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INTRODUCTION 

Since the advent of the atomic pile with the 

resultant availability of pile produced radioactive 

iodine, investigation of thyroid metabolism has pro-

gressed rapidly. Conoomitant with this speedy ext�n-

sion of knowledge has been the change in attitude to-

ward therapy ot hyperthyroidism, a better understanding 

ot the expected results from such therapy and the intro

duction ot new modes ot treatment. Since the etiology 

of hyperthyroidism is not well understood, the thera-

peutic approach is direoted against the main target or-

gan ot the disease, the thyroid, rather than the specific 

cause. This thesis deals with the therapeutic approach 

to hyperthyroidism inasmuch as it is concerned with 

rad1oaot1ve iodine. 

* * * * * * * * * 
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IODINE AND THYROID METABOLISM 

Since radioiodine is so closely tied to thy

roid metabolism in diagnostic value, it seems proper to 

introduce the subject ot this paper with•a briet survey 

of iodine and thy'roid metabolism. 

In thyroid hormone manufacture, the prelimi

nary step involved is the transferral ot serum iodine 

to thyroidal iodide and its transformation into iodin� 

tor synthesis into thyroxin. Since many tissues have 

been shown to have the ability to manufacture thyroid 

hormone if sufficient iodine is present, then that 

which sets the thyroid aside from other tissues, is its 

ability to concentrate iodine. 

The next step to be accomplished is to trans

form the iodide taken up by the thyroid gland to iodine 

tor its introduction into the tyrosine molecule •. This 

is thought to take place under the influence of an 

oxidative process and an oxidative process has been des

cribed by Dempsey (8) in 1944, although some take 

exception to this view. Once di-iodotyrosine is formed, 

two molecules of it combine to form thyroxine through 

an oxidative coupling with the elimination of one side 

chain. From here, thyroxin is transferred to the 

colloid of the gland in the form of thyroglobulin for 



storage or 1t 1s secreted directly into the blood stream.  
Thyroxin is released trom thyroglobulin by a process ot

proteolysis under the influence ot thyrotropic hormone. 

When drugs of the thiourea group such as 

thiouracil or propylthiouracil are introduced, the manu

tacture of thyroid hormone is interrupted. The essen

tial feature of this effect is the blocking of the or

ganic binding ot iodine to tyrosine. The exact mecha

nism is not known, but it may be that the thiurea acts 

to inhibit oxidation, possibly of a peroxidase system, 

if this is actually the system tor iodide conversion. 

Organic binding resumes within a matter ot a tew hours 

after the administration ot a single dose of the drug. 

It the drug administration 1s continued long enough so 

as to induce a decrease in the circulating th1roid hor 

mone, the pituitary will be stimulated to produce more 

thyrotropin. This will, in turn, stimulate the thyroid 

gland to gross hyperplasia and w111 increase its ability 

to concentrate iodine. However, this iodine is in an 

inorganic form and cannot be utilized to form thyroid 

hormone. 

The means by which the rate of thyroid hor

mone manufacture is controlled is obscure, but it seems 

likely to be mediated by the pituitary. That the funda

mental control of the thyrotropin hormone output may 



rest in the hypothalamus is suggested by the observa

tions of Jensen and Clark (18) that thyrotoxin labelled 

with rad1o1od1ne oan be localized there. Recent experi

ments, notably by Greer (9), indicate that the pituitary 

may seorete two factors, a growth factor which is able 

to increase thyroid cell size, and a metabolic faotor 

which controls iodine metabolism. The growth factor is 

dependent on direct contiguity with the hypothalamus 

tor its secretion, while the metabolic factor appears to 

be independent of hypothalamic connection. 

The explanation of the well-known effect of 

iodine in pharmaoolog1oal amounts, in certain cases of 

hyperthyroidism, is not well understood although its 

efteot is mediated through interruption of organic bind- 

ing of iodine to tyrosine as does thiouracil. It is 

apparently related to the amount of iodine contained in 

the thyroid gland and not the amount circulating in the 

blood stream. It has long been observed that iodine 

has an involuting effect upon the hyperactive thyroid 

gland, and it is further postulated that iodine may in

terfere with the action of thyrotropin on the thyroid 

gland. 

The exact mechanism by which thyroxine exerts 

its effect on tissues is not known although it is 

apparent that tissue metabolism is controlled through 



regu1ation of enzymatic activity. It has been suggested 
  

that its activity could be exerted either as a sort ot

co-enzyme or indirectl7 through the release of some 

metabolically active substance. Because of the small 

amounts o! thyroxin available to the various tissues, 

some have felt it unlikely that thyrox1n acts directly 

with each of several enzyme systems. However, some 

recent experimental work by Gem111 in 1952 shows a 

direct participation by thyroxin in two enzymatic mecha

nisms and suggests that it may act as a mediator between 

substrates or co-enzymes and cytochrome c, aiding not 

only oxidation but phosphorylation as well. 

