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Treatment of Hyperthyroidism: 
Use of 131 1 and 12s1 

The late occurrence of myxedema as a consequence of 131 I therapy for hyper­
thyroidism is the major concern in the present-day management of this condition. 
It is now over 30 years since the initiation of widespread use of radioiodine in 
therapy for hyperthyroidism. The rapid onset of myxedema in a significant 
number of patients following treatment was recognized at an early date. 1 The 
report of Beling and Einhorn2 in 1961 drew attention to the cumulative incidence 
of myxedema each year at a rate of 3 percent per year after the first year. Since 
then many others have confirmed this finding with incidence rates ranging from 2 
to 6.3 percent per year for longer than 15 years.3-8 

A review of post-thyroidectomy patients has revealed a cumulative incidence 
of late-onset myxedema in these patients as well, although at somewhat lower 
rates.4

•7·9- 11 Chemotherapy for hyperthyroidism probably results in no increase in 
myxedema as a late outcome, but there is a high recurrence rate in addition to 
problems encountered with side reactions.12 

Radioiodine therapy remains the treatment of choice for most patients suffer­
ing from hyperthyroidism. Various strategies are being undertaken by inves­
tigators to overcome the problem of late-onset hypothyroidism. This is of particu­
lar importance since 131 I is now used in the treatment of younger individuals with 
the former restrictions on use in patients under 40 years of age no longer applied. 
It is the purpose of this review to discuss the factors which may be important in 
the etiology of this complication and to indicate the approaches that have been 
used or proposed to overcome this problem. 

FACTORS RELATED TO POST-THERAPY HYPOTHYROIDISM 

Investigators who have reviewed their long-term experience have indicated a 
number of factors which appear to be important in relation to the development of 
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hypothyroidism. Consideration of these factors may yield clues to the etiology of 
post-therapy myxedema and lead to the development of methods to reduce its 
incidence. 

Size of gland. In all series reviewed in which this factor was taken into 
account, the incidence of post-treatment hypothyroidism was significantly greater 
in patients who had small glands, either nonpalpable or of normal size.H·6

•
7 The 

administered level of 131 I has been adjusted downward from the usual calculated 
amount in some series in consideration of this factor. 7

•
13 

In the review of their surgical series, Nofal et al.7 also described this feature, 
but normal sized glands were rarely operated on. 7 This may be a point of bias in 
favor of surgery when attempting to compare 131 I with surgery in relation to 
resultant hypothyroidism. 14 

Presence of nodules. The multinodular gland appears to be more resistant to 
treatment, whether it be radioiodine or surgery. It usually requires multiple doses 
of 131 I more frequently and has a much lower incidence of post-therapeutic 
hypothyroidism.2 ·r.-; Surprisingly, in patients with a single functioning nodule the 
incidence of subsequent hypothyroidism is greater.3•7 In these patients it would 
ordinarily appear appropriate to give large doses since the nonnodular tissue 
would be relatively spared. However, the same results are found following 
surgery .7 Therefore, the incidence of hypothyroidism must be related to some­
thing other than just the distribution of radioactivity in the gland following a 
therapeutic dose of 131 1. 

Age of patient. There is a suggestion that the thyroid of younger individuals 
is more sensitive to radiation than that of older individuals and in some institutions 
the dose is reduced somewhat for the younger patient. The study of Segal et al.3 
showed a slightly higher incidence of myxedema in the younger patients. In some 
series the 131 I-treated younger patients tended to have larger glands,4 whereas in 
other series these patients tended to be treated surgically. This factor can certainly 
bias results. N ofal et al.7 demonstrated a slightly higher incidence of post-therapy 
hypothyroidism in the younger age group with 131 I treatment, whereas the highest 
incidence following surgery was in the patients who were between 40 and 49 years 
when treated. 

Size of dose. The size of the initial dose does appear to have an effect on 
subsequent development of hypothyroidism and has been the basis for several 
series using lower doses to control the disease.13•1s- 19 This may possibly slow the 
rate of the late cumulative incidence, but it certainly reduces the incidence of 
hypothyroidism in the first year. It does result in an increased requirement for 
multiple doses. 

Number of doses. There is an inverse relationship between number of doses 
(and total doses) and the development of late-onset hypothyroidism in most 
studies.2

•
3

•
7

•
14 Usually patients requiring multiple doses had multinodular glands. 

In addition, response to the first dose selected out those patients whose glands 
were more radiosensitive. 
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Race. In two series race is taken into account. Apparently blacks are more 
resistant to therapy, requiring multiple doses more often than whites.8 In addition, 
there is less spontaneous, idiopathic, and post-therapeutic (1 31 I and surgery) 
myxedema in black patients.14 

Previous surgery. In all series the use of 131 I following a partial thyroidec­
tomy resulted in a greatly increased incidence of hypothyroidism.~4 

Size of postsurgical remnant. The size of the postsurgical remnant has no 
correlation with the incidence of subsequent hypothyroidism. 1

1.
20 

Immune status. The incidence of post-therapy hypothyroidism has been 
considered in relationship to a number of immune factors. 
· In the surgical series of Green and Wilson,4 there appeared to be a higher 
incidence of hypothyroidism in patients whose surgical specimens showed evi­
dence of focal thyroiditis. A slight correlation existed between focal thyroiditis 
and the titer in the tanned red cell agglutination and complement fixation tests. No 
consistent effect of operation on the titers was found. Others have also noted the 
associat10n of thyroiditis m the surgical specimens with postsurgical 
hypothyroidism.4

