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ABSTRACT Radioiodine therapy is an established mode of treatment for thyrotoxicosis of large range of etiologies. Differ-
ent therapeutic regimes have been attempted to institute appropriate dose of radio iodine in different clinical 

scenario. However the indications, patient selection criteria and dose regime choice remain highly controversial varying 
greatly from institution to institution.
The objective of this study is to assess the efficacy of three different ranges of variable doses of 131 radio Iodine therapy in 
patients with hyperthyroidism and to evaluate the incidence of hypothyroidism following radio iodine therapy at different 
doses.
In this retrospective study, 127  patients treated with I-131 for hyperthyroidism between Jan 2006 - Jan 2007 was included 
who had regular follow up till one year.
The patients were categorized in three groups and treated with different dosage 
This study shows that there is no definitive evidence of prolonging hypothyroidism in patients treated with small dose as 
compared to other two groups but often necessitating requirement of second dose of I 131.
Our study indicates that the optimal dose of 5mCi of radioiodine should be given for the complete cure of hyperthyroidism 
to minimize the necessity of multiple doses.

B) Introduction
Radioiodine therapy is an established mode of treatment for 
thyrotoxicosis of large range of etiologies. Different thera-
peutic regimes have been attempted to institute appropriate 
dose of radio iodine in different clinical scenario. However 
the indications, patient selection criteria and dose regime 
choice remain highly controversial varying greatly from insti-
tution to institution.

The chief goal of the radio iodine therapy is to achieve com-
plete abolition of the hypersecretory endocrine state. How-
ever controversy arises whether hypothyroidism following 
therapy is a complication or an expected negative end point.

The objective of this study is to evaluate the effectiveness of 
the variable dose therapy and monitoring the incidence and 
occurrence of hypothyroidism.

A)Anatomy of thyroid 
The thyroid is a brownish-red and highly vascular gland lo-
cated anteriorly in the lower neck, extending from the level 
of the fifth cervical vertebra down to the first thoracic (1). Thy-
roid weight varies but averages 25-30 g in adults (Slightly 
heavier in women). The gland enlarges during menstruation 
and pregnancy (1).

B) Physiology of the gland:
The thyroid maintains the level of metabolism in the tissue 
that is optimal for their normal function. Thyroid hormones 
stimulate the O2 consumption of most of the cells in the 
body, help regulate lipid and carbohydrate metabolism and 
are necessary for normal growth and maturation. Thyroid 
function is controlled by the thyroid stimulating hormone 
(TSH, thyrotropin) of the anterior pituitary. The secretion of 
this gland is in turn regulated in part by thyrotropin releasing 
hormone (TRH) from hypothalamus and is subject to nega-
tive feedback mechanism by high circulating levels of thyroid 
hormones acting on the anterior pituitary and hypothalamus. 
The principle hormones secreted by the thyroid are thyroxin 

(T4) and triiodothyronin (T3). T3 is also formed in peripheral 
tissues by deiodenation of T4. Both hormones are iodine 
containing amino acids. T3 is more active than T4, whereas 
RT3 is inactive.

C) Hyperthyroidism
Thyrotoxicosis is the hypermetabolic condition associated 
with elevated levels of free thyroxine (FT4), free triiodothy-
ronine (FT3), or both (2). Hyperthyroidism is a subset of thy-
rotoxicosis (excludes exogenous thyroid hormone intake and 
subacute thyroiditis) that is caused by excess synthesis and 
secretion of thyroid hormone by the thyroid (2) Excess thy-
roid hormone causes an increase in the metabolic rate that 
is associated with increased total body heat production and 
cardiovascular activity (increased heart contractility, heart 
rate, vasodilatation) (2).

The major symptoms of hyperthyroidism include palpitation, 
nervousness, sweating, hyperdefecation, and heat intoler-
ance (2). Women often note a reduction in menstrual flow 
or oligomenorrhea (2). Common signs of hyperthyroidism 
include weight loss despite increased appetite, lid lag and 
stare, sinus tachycardia, atrial fibrillation or high output fail-
ure (in elderly individuals), fine tremor, and muscle weakness 
(2). Thyrotoxicosis leads to an apparent increase in sympa-
thetic nervous system symptoms, including nervousness, 
stare, tremor, and tachycardia (2).