* * * * * * * * *



HISTORY 

Roentgen treatment has been used tor hyper

thyroidism tor many years. In 1923, Means and Holmes 

{19) pointed out that in this type of treatment, about 

one-third of the patients are cured, another one-third 

improved, and the other third not effected. Since 1923, 

ordinary iodine by mouth has been used as a preoperative 

method by quieting the hyperactive thyroid in prepara-

tion for surgery. Under iodine alone, occasionally the 

patient and the doctor alike bave been agreeably sur-

prised to find that the symptoms and signs of hyperthy

roidism have disappeared, and a permanent remission was 

apparently effected. That X-ray treatment and iodine 

treatment sometimes oure hyperthyroidism led to the hope 

that someday a more ettective non-surgical method would 

be found. Then, the MacKenzies• and Astwood (19) dis

covered that several chemical compounds inhibit the 

function ot the thyroid 1n hyperthyroidism as well as 

under other ciroUllatanoes. Several ot these agents have 

been investigated and, until now, thiouracil has been 

found to be most useful in the treatment of thyrotox1-

cos1s. 

Induced radioactivity was discovered in 1934 

and that same year, Fermi and his co-workers in.Italy 
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prepared radioactive isotopes of iodine. Because the 

thyroid absorbs iodine selectively, it seemed likely 

that beta rays from iodine rendered radioactive would 

have a greater radiation effect than that delivered 

from roentgen rays derived through the skin and overlay

ing tissues. 

The use of radioactive iodine in the study of 

thyroid physiology was soon undertaken and reported 

first 1n 1938 by Hertz, Roberts and Evans (12). Subse

quentl7, these and other investigators used various 

isotopes of radioactive iodine as tracers tor the study 

of thyroid function, and it was found that in untreated 

hyperthyroidism, the thyroid may take up to as much as 

90 per cent of a small dose (less than two milligrams) 

ot iodide within a few hours after oral administration. 

This established the basis for therapeutic trials ot

radioactive iodine. 

In 1942, at the annual meeting of the 

American Society For Clinical Investigation, Hamilton 

and Lawrence (11) reported that in a series of.experi

ments with radioactive iodine with the collaboration ot 

Doctors Soley and Eichorn in which two dogs and a series 

of rabbits were given large doses of radioiodine, the 

net effect was the nearly complete destruction of the 

thyroid gland and no evident damage to other body tissue. 
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This was followed bf smaller doses of radioiodine 

given to a series of three hyperthyroid patients. Mark-

ed clinical improvement was noted within two months with 

no adverse effects. Two of the patients had nearly com

plete remission 1n four and a half months, and the third 

required another small dose. At the same time, Hertz 

and Roberts (12) published a preliminarf report of the 

treatment in this manner of ten patients. In this ser-

ies, the procedure was to give the radioactive iodine 

and follow this with ordinarf iodine bf mouth for a 

period of several months. However, a revue of these 

cases of Hertz and Roberts, and an additional eighteen 

cases of Hertz following this, led to the conclusion 

that it was difficult to decide whether those patients 

who improved were responding to ordinary iodine, to 

radioactive iodine, or to their combination. The dos-

age given to this series of patients averaged five 

milliouries in 1941, ten mill1cur1es in 1942, and 14.5 

millicuries in 1943. The largest single dose being 

21 millicuries. 

* * * * * * * * * 

-8-.



I 

PHYSIOLOGICAL AND BIOLOGICAL EFFECTS 

OF RADIOACTIVE IODINE 

The biological effect of radiation, indepen

dent of the type of radiation that 1s used, is the same 

on all body tissues. Radioisotopes are like radium and 

X-ray in that it undergoes continuous disin�egration

with a resultant emission ot radiation. There are two 

important types ot radiation emitted. These are beta 

and gamma rays. Beta radiation consists ot high speed 

electrons of variable digress of energy which are nearly 

all absorbed within one centimeter of the tissue. Gamma 

rays resemble high voltage X-rays and, generally speak

ing, have a much larger range of penetration and 

biological effect than beta rays. Radioactive iodine 

131 emits a feeble beta ray which is entirely absorbed 

within 1-2 millimeter of tissue, and a gamma ray equiva

lent to a 370,000 volt �ray, although the gamma ray 

makes up only about 15 per cent ot its total energy. 

Radioiodine 131 dissipates halt of its energy in about 

eight days (half-lite). The therapeutic action ot all 

radioactive materials results entirely from the radia

tion emitted and their physiological effect depends upon 

the selective localization of the isotope within the body 

of the patient. The conduction of the radioactivity to 

selected tissues is the only importance of the chemical 
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agent used. Thus, the biological effect of the emitted 

radiation will depend upon the assimilating tissue and 

the dosage given. Suppression of mitosis, reduction of 

functional activity in the tissue, and even oytocidal 

disintegration ot radiosensitive neoplasm will occur, 

depending on the dosage of radiation delivered. 