•
10

•
21 

On the other hand, in 131 I-treated patients, there was no correlation between 
the results of serologic tests and the clinical state following treatment. In addition, 
the 131 I therapy had no effect on titer levels in patients in whom this was tested 
prior to and 2 to 3 years after treatment.4 

The results of other studies are not clear. Burke and Silverstein22 demon­
strated a relationship between increased levels of circulating antithyroid an­
tibodies and 131 I-induced hypothroidism in the first year. Others have also found 
transitory increases in thyroid autoantibodies in the first year following 
radioiodine therapy for hyperthyroidism, greater in those becoming hypothyroid 
in the first year, but probably not significant for the occurrence of late 
hypothyroidism.23

•
24 

A lack of significant relationship of humoral antibodies to development of 
post-therapeutic hypothyroidism following 131 I has been found by others. 7 •25 •26 

There does appear to be a higher incidence of postsurgical hypothyroidism in 
patients who have high titers of antithyroid antibodies.25

•26 

Relationship to prior nondestructive therapy. Segal et al.3 found the lowest 
incidence of post-131 I hypothyroidism in patients who had received iodine or an­
tithyroid drugs and iodine prior to 131 1. The incidence in this group was 4.1 percent 
compared to 9.4 percent in those having no prior treatment and 23.6 percent in 
those who had prior drugs and destructive therapy such as x-ray and/or surgery. 

ETIOLOGY OF POST-THERAPEUTIC HYPOTHYROIDISM 

The reason for the high incidence of post-therapeutic hypothyroidism follow­
ing 131 I is still unknown, but a number of hypotheses have been proposed. Al­
though radiation effects may be a major cause, it does not explain why a similar 
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situation, albeit somewhat more mild, exists relative to surgical treatment. A 
means to reduce post-therapeutic hypothyroidism may be found when there exists 
a better understanding of the etiology of this complication. 

A thesis for the effects of 131 I has been proposed by Greig.27 The reproductive 
capacity of thyroid cells is more radiosensitive than the functional capacity. How­
ever, damage to the reproductive capacity is not manifest until the cell attempts to 
undergo mitosis, which may not occur for some years following 131 1. Some cells 
may die immediately. With time there is an increasing stress on the remaining cells 
with shortening of life span and inhibition of DNA synthesis under the influence of 
thyroid stimulating hormone.28 These cells then attempt to divide but die in the 
process, eventually resulting in hypothyroidism. 

Another possibility is related to the well-known late effects of radiation on 
blood vessels. The delayed development of endarteritis obliterans can result in the 
deprivation of an adequate blood supply to the gland. This, in tum, would lead to 
reduced function and/or cell death. 

Early hypothyroidism occurs when all the thyroid cells have received a lethal 
dose of radiation. Usually, however, the dose distribution is uneven throughout 
the gland resulting in a frequency distribution of radiation injury. The most 
marked irregularity in distribution of radioiodine occurs in nodular glands ac­
counting for the relative radioresistance of these glands and the low incidence of 
postradiation hypothyroidism. 

Hypothyroidism developing late after partial thyroidectomy remains unex­
plained in the light of the above thesis. It is possible that the remnant of gland is 
put under severe stress to maintain a normal level of function and eventually is 
"exhausted." Another factor may be increased scarring and consequent reduction 
in blood flow to the gland. These possibilities are generally unsatisfactory expla­
nations when considered along with the accumulated experience in this field. 

There is now important evidence that hyperthyroidism, like Hashimoto's 
thyroiditis, is a disease related to a defect in the autoimmune surveillance 
mechanism.2

9-
31 Although it is thought to be primarily a disease involving cell­

mediated immune processes, humoral factors may also play a role.32
•
33 Except for 

some mildly positive evidence in those patients developing postsurgical 
hypothyoidism, as stated above, the role of autoimmunity in post-therapeutic 
hypothyroidism is unclear. However, it has been suggested that with both surgery 
and radiation, partial destruction of the gland releases more thyroidal antigens, in 
tum leading to eventual complete destruction of the gland. 14 

It is difficult to determine the natural course of hyperthyroidism in the un­
treated individual in the modern era. Spontaneous remissions occur but the dis­
ease can readily have a fatal outcome. It is estimated that only about 1 percent of 
such cases would end up as hypothyroid.3 Therefore, the high incidence of late 
hypothyroidism cannot be attributed to the natural history of the disease or con­
sidered a fortuitous occurrence. Most likely it is related to the underlying etiology 
of the disease as well as to the treatment of it. 

THERAPEUTIC STRATEGIES 

Attempts to deal with the high incidence of postradioiodine hypothyroidism 
were energetically pursued by many investigators once this major complication 
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was recognized. Several strategies have evolved but long-term follow-up over 15 
to 20 years is required in order to be sure that any apparent improvement in the 
first few years is maintained. In addition, it must be ascertained that no selection 
bias, related to the several factors discussed above, will affect the results. 

Reduction of Initial Dose 

Estimation of the radiation dose delivered to the thyroid is difficult due to 
errors in estimating size of the gland by palpation, irregular distribution of 
radioiodine in the gland, and variations in biological half-life. In early series the 
activity delivered to the gland tended to be high (150 to 300 µ.Ci/g) resulting in 
radiation doses in excess of 10,000 rads. The result was a high incidence of 
hypothyroidism. 