D)Treatment of hyperthyroidism
Antithyroid drugs have been one of the standard modalities 
of therapy for hyperthyroidism, either as first choice therapy 
or as pretreatment before radioactive iodine in selected pa-
tients3.

Beta-blockers (e.g. Propranolol, Nadolol) can be given in the 
early stages to control the symptoms of hyperthyroidism. 
They have no effect on the thyroid gland and do not treat the 
cause of the problem.
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Radioactive iodine therapy is the most common treatment of 
hyperthyroidism in adults in the United States. Although the 
effect is less rapid than antithyroid medication or thyroidec-
tomy, it is effective, safe, and does not require hospitaliza-
tion.

Dose determination: (33)
a) Standard dose method:
When a 3 to 4 mCi of dose of I131 is administered orally to 
patients with toxicgoiter , two of the three patients become 
well 4 months latter. A rare patient becomes hypothyroid and 
most of the rest experience some degree of relief of hyper 
thyroidism. In those not in remission, improvement is usually 
sufficient to permit further treatment with the isotope.

About 85% of the patients enter remission or become hypo-
thyroid after a second dose of 3 to 4 mCi and a third dose of 
3 to 4 mCi increases the rate of remission plus hypothyroidis-
mapproximately to 90%.

b) Variable dose method:
Because of the biological variability in resistance to radiation 
effect; and in order to limit the radiation dose to the thyroid 
in an effort to minimize early and late onset of hypothyroid-
ism , the wide range of doses of I 131 used . The millicurie 
is retained as the dosage unit instead of probable radiation 
dose to the thyroid from such a dose because greater inac-
curacies in the assumption required to estimate the radiation 
dose.

Remission can be induced in 90% of patients after one or 
more treatments and early hypothyroidism develops in 7% 
of patients. Between 1 to 5 mCi dose is given with reduced 
dose schedule .the average dose is 3 mCi. The patients with 
mild hypothyroidism and very small gland receives least 
amount , and severly toxic patient with a very large and nod-
ular gland the most.

If remission is not induced in the first dose, the second dose 
is given according to the same criteria, but generally not be-
fore 6 months after the first dose.

A bigger dose is administered depending upon the gland 
size and degree of hyperthyroidism.

c) Multiple small doses method:
The desired total quantity of I 131 can be given in 500 uCi 
doses instead of single large dose. Six or more doses are 
administered at weekly intervals. The method, introduced to 
avoid hypothyroidism ,induced the highest incidence of late 
hypothyroidism at mean 10 yrs.

d) Radiation dose method:
3500 to 4000 rads are provided to the gland. A major source 
of error is in the appraisal of the gland size by palpation and 
another source of error is in the difficulty of determining the 
effective half life of the isotope.

Readministration of I-131 is just as practical, safe and con-
venient as initial treatment. It is common to administer sec-
ond dose (20%) or even third and fourth dose (5%), but not 
retreated earlier than 6 months unless the patient is overtly 
clinically and biochemically thyrotoxic.(3,9)

Toxic multinodular goiter should be treated with higher dose, 
as the tissue is relatively radioresistant due to inhomogene-
ity; RAI turnover is higher with lower retained dose.(8,10,11)

Hypothyroidism is definite complication after destructive 
therapy hence life long L-T4 supplementation and follow up 
is required.(3,8,12)

Methods and Materials:
127 patients were selected who had regular follow up till 
one year. The patients were referred to our department from 

Dept of Endocrinology  and Department of Internal Medi-
cine. This was a retrospective study, the patients treated with 
I-131 for hyperthyroidism were included. The diagnosis of 
hyperthyroidism was made clinically by history and physical 
examination, and confirmed by laboratory study (T4 or Free 
T4 and TSH). Tc 99n Tco4 scanning was done to see avidity 
of TcO4 uptake.

The dose given to the patients was determined by the size of 
goiter, clinical problems, avidity of TcO4 on uptake scan and 
history of any prior antithyroid medication.

At our center patients were divided into three groups.

Group I: 
patients with grade I goiter and mild clinical symptoms pa-
tients who received pretreatment with antithyroid drugs and 
with controlled status of hyperthyroidism. They were treated 
with < 3 or 3 mCi of I131.

Group II:
Included patients with first time clinical presentation, patients 
with Grave’s disease with Grade II or grade III goiter along 
with high uptake of Tc99m pertechnetate. This group was 
treated with 5 mCi of I131.