Dailey, Lindsay, and Miller (6) have found in 

a histological examination ot the thyroid ot twenty

three hyperthyroid patients of which twenty-one received 

a therapeutic dose and all but two became euthyroid, 

that seven patients were hyperplastic and no definite 

radiation effects were noted. Nine of those treated 

had lesions identical with Hash1motos 1 thyro1d1tia. 

They state that the high incidence of thyroiditis com

pared with non-irradiated hyperplastic glands is signi

ficant and that it suggests that Hashimotos• thyroiditis 

1s one effect of internal radiation with iodine. Four 

of the patients showed multiple nodules and showed 

moderate follicular atrophy of the residual gland tissue. 

This atrophy, it was believed, was the result of irradi

ation injury. Diffuse follicular atrophy and fibrosis 

was displayed by three patients. This is considered the 

classic lesion of irradiation. Vascular lesions in all 

the cases examined was minimal and seemed to have no 

relation to the regressive thyroid lesion observed. 
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Finally, hyperchromatio and pleomorphio alterations ot 

the thrroid epithelial cells observed by these workers 

in this study, were not believed to be directly related 

to irradiation. 
* * * * * * * * * 
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DOSAGE DETERMINATION OF RADIOACTIVE IODINE 

Werner and his group (30) were among the first 

to work out an accurate means ot determining the dosage 

requirements for rad1oiod1ne 131. Although, at the pre

sent time, there is considerable variation from any sin

gle mode of oaloulat1on, still their work acted as a 

guide and aid for the practical use of the isotope. 

At the start of their work, no adequate method 

of dosage planning was being used. There was no estab

lished standard tor the determination ot milliourie 

activity. Various laboratories showed large and varied 

discrepancies in the activities characterized as •one 

millicurie•. This discrepancy did not stem from any 

conflict over the physical definition ot the millicurie, 

but to the variation 1n the practical application of the 

instruments used and the absence of an authoritative 

control standardization bureau. L. D. Marinelli did 

much to improve this situation through the use of the 

ionization chamber measurement. 

Determination of therapeutic dosages involved 

taking into account glandular uptake and subsequent 

gradual loss following this, as well as the amount of 

energy dissipated from the radioactive isotopes. 

Werner based his calculations on the tact that it a 
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relatively small organ would assimilate one microcurie 

in a uniform concentrat ion and the isotope undergo 

total decay there, then the organ will receive a total 

radiation dose of 160 equivalent roentgens (e.r.). 

This dose will be reduced to about 120 e.r. in a toxic 

gland due to the gradual loss of the isotope. Earlier 

cases treated with the t welve-hour isotope appear to 

have received 2000 to 4000 e.r. When radiation is 

delivered more slowly, a s in the eight-day isotope, the 

same effect can be dupli cated only by increasing the 

total number of r oentgens, thus a dose of 3000 to 5000 

e.r. wa~ deemed necessary, assuming a 60 gram thyroid, 

an uptake of 50 per cent of the administered material, 

and a gradual loss by eli mination from the gland, a 

dose of about four millicuries would be calculated to 

deliver this radiat ion. Werner started treatment on all 

cases at this dosage regardless of gland size with the 

realization that di fferences in gland size, radioactive 

uptake would lead t o large variations in the actual 

radiation received, and t hus, an estimation of clinical 

response to various doses could be made. 

Tracer doses were not always given in the 

earlier cases of advance therapy. However, at t h e pre

sent time, most clinics ar e using this method to get an 

idea of uptake and t hus, a djust the dose. The radio-
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active material was given by mouth, in water solution, 

the iodine being carrier free. The four m1llicur1e dose 

contained only about 0. 03 micrograms of iodine which is 

well below the normal daily intake of the element. How

ever, recent investigat ions by Werner, Hamilton, and 

Nemith {29) obser ved the effects of repeated tracer doses 

on hyperthyroids in the absence of other therapy, have 

shown that these tracer doses can have a marked effect 

on the patient. In a series of twenty-nine patients who 

received diagnos t ic dos es of radioiodine 131, eight of 

the patients experienced complete remission, three, 

partial _recovery, and eighteen, no improvement. Of the 

six children used, four received complete remission. 

The conclusions r eached from this studY was that diagnos

tic doses of radi oiodi ne have significant therapeutic 

effects in some hyperthyroid patients. Thus, the con

clusions reached where some other agent or procedure was 

used in the treat ment of hyperthyroidism and followed 

with tracer doses of r adioiodine, must be reevaluated, 

such as in Boston where Hill, Reiss, Forsham and Thorne 

{13) used ACTH and cort isone followed with diagnostic 

doses of radio1od1ne f or the treatment of hyperthyroidism 

and obtained clinical r elief. 