Goolden and Fraser13 devised a treatment schedule which varied the 
radioiodine concentration per gram of thyroid depending on the overall size of the 
thyroid. With this method smaller glands received a lower radiation dose (-3500 
rads at 60 µ.Ci/g) than larger glands. Their previous schedule called for a uniform 
dose of 150 µ.Ci 131 I per gram except for glands estimated to be greater than 70 
grams, which were dosed to a level of 300 µ.Ci/g. Unfortunately, only 1-year 
results were reported. These showed a hypothyroidism rate of 5 percent compared 
to their previous experience of 17 percent at l year. However, at l year 38.5 
percent of the group were still toxic and required antithyroid drug therapy. 

Two other groups have demonstrated a reduced incidence of hypothyroidism 
at 5 or more years following initial 131 I treatment but at the price of prolonging the 
hyperthyroid status of some patients. Smith and Wilson16 reduced the rate of 
hypothyroidism from 29.0 percent to 7.4 percent at 5 years by reducing the esti­
mated radiation dose delivered to the thyroid from 7000 rads to 3500 rads. Further 
treatment with antithyroid drugs for persistent hyperthyroidism was necessitated 
in 43 percent of the high-dose group and 64 percent of the low-dose group. Appar­
ently, additional 131 I treatment was not administered for persistent disease. 

In the series of Cevallos et al. ,19 patients receiving 131 I at 160 µ.Ci/g had a 5.6 
year incidence of hypothyroidism of 45. 7 percent while 22. 9 percent required 
further 131 l. In their lower dose group (80 µ.Ci/g) the hypothyroidism incidence at 
5.5 years was 23.5 percent, and 26.5 percent required additional treatment. 

In both the series of Smith and Wilson and that of Cevallos et al. there was a 
continuing rise in the cumulative incidence of hypothyroidism, but the rate of 
increase was slowed in comparison with the high-dose group in the Smith and 
Wilson study. In the series of Cevallos et al. the initial incidence at l year showed 
a marked reduction in the low-dose group, but the rate of increase thereafter was 
higher than in the high-dose group indicating that at some time in the future the 
two groups would converge. 19 

Another group receiving 50 µ.Ci/g 131 I was reported by Rapoport et al. 17 These 
patients also had a low incidence of hypothyroidism but there was a high retreat­
ment rate. Since that report a dosage scheme was devised similar to that of 
Goolden and Fraser taking into account the increased radiosensitivity of the 
smaller glands.34 Results of this plan are not yet available. 

A rather successful long-term result has been obtained by J ackson18 with the 
delivering of 3500 rads (-40 µ.Ci/g) to a large series of patients. Approximately 38 
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YEARS AFTER 131 I TREATMENT 

Fig. 6-1~ Cumulative incidence of hypothyroidism in study of Glennon et al. (present 
study) compared with previously reported data. Solid lines indicate data originally reported 
using the life table method; broken lines indicate data recalculated from the reported data 
using the life table method. Reproduced with permission from Glennon J.A. et al., Ann. 
Int. Med. 76:721-723, 1972. 

percent required more than one dose. The IO-year incidence of hypothyroidism 
was an acceptable 18 percent.35 

Less satisfactory were the results of Glennon et al.36 who observed the results 
of a single dose of 3 mCi or less for up to 17 years. Although the incidence of 
hypothyroidism was low at 1 year (3.7 percent) and at 5 years (7.5 percent), there 
was an annual increase of 3.4 percent thereafter, equalling the rates for higher 
dose series (Fig. 6-1). This illustrates the necessity for long-term follow-up and 
suggests that the eventual cumulated incidence of hypothyroidism cannot be re­
duced by low dose 131 1. 

There seems to be no doubt that the incidence of hypothyroidism at 1 and 5 
years can be substantially reduced by lowering the administered dose of 131 I, but 
probably at the price of increasing the need for retreatment and prolonging the 
duration of hyperthyroidism for many patients. The longer term results at IO to 15 
years or more are not yet available in many of these series, and there is the 
suggestion in the data of Cevallos et al. that the differences due to the different 
dose regimens may be less marked at that time.19 The data of Glennon et al. 
indicate that the long-term follow-up does show a high rate of hypothyroidism 
even after low doses. 16 

Multiple Small Doses 

The advantage of using multiple small doses (less than 50 µ.Ci/g) is that it 
permits observation of the response prior to retreatment and permits individuali-
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zation of the treatment regimen for each patient. Again, it prolongs the time for 
most patients to become euthyroid, but the results in one such trial appear promis­
ing with only 3 percent hypothyroidism at 7 to 16 years following initiation of 
therapy in 334 patients.37 

High-Dose Radioiodine Followed by Replacement Therapy 

Since it is felt by some that every patient treated with 131 I will eventually 
become hypothyroid, and since the onset may be very gradual and unnoticed by 
the patient until the process is advanced, an opposite approach has been taken. 
Using an initial dose which is rather high (160 to 200 µ.Ci/g) causes rapid reversal 
of the hyperthyroid state with 90 percent of the patients controlled within 3 
months.38 Thyroid replacement therapy was instituted in the controlled patients, 
to be continued for the remainder of each patient's life. Although this approach 
appears to be practical in that it brings the hypothyroid state under rapid control 
and reduces the possibility of an advanced stage of unrecognized hypothyroidism, 
it is intellectually not satisfactory. This is especially true at this time when patients 
under the age of 40 years receive 131 I. In selected patients with cardiac disease and 
in the older age group this method is certainly a valid one. A continued search for 
a way to achieve a euthyroid state in each patient with hyperthyroidism is indi­
cated. 

