried out over a period of one
year suggest they do, in fact; develop hypolthyroidism at a

greater rate than patients with normal TSH values, This suggests
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Lhat such patisents should perhaps be commenced on thyroxine

replacement therapy at this stage.

As this state of '"compensated euthyroidism®™ is probably
an intermediate stage on the way to frank hypothyroidism,
it is interesting to search for any metabolic abnormalities
that may indicate a degree af hormonal insufficiency even

though this conditiaon is termed "cowmpensaled®.

A significant incidence of abnormality was noted, particularly
with the intravenous Intralipid test (psge75). This supports
the contention that such psatients may be at risk from
abnormal intermediary metabolism and may run an increased
risk of atherosclerosis. Tt would appear wise to commence
such patients on replacement therapy as scon as TSH levels

are raised.

Furthermore, it has been claimed that women with elevated
TSH levels have elevated prolactin levels (due to TRH
stimulation) and run an increased risk of prometion of
carcinoma of the breast(96,197), though this is still an
unsettled issue (307). This may be another valid argument
for advocating early replacement therapy in female patients

with "compensated euthyroidism",

CONCLUSTON TO PART 118B.

These studies indicate that thyroid discrder is a
continuous spectrum with larye parts of the spectrum dependent
on full hormonal characterisation for detection. These oceoult
abnormalities have heen demonstrated by the author to carry =z
high incidence of disordered’intermediary metabolism. This
underlines the importance of adequate hormonal assessment of
patients with possible thyroid disease and the need for prompt

hormonal replacement therapy where indicated.
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TENTATIVE CONCLUSTONS TO THIS STUDY

1311 therapy is the potential treatment of choice For the

majority of thyrotoxic patients by virtue of its efficacy.
simplidty of adwinistration and lack of serious sideweffects,
particularly in regard to cercinogenesis. The major
drawback to its use is the risk of hypothyroidism. The
present study heas demonstrated fairly conclusively that
iodine«l25 offers no obvious advantage in this regard. The
question therefore arises, can we improve the mode of

usage of iodine-131 7

Throughout the Triel of iodine~125; the suthor found
only one patisnt who, when started on thyroxine replacemsent
therapy, failed to take it and this failure was the result
of the patient's genuine misunderstanding of the lifelong
nature of such replacement therapy. Similarly, two years!
attendance at a general thyroid clinic confirmed the impression
that patient non-compliance was very rare. This accords with
the findings of Safa who found 91.5% of patients treated
with iodine~131 and given replacement therapy were still taking
it, all the others but one having stopped on the advice of
their physician(250a). This indicates that thyroxine
replacement therapy is simple and well adhzsred to. Furthermore,

with present day assays of Tq’ 7., ana TSH, it is possible to

3
gauge replacement dose accurately so as to give doses in the
euthyroid range and avoid subclinical hyper- or hypo- thyroidism.
fAlso, the use of zinc clearance measurements or, more so, STI
measurement permit a measure of the cardiac response to thyroio
hormone levels and may assist in adjusting replacement therapy.

it saems an attractive policy to deliberately adopt thyroid

ablation as the goal of radioiodine therapy and to destroy



e

the thyroid as soon as feasible with largish dose(s) o
iodine-~131; su as to permit early institubion of raplacement
therapy, prompt discharge of the palient from the clinic and
reduction of time losbt off work, patient inconvenience and
thyroid clinic load. The potential dangers of subclinical
hypothyroidism of "compensated suthyroidism™ and the author's
experience in csrdielogy clinics where there is a steady
trickle of trested thyrotoxic patients presenting with
cardiac complications of undetected hypothyroidism,support
this approach to thyrotoxicosis. Studies are needed of
the optimum dose regimes that should be adopted in such an
approach. Careful monitoring would he required to detact
ally increase in the incidence of carcinoma and leukaemia
that might result from the increased body irradiestion

(1.7 Rads to the marrow per millicurie) from higher therapy

doscese
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