This s t udy al so emphasized the fact that hyper

thyroid children tend t o respond fairly consistently to 
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the lower levels of radioiodine therapy which would 

afford a simple and psychological non-taumatic method 

of therapy if the fear of cancer could be overcome. 

Clinical protecti on of the epiphysis of the cervical 

vertebrae would have t o be guarded against in this type 

of treatment however. 

Estimat ing t he size of the gland prior to 

treatment was done by Werner (30) with the aid of plastic 

models of the thyroid. These ranged in size from twenty

five to one hundred grams. By palpation and comparison 

with the plastic models, size could be determined with 

the realization of the lack of accuracy of the method. 

The radioiodine uptake of the gland was taken 

at given intervals by the Geiger counter at a definite 

distance (fifteen centimeters). By means of these mea

surements over several weeks , the biological half-life 

of the iodine in the gland was determined. This is the 

rate of decrease of radi oactivity due to a combination 

of physical decay and physiological elimination and must 

be known for dosage calculation. 

Urinary excretion was followed for 24 or 48 

hours as a check and dosage was calculated by Werner 

according to the f ormula : 
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Equivalent roent gens: 
biological 

microcuries a dministered x % uptake x half-life x 160 
gms thyroid wt 8.0 

Miller and Sheline (22) at the University of 

California, in an effort to find an acceptable thera

peutic dose of radioiodine in hypert hyroidism, used a 

series of eighty-eight patients where the dose was given 

as millicuries of orally administered radioiodine per 

estimated weight of thyroid tissue with no account taken 

as to the amount of uptake or effective half-life. They 

concluded that i t took at least ninety microcuries per 

gram of thyroid t issue as an initial dose to obtain a 

remission, that no pati ent became hypothyroid with an 

initial dose of l ess t han 130 microcuries per gram; that 

in some cases, a permanent remission was obtained between 

the above levels. Of t hose patients receiving less than 

110 microcuries per gram, 90 per cent required further 

radioiodine therapy. Thus, in treatment of diffuse toxic 

goiter, Miller i s using an initial dose of 120 micro

curies of radioi odine per gram of thyroid tissue.· 

Hunt (15) found a variation of from 40 to 240 

microcuries of r adioiodine per gram of thyroid with an 

average of 120 mi crocuries per gram of gland. Remission 

was rarely obtained wi t h less than fifty, and a below-
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normal BMR was occasionally obtained with doses over 

120 microcuries per gram. Thus, Hunt has standardized 

the initial dosage in diffuse toxic goiter at about 80 

microcuries per gram and about 120 microcuries per gram 

in toxic nodular goiter. 

As previously mentioned, errors in the thyroid 

uptake of radioiodine may be made by previous treatment 

with anti-thyroid drugs such as thiouracil, thus, wrong 

conclusions may be reached concerning thyroid activity 

with diagnostic doses of radioiodine. It is generally 

accepted that any anti-thyroid therapy be discontinued 

ten days or more prior to the isotope therapy in order 

to allow the dormant pituitary to respond with secretion 

of thyroid stimulating hormone and reactivate the 

thyroid. 

Special knowledge and instruments are employed 

in use of radioisotopes in clinical practice. For detec

tion and measurement, the Geiger-Mueller counter is the 

most common instrument i n use. This instrument is not 

only used for standardi zation and assay of radioisotopes 

but also in determining dosage retained or excreted and 

for the detection of radioactivity of objects in con

tact with the isot opes. 

* * * * * * * * * 
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CLINICAL DATA ON TREATMENT OF RADIOIODINE 
WITH RADIOIODINE 

H.B. Hunt (16), at the University of 

Nebraska Hospital, feels that diffuse toxic goiters, 

recurrent postoperative goiters, and small nodular goi

ters are best tr eated by radioiodine. At this clinic, 

therapeutic dosages ar e contraindicated in pregnant 

women because of the a s similation by the fetus, lactat

ing mothers who are breast-feeding because of the secre

tion containing t he isotope and in large, toxic nodular 

goiters because of the possibility of cancer, the in

creased amount of radi oiodine needed to cause a remission 

and the slow response t o treatment. Thyroids with single 

nodules, no matt er what the size of the gland, should be 

resected for eval uation and treatment because of the 

high incidence or cancer. 

Through 1950, Hunt (15) has treated sixty 

patients. Of these, f orty-two patients had diffuse toxic 

goiter. Half of these had clinical remissions with de

creased goiter s i ze in two or three months following a 

single therapeut i c dose. Of this group, two patients 

developed a mild hypothyroidism requiring thyroid extract. 

Of the toxic nodular cases, determination of 

the therapeutic effect of radio1odine is not as clear 

cut because of a ssociat ed conditions such as cardiac 
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conditions. Impr ovement in these cases require a long

er period, up to five months with repeated doses, as a 

rule. However, s ignifi cant hypothyroidism has not been 

seen even in tho se cas es which require several treat

ments. 