Use of External Beam Irradiation 

The hyperthyroid gland is more sensitive than the normal gland to ionizing 
radiation. Radiation doses which do not affect normal rat thyroid cell function 
( 1000 rads, x-ray, or 5000 rads, 131 I) can have a marked effect on human thyrotoxic 
thyroid cells.39 

External beam therapy was used in the treatment of hyperthyroidism prior to 
the availability of antithyroid drugs and radioiodine.4

()...43 The older literature is 
difficult to evaluate precisely because of problems with specification of dose and 
in the diagnosis of thyroid status. However, it is apparent that the success rate in 
curing hyperthyroidism was good (80 to 90 percent) with doses probably under 
2000 rads to the thyroid. Post-therapeutic hypothyroidism appears to have been 
low, both short term and long term, but the adequacy of follow-up and ability to 
detect developing hypothyroidism are in question. 

It is of interest, in view of recent theories of the etiology of hyperthyroidism, 
that Groover et al.40 also irradiated the thymus in addition to the thyroid. 

On the other hand, much higher doses of radiation delivered to the thyroid in 
the course of treatment of malignancies in the pharynx and larynx produce only 
minor suppression of radioiodine uptake without long-term effects. A biphasic 
suppression is noted at 3 to 4 weeks and again at 3 to 4 months with slightly higher 
uptakes in the intervening period.44

'
45 Einhorn and Wikholm46 found only 3 cases 

of hypothyroidism 10 or more years following high-dose irradiation to 43 patients. 
However, they did demonstrate diminished reserve as evidenced by lack of re­
sponse to TSH stimulation in the clinically euthyroid patients. 

A more recent attempt to treat thyrotoxicosis with external beam therapy has 
been described by Philp et al.47 Cobalt 60 irradiation in doses of 115 to 900 rads in 
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28 patients failed to control the hyperthyroid state in 25. It is interesting that 3 
patients did become euthyroid with doses of 400, 600, and 800 rads. The trial was 
then abandoned. 

The advantage of external beam irradiation is the rather precise control of 
radiation dose. This permits the depletion of a specified fraction of thyroid cells, a 
situation not possible with an internally deposited radionuclide. 

Trotter and Willoughby48 have demonstrated a biphasic effect of radiation on 
thyroidal radioiodine uptake following a dose of 400 to 800 rads of 6°Co gamma 
rays on a portion of the thyroid. There is an initial 30 to 50 percent reduction in 
uptake, demonstrated on scans, which occurs at an interval of 24 hours between 
irradiation and administration of the dose. A slight compensatory increase in 
uptake is then noted for 2 weeks followed by a second decrease in uptake at 3 
weeks lasting for about 2 weeks. 

Fifty patients were treated with radioiodine following irradiation of a portion 
of the gland with 800 rads in the hope that the portion of the gland temporarily 
suppressed by 6°Co would take up less of a therapeutic dose of 131 I and thus be 
spared destruction. However, no difference in the rate of hypothyroidism was 
noted in the early results at less than 1 year. Further details have not been pub­
lished. 

With the development of accurate methods for localizing charged particle 
beams, there is the possibility of using the Bragg peak for precise delineation of a 
target area within the thyroid while sparing normal tissue. With such a beam of 
heavy ions it would be possible to selectively irradiate a portion of the thyroid 
while sparing the remainder, as well as adjacent normal tissues. This approach has 
not yet been undertaken. 

Use of 1251 

The highly energetic beta emission combined with the gamma photons of 1311 
results in a rather uniform distribution of the radiation dose in the individual 
thyroid cell. Since, as stated above, the reproductive capacity of thyroid cells is 
more radiosensitive than the functional aspect, it seems very unlikely that reduc­
tion of the functional integrity can occur following 131 I without subsequent cell 
death and eventual hypothyroidism. 

With 125 1 the situation is theoretically quite different. Most of the radiation 
effect is probably due to the very low energy conversion and Auger electrons.4~51 

The lower energy Auger electrons (0.~2.9 kev) are particularly abundant (Table 
6-1). The range of these electrons in tissue is very small (from < 0.4 to 20 µ,m). 
Since the radioiodine is primarily in the colloid, the radiation dose distribution is 
markedly nonhomogeneous, affecting the cellular cytoplasm at the apex of the cell 
to a much greater extent than the nucleus (Fig. 6-2). 

Dose estimates for whole-gland distribution can be in serious error relative to 
the microscopic distribution. Difficulties in calculation are evident because of the 
marked variation in follicle size and cell size in the normal and hyperthyroid gland. 
Several authors have made such calculations,4~54 and these have shown ratios of 
about 3-4 to I for the colloid-cell interface dose to the dose at the nucleus (Table 
6-2). 

Theoretically this concentration of dose at the colloid-cell interface should 
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Table 6-1 
Decay Characteristics of 1251* 

Radiation Energy (kev) N/100 Disintegrations 

Photons Gamma 35.4 6.66 
K,, 1 x-ray 27.4 76.15 
Ka2 x-ray 27.2 39.06 
Kp, x-ray 30.9 20.56 
Kii2 X-ray 31.8 4.26 
L x-rays 3.7 22.26 

Electrons Kint. conv. 3.6 80.0 } 
L int. conv. 30.9 11.42 ~I= 0.0151 
M int. conv. 34.6 1.9 

KLL Auger 22.6 14.16} 
KLX Auger 26.4 5.97 ~I= 0.0107 
KXY Auger 30.1 0.96 

LMN Auger 2.9 154.42} ~I= 0.0159 
MXY Auger 0.8 364.61 

*Half-life: 60.2 days. 

result in more marked effects on the site ofhormonogenesis than on the replicative 
capacity. Studies comparing the effects of 131 I and 125 I in animal systems have 
demonstrated recovery of function after initial suppression by 125 1. A more marked 
effect was seen on iodine-concentrating mechanisms than on goitrogenesis,5s-59 

and histopathological studies have confirmed the localization of dose.59 

The cell survival studies of Greig et al.57 are confirmatory. Only the work of 
Jongejan and Van Putten60 indicates an opposite conclusion. They found no dif­
ference in the 125 1/131 I ratio for administered levels of activity to produce identical 
effects on hormonal function and on cell killing. 