The evaluation of the sixty cases treated has 

shown no serious compli cations. A transient thyrotox1-

cosis may occur during the first few weeks following 

therapy. Irradia tion breaking down the thyroid hormone 

released during t reatment is the explanation of this. 

Anti-thyroid ther apy of propylthiouracil following radio

iodine treatment tends to relieve this. Hypoteyroidism, 

as shown above, i s a complication in a small percentage 

of the cases. Th ese ca ses have all been treated effec

tively with thyroid extract. An increase in the 

severity of exopt halamus is no more frequent than those 

cases treated sur gicall y. 

Since 1950, the University of Nebraska clinic 

has treated thirt y addi tional thyroid patients (exclud

ing those who fo r some reason or other, no clinical 

evaluation could be made; such as death due to accidents, 

etc.). Seven of them were men and twenty-three, women. 

Four were from s eventeen to twenty-one years of age, 

nineteen from twenty-one to fifty years of age, and 

seven, above fif t y year s of age. Of these patients, 
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thirteen had toxic nodular goiter and seventeen had 

diffuse toxic goiter. Clinical remission was noted in 

fifteen of the diffuse goiter cases. One patient with 

a psychic overlay is showing slow response and one 

patient showed remission, but failed to show improve

ment in an exopthalamus. The therapeutic response of 

the nodular goiters showed twelve of the thirteen 

patients with clinical remission. The remaining pa

tient had received prior anti-thyroid medication with 

a consequent 60 per cent uptake of radioiodine and only 

one dose. One patient developed signs of hypothyroidism 

but is asymptomatic now with thyroid extract. 

Werner (28) in collaboration with Q).iimby and 

Smith have reviewed their results in Presbyterian 

Hospital from 1946 to 1951 with the following results: 

During the first two-year period, the patients 

received one or two doses within a three to four milli

curie range. Of this group, two-thirds were in remission 

following one treatment, and about four-fifths following 

a second. No permanent hypothyroidism was noted. 

A widened dosage range was used during 1948-49, 

and up to three t herapeutic doses used as needed. 

Remission was noted in 90 per cent of the patients treat

ed. However, about 7 per cent of the patients developed 

permanent hypothyroidism. 
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Currentl y, Wer ner has been using a dosage 

range of from two to twenty millicuries and, after three 

therapeutic doses , 70 per cent had clinical remission. 

Permanent hypothyr oidism developed in 6 per cent. Many 

of the last-named group received anti-thyroid therapy to 

establish transient cont rol during the latent period be

fore the radioiodi ne therapy took effect. The lower 

remission percentage was felt due to the increased num

ber of toxic nodular goi ters treated. 

The results suggested that a single dose of 

radioiodine 131 may be somewhat more effective than when 

followed immediately by such agents. 

Werner has avoided, for the most part, the · 

treatment of toxic nodular goiter because of the unre

liability of response to the isotope, larger total dos

age, and the pos sibili t y of substernal extension. He 

believes the possibilit y of missing a malignancy in the 

gland should not be given serious consideration as a 

contraindication in the use of radioiodine for it is 

statistically no great er than in toxic diffuse goiter 

(1 per cent in ei ther case). The possibility of malig

nant change following euthyroidism due to the internal 

radiation, is a t hreat which Werner is taking into con

sideration, especially in lieu of the fact that larger 

therapeutic doses are necessary in this group. 
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In his treatment of thyrotoxicosis, Werner 

states that due t o idiosyncrasies in individual patients 

it has been necessary to limit the dosage for the first 

and sometimes the second dose. Resistant glands are 

then treated with doses up to twenty millicuries of 

radioiod1ne. 

Complications included 6 per cent hypothyroids, 

all of which obta ined clinical relief with thyroid ex

tract. Advancing eye signs were occasionally seen in 

treatment of mali gnant exopthalamus. Werner's group 

advise the use of small repeated doses, undue risk to 

the eyes can be avoided. They also found that heart 

failure may occur in a border-line compensation and,, 

occasionally, a f lare-up in toxicity may result. 

Muscle cramps, acute thyroiditis, and psychotic 

changes are lesser changes which may occur following 

therapy. 

Biopsies up to five years following treatment 

reveal cell dest r uction followed by fibrosis. No malig

nant changes have been noted. 

Contraindications for the therapeutic use of 

radioiodine other than nodular goiter, according to 

Werner, are after the s econd month of pregnancy and the 

breast-feeding mother. 

Chapman, Maloof and co-workers at the thyroid 
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clinic at Massachusetts General Hospital have puqlished 

their results with the treatment of radioiodine for the 

last twelve years, the first two years of which patients 

were treated with the twelve-hour isotope, and the last 

ten years, with radioiodine 131. Since the early years, 

the age barrier has been somewhat less restricted due 

to the lessening of fear of a carcinogenic effect. 

Chapman in contra st to Hunt and Werner, will treat preg

nant women up til l the fourth month. However, Chapman 

does not feel the radi oiodine 131 should be used thera

peutically in the treat ment of simple or multiple nodu

lar goiter becaus e of t he high incidence of cancer in 

single nodules a nd the fact that multinodular goiter 

may diminish litt le in size following treatment and may 

also harbor a car cinoma . 

This clinic advocates an initial dosage figure 

of 160 microcuri es per gram of thyroid. This is based 

on an assumed average 48-hour retention of 70 per cent 

of the previous t racer dose. Six to twelve months are 

allowed before a second dose is administered which is 

usually as grea t or greater than the initial dose. 

During the t en-year period, Chapman treated 

400 patients, 305 of which responded to one dose and 

50 responded to t wo to four doses. Nineteen of the 

patients still ha d toxi c symptoms six months following 
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treatment; five were operated on after failure to re

spond; and twenty-one died of other causes. 

In this group, myxadema developed in an 

average time of four to nine months following treatment 

in 8 per cent of t he patients. 

The Chapman group concluded that radioiodine 

131 therapy is a s low bi ological response and the 

patient's ability to respond may occur over several 

months' span. They have found myxadema to occur many 

years after therapy. Thyroidal studies following treat

ment has revealed several patterns. The patient may be

come myxadematous , euthyroid, or persist in hyperthy

roidism with the usual i ndicies. However, Chapman has 

found discrepancies in the indicies of function in two 

groups: First, i n sever al apparently euthyroid patients 

with tracer doses under 20 per cent, serum PBI levels 

less than three micra per 100 milliliters and BMR 1 s 

above negative 20; and secondly, in those patients who 

are toxic with a high serum PBI level and a high BMR but 

with a normal thyroidal uptake of rad1oiod1ne. 

Of thi s group, forty-four have been studied 

histologically. Fibrosis and cellular damage resulting 

in bizarre nuclear forms have been noted; yet, some of 

the remaining fo l licles appear hyperplastic. No malig

nant change were noted. 
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Clark a nd Rul e (5) treated 384 cases of 

hyperthyroidism with f ollow-ups of from six to sixty 

months. Two hundred and four were diffuse toxic glands 

and one hundred and eighty had nodular glands. 

At the present time, they advocate an initial 

dose of 150 microcuries per gram of thyroid on patients 

under forty and approxi mately 250 microcuries per gram 

on those over for ty wi t h diffusely enlarged glands. 

Patients with nodular glands receive from 300 to 350 

microcuries per gram. Four weeks are allowed before 

radiation therapy if t he patient has been receiving anti

thyroid drugs. 

Those patient s receiving one or two doses ob

tained remission in 76 per cent of the cases. The re

mainder, except t or one case, required three to seven 

doses. Eighty-fi ve per cent of the patients had a 

satisfactory remission, while over thirteen per cent 

developed varyi ng degrees of hypothyroidism, although 

only 1 per cent had permanent myxadema. 

Of tho se trea ted who had exopthalamus, 19 

per cent had complete regression and 58 per cent had 

varying degrees of improvement. Three cases developed 

a unilateral exop thalamus following treatment. Hypo

thyroidism and t he above three cases were the only 

· complications observed. 
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Clark advocates surgery for patients under 

forty years of age with uncomplicated primary or 

secondary hyperthyroidism and in those with solitary 

nodules. 

* * * * * * * * * 
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SUMMARY 

1. In evalua tion of thyroid activJty and for 

treatment of thyr otoxicosis by radiation, radioiodine 

is an efficient t reatment. Clinical remissions of 

hyperthyroidism obtained by radioiodine are comparable 

to those treated by su~ total thyroidectomy; furthermore, 

treatment can be appli ed readily to inoperable and re

current cases. 

2. The uptake of radioiodine is high in 

hyperthyroidism when i t is needed and is low enough when 

thyroid function is normal, so that it 1s difficult to 

cause hypothyroidism if a normal gland is treated. The 

thyroid in Graves disea se can concentrate about 10,000 

times more radioiodine than any other tissue. 

3. Nearly 85 per cent of the radioactivity of 

radioiodine is i n the form of beta rays which travel 

less than two millimeters, tissue adjacent to the thyroid 

are not damaged. 

4. Tracer doses prior to treatment are of 

great importance in det ermining the clinical activity of 

the thyroid, although pr evious thyroid treatment with 

antithyroid drugs may hamper accurate thyroid pick-up 

determinations. 

5. Ther apeuti cally radioiodine works best in 
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diffuse toxic goiter, postoperative recurrent goiters, 

inoperable thyrotoxicosis, and toxic multinodular goi

ter although, the latter requires increased dosages and 

treatment is generally prolonged over a longer period of 

time. Malignant exopthalamus proves to be no greater 

hazard with radioiodine than with surgery. 

6. Radioiodine is contraindicated in non

toxic goiters, t hyroids with single nodules, and in 

breast-feeding mothers. It is generally contraindi

cated in children and during pregnancy; although, some 

clinicians administer it during the early months. 