Fig. 6-2. Schematic representation of per­
centage distribution of electron radiation 
dose inside thyroid cell. The radiations ema­
nate from 125 1 in the follicular colloid. (Repro­
duced with permission from Lewitus Z. et al., 
Seminars in N ucl. Med. I :411-421, 1972.) 4°/o 

0 
150A 
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Table 6-2 
Calculated Radiation Dose to the Thyroid From 1251 (I mCi in a 20-g Gland) 

Initial Dose Rate (rads/day) 

Author 
Whole 
Gland 

Harper et al. 52 36,8 
Gillespie et aL 49 75 
Reddy et al. 50 

Gavron and Feige51 78 
Lewitus et al. 5~ 88.8 
Ben-Porath et al. 54 

MIRDt 72 

*Assumes T'/2 eff. of I 15 days, 

Colloid-Cell 
Interface 

170 
457 

63.6 
151.2 
77.8 

Whole 
Nucleus Gland 

795 
46 1620 

112 
32,4 1685 
37.2 1918 
25.9 

1555 

Total Dose (rads)* 

Colloid-Cell 
Inte1face 

3672 
9871 
1374 
3266 
1680 

tAuthor's calculation using MIRO tables for absorbed dose per unit cumulated activity,55 

Nucleus 

994 
2419 
700 
804 
559 

Several clinical trials of 125 1 for hyperthyroidism were initiated in the hope 
that late hypothyroidism could be substantially reduced (Table 6-3). These have 
varied in the dose of 125 I used relative to the conventional 131 I dose and the results 
have been mixed. At least two groups have discontinued their study because of 
lack of improvement in results. 

In Glasgow the initial trial used a dose in millicuries of 1251 four times the usual 
dose of 131 1. This resulted in a rapid reversal of the hyperthyroid state but with a 
substantial percentage of ensuing hypothyroidism. With reduction in the amount 
of 125 1 administered the incidence of hypothyroidism decreased, but with an in­
crease in persistent hyperthyroidism.6

2-
64 

On the other hand, Israeli investigators have used fewer millicuries of 1251 
than of 131 I, assuming a quality factor of 3 for the rad dose in the apical region of 
the cell from the low-energy Auger electrons.65 The relapse rate was high leading 
to the use of increased doses and finally to a combination of 1251 and 131 I in equal 
millicurie amounts.66 With this combined therapy it was felt that a rapid response 
by affecting hormonogenesis was initiated by 1251 and that long-term effects were 
maintained by the cell killing action of 131 1. This combination led to the lowest 
incidence of recurrence but without much effect on the incidence of 
hypothyroidism. 

A series of patients treated by Siemsen et al.67 initially showed a low rate of 
hypothyroidism but with a high rate of persistent hyperthyroidism. No further 
patients are being added to this study because of the conclusion that the results 
were no better than with 131 1. The series of Werner et al.68 and that of Weidinger et 
al.69 continue, and a recent study by Glanzmann and Horst70 shows promising 
results. 

In this last study there was no hypothyroidism at 18 to 24 months and 18 
percent persistent hyperthyroidism. Of those patients with persistent or relapse of 
thyrotoxicosis, more than 30 percent had T3 thyrotoxicosis. 

Another small series of patients was treated with 1251 by Gimlette and 
Hosch!. 71 The dose of 125 I was identical to the dose of 131 I used in a control group. 
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Table 6-3 
Results of 1251 Therapy for Thyrotoxicosis 

Author Radioactivity Level (N) 

Bremner et al. s.1 1000 µCi/g (18) 
600 µCi/g (86) 
300 µCi/g (193) 

Lewitus et al.$ 12-72 µCi/g (45) 
87-94 µCi/g (11) 
24-107 µCi/g 125l 

+ (43) 
35-100 µCi/g 131I 

Weidinger et al. 69 4-9.5 mCi (30) 
10-19.5 mCi (21) 
20-36 mCi (12) 
Total (63) 

Siemsen et al. 67 200 µCi/g (60) 

100 µCi/g (40) 

Glanzmann and Horst70 -50 µCi/g (99) 

Gimlette and Hoschl7 1 3-6 mCi (31) 

Euthyroid (%) 

64 
42 
64 

44.4 
54.5 

90.7 

73.3 
42.9 
50 
58.7 

71 
43 

82 

32.3 

Follow-up 
Hyperthyroid(%) Hypothyroid(%) (years) 

0 36 3.3 (ave.) 
24 34 3 (ave.) 
18 18 2.3 (ave.) 

48.9 6.7 0.5-2 •. 
36.4 9.1 ' 

2.3 7.0 
,., 

' 

20 6.7 
.,.,, 

38.1 19 0.3-4 
41.7 8.3 
30.2 I I. I 

; .. -·. 
24 5 1-2 
53 4 0.75-2 

18 0 1.5-2 

58 9.7 1.9-3 
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The study was discontinued after 36 months follow-up because of the high rate of 
persistent hyperthyroidism (58 percent) along with an incidence of 9. 7 percent 
hypothyroidism. This compares with 32 percent hyperthyroidism and 10. 7 percent 
hypothyroidism following 131 1. 