7. Therapeutic doses of radioiodine cannot 

always be accurat ely determined. Patients tend to vary 

in response to a given dosage. Where one patient may 

respond with clinical r emission to a partic_ular dose, 

another may show defini te signs of hypothyroidism. The 

final determinat i on mus t be left up to the clinician. 

8. Complicat ions with radioiodine are rela

tively few, hypot hyroidism being the main offender. 

Most patients developing this entity, however, are not 

permanent and the administration of thyroid extract 

usually corrects the condition. Occasionally, patients 

develop thyroid s torm and increasing eye signs. A few 

patients fail to show any clinical improvement. 

9. Hi s tologi cally, the typical picture is 
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fibrosis and diffuse follicular atrophy following treat

ment with radioiodine. Although, occasionally bizarre 

nuclear forms are seen, no cases of primary malignancy 

developing from a thyroid treated with radioiodine have 

been reported. 

* * * * * * * * * 
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CONCLUSIONS 

Since radioi odine was first described for its 

use in treatment of hyperthyroidism, great advances have 

been made both i n the determination of its specific 

action on the thyroid gland and the diagnostic and thera

peutic effect of its us e. 

Enough time has now elapsed that a fairly 

- accurate clinical assay can be made and conclusions 

drawn as to its effect on the physical make-up of the 

individual. 

Radioiodine i s advantageous in that it is a 

form of internal radiation which is selectively absorb-

ed by the thyroid gland. Thus, external complications 

which occasionally occur with external radiation as it 

passes through the skin and outer structures is considera

bly reduced. 

The fact that the effective rays of the radio

iodine are 85 per cent beta rays which have a very 

localized effect i s advantageous in that the surrounding 

tissues are minimally ef fected. 

It has proved to be an effective agent as an 

diagnostic aid and as t h e therapeutic agent in the treat

ment of diffuse t oxic goiter, recurrent goiter, non

operable thyrotoxioosis, and in many cases of multi-
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nodular goiter. In the treatment of the above con

ditions, there has been no deleterious effects of the 

radioactivity on other body tissues or has there been 

any cases of primary cancer traced directly to the 

action of radio1od1ne. 

Radioiodine has the added advantage of being 

convenient to the patient in the form of no hospitali

zation, little discomfort, and the relative cheapness 

of the treatment. 

Radioiodine haa several disadvantages which 

should be mentioned at this time. The effect of the 

isotope may be bl ocked by iodine given in various ways 

prior to therapy , as in iodine medication, in radio

opaque materials or, more recently, in iodinated 

thioureas. 

In nodular goiter, up to the present time, 

two other disadvantages must be considered in this 

type of treatment . The tendency to slow response even 

under large doses, and the failure to remove the 

nodules completely thus leaving the door open for car

cinoma. 

Even though there is no direct evidence at 

the present time that malignancy follows radioiodine 

treatment, still t he hjstiologic response of the cell 

structure of the gland i tself indicates that nuclear 

-31-



changes are not a lways inconsistent with that of pre

cancerous changes, thus this form of therapy is still 

contraindicated 1n chil dren. 

Finally, ther e may still be difficulty in 

obtaining the isotope f or treatment and its storage 

requires extreme care and adequate equipment. 

* * * * * * * * 

-32-



BIBLIOGRAPHY 

1. Barker, s. B.: Mechanics of the Action of the 
· Thyroi d Hormone, Physiol. Rev. 1951, 31:205. 

2. Brues, A. M. : Biological Hazards and Toxicity of 
Radioa ctive Isotopes. J. Olin. Investig., 
1949, 28: 1286. 

3. Chapman, E. M. and Evans, R. D.: The Treatment of 
Hypert hyroidism with Radioactive Iodine. 
J.A. M. A., 1946, 131:86-91. 

4. Chapman, E. M.: Maloof, F.: Maisterrena, J.: 
Martin, J.: Ten Years' Experience with 
Radioa ctive Iodine. J. Olin. Endocr. & Metab. 
1954, 14:45- 55. 

5. Clark, D. E. : Rul e, J. H.: Trippel, O. H.: and 
Cofrin , D. A.: Five Years• Experience of 
Treatment of Hyperthyroidism with Radioactive 
Iodine, J.A.M.A., 1952, 150:1269-1272. 

6. Daily, M. E. : Li ndsay, S.: Miller, E. R.: 
Histol ogic Lesions in the Thyroid Glands of 
Patients Receiving Radioiodine for Hyper
thyroi dism. J. Olin. Endocr. & Metab., 
1953, 13:1513. 

7. Davis, H. H. : Analytical Survey of Goiter Manage
ment, Univer sity of Nebraska Hospital, 1935-
1944, Nebr. St. Med. J., 1946, 31:355-360. 