For full evaluation of 1251 more time must pass and the late results at 15 to 20 
years be apparent. Hypothyroidism following 1251 may be more transient than after 
131 1. Assessment of 125 I at this time does not appear to be particularly encouraging 
with regard to its ability to restore the euthyroid state without excessive 
hypothyroidism. 

CONCLUSIONS 

Hypothyroidism occurring within the first year of radioiodine therapy can be 
reduced by lowering the amount of administered 131 1. The incidence appears to be 
directly related to the dose in µ.Ci/g. 72 This probably reflects direct killing of 
thyroid cells or a mechanism related to interphase death. 

Late-onset hypothyroidism does not appear to be directly related to the ad­
ministered dose of radioiodine. It is probably a result of cell death during mitosis 
and may be related to biological factors affecting the rate of cell replication. 

This late-onset hypothyroidism remains a problem. The various methods that 
have been applied to reduce the incidence have had unimpressive results. The 
wide variation in results from one locality to another suggests that environmental 
and dietary factors may also be important. 

The differences between surgical and radioiodine therapy results may be due 
largely to a bias in selection of patients. If so, improved results with less post­
therapeutic hypothyroidism must await a better understanding of the etiology of 
thyrotoxicosis, and treatment must be directed toward that etiology. 

REFERENCES 

I. Chapman, E. M., Maloof, F.: The use of radioactive iodine in the diagnosis and 
treatment of hyperthyroidism: ten years' experience. Medicine (Baltimore) 34:261-
321, 1955. 

2. Be ling, V., Einhorn, J.: Incidence of hypothyroidism and recurrence following 131 I 
treatment of hyperthyroidism. Acta Radio!. 56:275-288, 1%1. 

3. Segal, R. L., Silver, S., Yohalem, S. B., et al.: Myxedema following radioactive iodine 
therapy of hyperthyroidism. Am. J. Med. 31:354-364, 1961. 

4. Green, M., Wilson, G. M.: Thyrotoxicosis treated by surgery or iodine-131. With 
special reference to development of hypothyroidism. Br. Med. J. 1:1005-1010, 1964. 

5. McGirr, E. M., Thomson, J. A., Murray, I. P. C.: Radioiodine therapy in 
thyrotoxicosis. A review of 908 cases. Scot. Med. J. 9:505-513, 1964. 

6. Dunn, J. T., Chapman, E. M.: Rising incidence of hypothyroidism after radioactive­
iodine therapy in thyrotoxicosis. N. Engl. J. Med. 271:1037-1042, 1964. 

7. Nofal, M. M., Beierwaltes, W. H., Patno, M. E.: Treatment of hyperthyroidism with 
sodium iodide I 131. A 16 year experience. J.A.M.A. 197:605-610, 1966. 

8. Blahd, W. H., Hays, M. T.: Graves' disease in the male. A review of241 cases treated 
with an individually calculated dose of sodium iodide I 131. Arch. Int. Med. 129:3~0. 
1972. 



50 I Zb02 

.eatment of Hyperthyroidism 97 

9. VanderLaan, W. P., Swenson, 0.: The results of surgical treatment in Graves' dis­
ease. N. Engl. J. Med. 236:236-238, 1947. 

10. Beahrs, O. H., Sakulsky, S. B.: Surgical thyroidectomy in the management of 
exophthalmic goiter. Arch. Surg. 96:512-516, 1968. 

11. Hedley, A. J., Flemming, C. J., Chesters, M. I., et al.: Surgical treatment of 
thyrotoxicosis. Br. Med. J. 1:519-523, 1970. 

12. Hershman, J. M.: The treatment of hyperthyroidism. Ann. Intern. Med. 64: 1306-1314, 
1966. 

13. Goolden, A. W. G., Fraser, T. R.: Treatment of thyrotoxicosis with low doses of 
radioactive iodine. Br. Med. J. 2:442-443, 1969. 

14. Bronsky, D., Kiamko, R. T., Waldstein, S. S.: Postherapeutic myxedema. Relative 
occurrence after treatment of hyperthyroidism by radioactive iodine (1 31 I) or subtotal 
thyroidectomy. Arch. Intern. Med. 121:113-117, 1968. 

15. Hagen, G. A., Ouelette, R. P., Chapman, E. M.: Comparison of high and low dosage 
levels of 131 I in the treatment of thyrotoxicosis. N. Engl. J. Med. 277:559-562, 1967. 

16. Smith, R. N., Wilson, G. M.: Clinical trial of different doses of 131 I in treatment of 
thyrotoxicosis. Br. Med. J. 1:129-132, 1967. 

17. Rapoport, B., Caplan, R., DeGroot, L. J.: Low-dose sodium iodide I 131 therapy in 
Graves' disease. J.A.M.A. 224:1610-1613, 1973. 

18. Jackson, G. L.: Calculated low dose radioiodine therapy of thyrotoxicosis. Int. J. 
Nucl. Med. Biol. 2:80-81, 1975. 

19. Cevallos,· J. L., Hagen, G. A., Maloof, F., et al.: Low-dosage 131 1 therapy of 
thyrotoxicosis (diffuse goiters). N. Engl. J. Med. 290:141-143, 1974. 

20. Taylor, G. W., Painter, N. S.: Size of the thyroid remnant in partial thyroidectomy for 
toxic goitre. Lancet 1:287-289, 1962. 

21. Whitsell, F. M., Black, B. M.: A statistical study of the clinical significance of lym­
phocytic and fibrocytic replacements in the hyperplastic thyroid gland. J. Clin. Endo­
crinol. Metabl. 9:1202-1215, 1949. 

22. Burke, G., Silverstein, G. E.: Hypothyroidism after treatment with sodium iodide I 
131. J.A.M.A. 210:1051-1058, 1969. 

23. Einhorn, J., Einhorn, N., Fagraeus, A., et al.: Hypothyroidism and humoral an­
tibodies after radioactive treatment of hyperthyroidism. In: Thyrotoxicosis, Proceed­
ings of an International Symposium, W. James Irvine (ed.). Baltimore, Williams & 
Wilkins Co., pp. 123-134, 1967. 

24. Blagg, C. R.: Antibodies to thyroglobulin in patients with thyrotoxicosis treated with 
radioactive iodine. Lancet 2:1364-1365, 1960. 

25. Buchanan, W. W., Koutras, D. A., Crooks, J., et al.: The clinical significance of the 
complement-fixation test in thyrotoxicosis. J. Endocrinol. 24: 115-125, 1962. 

26. Irvine, W. J., Macgregor, A.G., Stuart, A. E.: The prognostic significance of thyroid 
antibodies in the management of thyrotoxicosis. Lancet 2:843-847, 1962. 

27. Greig, W.R.: Radiation, thyroid cells and 131 I therapy-a hypothesis. J. Clin. Endo­
crinol. Metab. 25:1411-1417, 1965. 

28. Al-Hindawi, A. Y., Wilson, G. M.: The effect of irradiation on the function and 
survival of rat thyroid cells. Clin. Sci. 28:555-571, 1965. 

29. Volpe, R.: The immunologic basis of Graves's disease. N. Engl. J. Med. 287:463-464, 
1972. 

30. Farid, N. R., Munro, R. E., Row, V. V., et al.: Peripheral thymus-dependent (T) 
lymphocytes in Graves's disease and Hashimoto's thyroiditis. N. Engl. J. Med. 
288:1313-1317, 1973. 

31. Lamki, L., Row, V. V., Volpe, R.: Cell-mediated immunity in Graves· disease and in 
Hashimoto's thyroiditis as shown by the demonstration of migration inhibition factor 
(MIF). J. Clin. Endocrinol. Metab. 36:358-364, 1973. 



50i2b03 

98 Harold L. Atkins 

32. Werner. S. C., Wegelius, 0., Fierer, J. A., et al.: Immunoglobulins (E, M, G,) and 
complement in the connective tissues of the thyroid in Graves's disease. N. Engl. J. 
Med. 287:421-425, 1972. 

33. Werner. S. C., Fierer, J. A.: Cell-mediated immunity in Graves' disease? N. Engl. J. 
Med. 287:1215, 1972. 

34. DeGroot. L J.: Graves Disease: Diagnosis and Treatment In: The Thyroid and Its 
Diseases. 4th Ed .. Leslie J. DeGroot and John B. Stanbury (eds.). New York, Wiley 
Biomedical Division, pp. 314-367, 1975. 

35. Jackson, G. L.: Personal communication, 1977. 
36. Glennon, J. A .. Gordon, E. S., Sawin, C. T.: Hypothyroidism after low-dose 131 I 

treatment of hyperthyroidism. Ann. Intern. Med. 76:721-723, 1972. 
37. Reinwein. D .. Schaps, D., Berger, H., et al.: Hypothyreoserisijiko nach fraktionierter 

Radiojodtherapie. Dtsch. Med. Wochenschr. 98:1789-1795, 1973. 
38. Safa, A. M .. Skillern, P. G.: Treatment of hyperthyroidism with a large initial dose of 

sodium iodide I 131. Arch. Intern. Med. 135:673-675, 1975. 
39. Greig, W.R .. Crooks, J., Macgregor, A.G.: Clinical and radiobiological consequences 

of therapeutic thyroid irradiation. Proc. R. Soc. Med. (Lond.) 59:599-602, 1966. 
40. Groover, T. A .. Christie, A. C., Merrit, E. A., et al.: Roentgen irradiation in the 

treatment of hyperthyroidism. A statistical evaluation based on three hundred and five 
cases. J.A.M.A. 32:1730-1734, 1929. 

41. Harris, J. H.: Radiation treatment of hyperthyroidism: Report of results at the Hospi­
tal of the University of Pennsylvania during the seven and one-half years ending July l, 
1934. Am. J. Roentgenol. Rad. Ther. 38:129-144, 1937. 

42. Pfahler, G. E.: Roentgen-ray treatment of hyperthyroidism. Radiology 34:43-52, 1940. 
43. Soley, M. H .. Stone, R. S.: Roentgen ray treatment of hyperthyroidism. Arch. Intern. 

Med. 70: 1002-1016, 1942. 
44. Lanaro, A. E., Bosch, A., Frias, Z.: Effects of irradiation on the normal thyroid gland 

uptake. Am. J. Roentgenol. Rad. Ther. 114:600-609, 1972. 
45. Greig, W. R., Boyle, J. A., Buchanan, W. W., et al.: Clinical and radiobiological 

observations on latent effects of irradiation on the thyroid gland. J. Clin. Endocrinol. 
Metab. 25:1009-1014, 1965. 

46. Einhorn, J., Wikholm, G.: Hypothyroidism after external radiation to thyroid region. 
Radiology 88:32fr..328, 1967. 

47. Philp, J. R., Harrison, M. T., Ridley, E. F., et al.: Treatment of thyrotoxicosis with 
ionizing radiation. Lancet 2: 1307-1310, 1968. 