8. Dempsey, E. w.: The Clinical Cytology of the 
Thyroi d Gland, Ann. New York Acad. of Sc., 
1949, 50:336 

9. Greer, M.A.: The Role of the Hypothalamus in the 
Control of Thyroid Function, J. Olin. Endoorin 
and Metab., 1952, 12:259. 

10. Haines, s. F.: Th e Use of Iodine in the Treatment 
of Exopthalamic Goiter, 1948, 8:813. 

11. Hamilton, J. G.: Lawrence, J. H.: Recent Clinical 
Developments in the Therapeutic Application of 
Radioa ctive Phosphorous and Radioactive iodine. 
J. Oli n. Invest., 1942, 21:624. 

-33-



12. Hertz, s.: Roberts, A.: The Use of Radioactive 
Iodine in Therapy of Graves Disease. J. Olin. 
Invest i g., 1942, 21:624. 

13. Hill, s. R. : Reiss, R.s.: Forsham, P.H.: and 
Thorne , P.w. : The Effect of Adrenocortico
tropin and Cortisone on Thyroid Function: 
Thyroid Adrenocortical Relationship. J. Olin. 
Endocri n., 1950, 10:1375. 

14. Hunt, H. B.: Radioiodine and Radiophosphorous in 
the Treatment of Thyroid Disease and Blood 
Dyscras ias, J. Omaha Mid-West Clinical Soc., 
1948, 9 :97-101. 

15. Hunt, H. B.: Some Aspects of Thyroid Disease. 
Texas State J. Med., 1950, 46:805-808. 

16. Hunt, H.B.: Role of Radioiodine in Diseases of 
the Thyroid, Omaha Mid-West Olin. Soc., 
{Aug.) 1953, 3-7. 

17. Hunt, H.B.: Moore, R.C.: Hatchett, c.s.: 
Pederson, E.S.: Radioiodine in the Treatment 
of Thyroid Disease, Nebr. State Med. J., 1949 
34:416. 

18. Jensen, J. W.: Clark, D. E.: Localization of 
Radioactive Iodine-Thyroxine in the Neuro
hypophysis, J. Lab. & Olin. Med., 1949, 
38:663. 

19. Mack, R. s.: The Use of Radioactive Iodine in the 
Diagnosis and Treatment of Hyperthyroidism. 
Mo. Med., 1953, 50:267-271. 

20. McCullogh, E. P.: Radioactive Iodine in the Treat
ment of Hyperthyroidism, Ann. Int. Med., 1952, 
37:739-749. 

21. Miller, E. R.: Dailey, M.E.: McCorkle, H.J.: 
Evaluation of Treatment of Hyperthyroidism with 
Radioiodine, A.M.A. Arch Surg., 1952, 65:12-18. 

. 22. Miller, E. R.: Sheline, G.E.: Problems of Dosage 
in the Treatment of Hyperthyroidism, Radiology, 
1951, 5?:720-724. 

-34-



,, 

23. Nickerson, s. J.: Cosimetric and Protective 
Considerations for Radioactive Iodine, 
J. Olin. Endocrin., 1948, 8:721. 

24. Scott, w. G. : Obs ervations and Results in Treat
ment of Hyper thyroidism with Radioiodine, 
Am. J. Rad., 1951, 66:171. 

25. Smith, C. E. and Nadelhoft, J.: Effgrtive Half-
Life of Radioactive Iodine (I ) in the 
Hyperthyroid Gland, Lab. Invest., 1953, 
2:133-139. 

26. Soley, M. H. : Mil ler, E. R.: Treatment of Graves 
Diseas e with Radioactive Iodine, Med. Olin. 
N.A., 1948, 32:3-17. 

27. Tighe, Wm.: Temporary Hypothyroidism Following 
Radioiodine Treatment for Thyrotoxicos1s, 
J. Clin . Endocrin., 1952, 12:1220. 

28. Werner, s. C.: Results in the Treatment of Hyper
thyroidism wi th Radioactive Iodine, Mid. Olin. 
N. Amer ., 1952, 36:623-636. 

29. Werner, s. C.: Hamilton, H.: Nemith, M.R.: Thera
peutic Effect s from Repeated Diagnostic Doses 
of 1131 in Adult and Juvenile Hyperthyroidism 
J. Clin. Endocr. and Met., 1952, 12:1349-1355. 

30. Werner, s. C.: Quimby, E.H.: Schmidt, C.: Clini
cal Experience in Diagnosis and Treatment of 
Thyroid Disor ders with Radioactive Iodine. 
Radiology, 1948, 51:564-578. 

31. Williams, R. H.: Selection of Therapy for 
Indivi dual Patients with Thyrotoxicosis. 
J.A. M. A., 1949, 139:1064. 

* * * * * * * * 

-35-


	The Use of radioactive iodine in the treatment of hyperthyroidism
	Recommended Citation

	tmp.1676928604.pdf.vqCeg