48. Trotter, W.R., Willoughby, P.: The effect of external irradiation on 131 I uptake by the 
thyrotoxic thyroid. In: Thyrotoxicosis, Proceedings of an International Symposium, 
Edinburgh. May, 1967, W. J. Irvine (ed.). Baltimore, Williams & Wilkins Co., pp. 
147-154, 1967. 

49. Gillespie, F. C., Orr, J. S., Greig, W.R.: Microscopic dose distribution from 1251 in the 
toxic thyroid gland and its relation to therapy. Br. J. Radiol. 43:40-47, 1970. 

50. Reddy, A. R., Sastre, K. G. K., Gupta, M. H., et al.: Microdosimetry of 125I in 
hyperthyroidism. In: Basic Mechanisms in Radiation Biology and Medicine, Bombay, 
Bhabbs Atomic Research Center, pp. 711-719, 1971. 

51. Gavron, A., Feige, Y.: Dose distribution and maximum permissible burden of 1251 in 
the thyroid gland. Health Phys. 23:491-499, 1972. 

52. Harper, P. V .. Siemans, W. D., Lathrop, K. A., et al.: Production and use of iodine-
125. J. Nucl. Med. 4:277-289, 1963. 

53. Lewitus, Z., Ben-Porath, M., Feige, Y., et al.: Differences in the radiobiological action 
of 1251 and 131I in the thyroid cell. In Biophysical Aspects of Radiation Quality. 
IAEA, Vienna, pp. 405-417, 1971. 



Treatment of Hyperthyroidism 99 

54. Ben-Porath, M .. Feige, Y., Lubin, E., et al.: Microdosimetry of 1-125 in the thyroid 
follicle. J. Nucl. Med. 11:300-301, 1970 (Abst.). 

55. Snyder, W. S., Ford, M. R., Warner, G. G., et al.: "S" absorbed dose per unit 
cumulated activity for selected radionuclides and organs. MIRD Pamphlet No. 11, 
Society of Nuclear Medicine, 1975. 

56. Gross, J., Ben-Porath, M., Rosin, A., et al.: A comparison of radiobiologic effects of 
131 Iand 125 1 respectively on the rat thyroid. In: Thyroid Neoplasia, S. Young and D. R. 
Inman (eds.). London and New York, Academic Press, pp. 291-306, 1968. 

57. Greig, W.R., Smith, J. F. B., Orr, J. S., et al.: Comparative survivals of rat thyroid 
cells in 1-fro after 131 I, 1251 and X irradiations. Br. J. Radiol. 43:542-548, 1970. 

58. Vickery, A. L., Jr., Williams, E. D.: Comparative biological effects of 125 l and 131
[ on 

the rat thyroid. Acta Endocrinol. (Kbh.) 66:201-212, 1971. 
59. Lewitus. Z., Rechnic, J.: Electron-microscopic and isotopic evidence for a difference 

between the radiobiological effects of iodine-131 and iodine-125. In: Radioactive 
Isotope in Klinik und Forschung, Band ll, Gasteiner Internationales Symposion 1974, 
R. Hofer (ed.). Vienna, Urban & Schwarzenberg, pp. 44-51, 1975. 

60. Jongejan. W. J .. Yan Putten, L. M.: The effects of 131 I and 125 I on mouse and rat 
thyroid. Int. J. Radiat. Biol. 22:489-499, 1972. 

61. Greig, W. R., Smith, J. F. B., Gillespie, F. C., et al.: Iodine-125 treatment for 
thyrotoxicosis. Lancet 1:755-757, 1969. 

62. McDougall, I. R .. Greig, W. R., Gillespie, F. C.: Radioactive iodine (125 I) therapy for 
thyrotoxicosis. N. Engl. J. Med. 285:1099-1104, 1971. 

63. Bremner, W. F .. McDougall, I. R., Greig, W. R.: Results of treating 297 thyrotoxic 
patients with 125 1. Lancet 2:218-282, 1973. 

64. McDougall, I. R., Greig, W. R.: 1251 therapy in Graves's disease. Ann. Intern. Med. 
85:720-723, 1976. 

65. Lewitus, Z.: Iodine-125 treatment for thyrotoxicosis. Lancet 2: 1368, 1969. 
66. Lewitus, Z., Lubin, E., Rechnic, J., et al.: Treatment of thyrotoxicosis with 125 1 and 

131 1. Semin. Nucl. Med. 1:411-421, 1971. 
67. Siemsen, J., Wallack, M. S., Martin, R. B., et al.: Early results of 125 I therapy of 

thyrotoxic Graves· disease. J. Nucl. Med. 15:257-260, 1974. 
68. Werner, S. C., Johnson, P. M., Goodwin, P. N., et al.: Long term results with iodine-

125 treatment for toxic diffuse goiter. Lancet 2:681-685, 1970. 
69. Weidinger, P., Johnson, P. M., Werner, S. C.: Five years' experience with iodine-125 

therapy of Graves's disease. Lancet 2:74-77, 1974. 
70. Glanzmann, C., Horst, W.: Ergebnisse der Therapie der Hyperthyreose mit 125- Jod. 

Nucl. Med. 14:207-218, 1975. 
71. Gimlette, T. M. D., Hosch!, R.: Treatment ofthyrotoxicosis with iodine-125 in moder­

ately low dosage. Clin. Radiol. 24:263-266, 1973. 
72. Malone, J. F., Cullen, M. J.: Two mechanisms for hypothyroidism after 131 1 therapy. 

Lancet 2:73-75, 1976. 