Group III:
Included patients with long standing goiter, multinodular 
goiter and autonomous thyroid nodule. This group was treat-
ed with >5 mCi of I131.

All the patients were followed up at 6 weeks (clinically), 3 
months (clinically and biochemically) and then 6 monthly 
(clinically and biochemically).

Clinical parameters like weight gain, reduction in goiter size, 
symptomatic improvement and biochemical normalization of 
thyroid hormone levels were evaluated in the followup.

Total 127 patients’ records were analyzed, which included 
32 males and 95 females. Successful therapy was defined 
as euthyroidism or permanent hypothyroidism based on T4 
and TSH measurements obtained. Period of occurrence of 
hypothyroidism following radioiodine therapy was assessed 
during follow up period of one year. Patients with hypothy-
roidism were classified on the basis of occurrence of hypo-
thyroidism within 6 months and after 6 months of treatment 
of I131. Number of patients requiring second dose of I131 
treatment were also analyzed. Statistical analysis was done 
with fisher’s test.

Results:

The ratio of female to male patients was 3:1. The average 
age of patients was 36.34. Number of patients treated in 
Group I was20 group II was 87 and group III was 20.
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Requirement of second dose of I 131 

The requirement of second dose therapy was 70% patients 
from Group I, 22% patients from group II and 30% patients 
from group III.

Relative risk of patients of group I for requiring second dose 
was 3 and 2.73 as compared to group II and group III respec-
tively which was statistically significant.

There was no e/o of prolonging occurrence of hypothyroid-
ism in group I. No e/o any significantly increased relative risk 
of hypothyroidism noted in any of the treatment group.

1. Statistical analysis of different therapy groups requiring 
second dose Test applied - non parametric Fisher’s exact 
test

b. Comparison between Group I and Group III

The relative risk of requirement of second dose was statisti-
cally significant in group I when compared with group II and 
group III.

Discussion:
The most common cause of thyrotoxicosis is Graves’ disease 
(50-60%). Toxic multinodular goiter (Plummer’s disease) oc-
curs in 15-20% of patients with hyperthyroidism. It occurs 
most commonly in elderly individuals, especially in patients 
with a long-standing goiter. Toxic thyroid adenomas com-
prise approximately 3-5% of patients who are hyperthyroid. 
15- 20% of the thyrotoxic cases are contributed by thyroiditis.

Selection of dose: 5 approaches have been employed (7)

1. Small doses repeated as necessary. (Empirical)
2. A large ablative dose.
3. A sliding scale based on thyroid size.
4. A standard formula based on estimated thyroid size: (7,8)
Required dose in mCi = gland weight in gm x uCi desired/gm
			   ------------------------------------------
			   % Uptake at 24 hours
5. Precise dosimetry for the administered dose.
 
Empirical dosimetry i.e. 5-10 mCi, 90-95 % cure rate has 
been seen with single dose .(8,9) In our study we divided 
patients in three treatment groups and patients were treated 
with variable doses.

The purpose of our study was to determine the relationship 
between the cure of hyperthyroidism and the amount of I131 
administered. Clarifying this relationship makes it easier to 
choose a dose appropriate for the needs of individual pa-
tient when permanent cure of hyperthyroidism is the desired 
outcome.

It has been shown that hypothyroidism follows sooner or 
later in nearly all patients. Its occurrence within one or two 
years after treatment is related to dose, but delayed hypo-
thyroidism develops at about the same rate regardless of 
the amount of I131given.(B) Elimination of hyperthyroidism 
then becomes the central issue, and the pendulum swings 
towards larger doses, although most thyroidologists still sup-
port treatment to achieve the euthyroid state. In our study, 
thyroiditis cases were not included as there is no indication 
for radioiodine in the treatment of thyroiditis. Total 127 pa-
tients were divided in three treatment groups based upon 
the clinical presentation and therapeutic option. In our study, 
31.5% cases required a second dose and 1.67% cases re-
quired more than two therapies. It is common to administer 
second dose of radioiodine (20%) or even third or forth dose 
(5%) to achieve euthyroidism or hypothyroidism (3).

Our study showed that required therapeutic response with 
a single dose is achieved in 77% of the patients in group II 
( >3 mci upto 5mci) . Most of the cases which constituted 
the multiple doses in this group were females with MNG and 
were given ~5 mCi of I-131 in the first therapy, which would 
have been inadequate to deliver desired dose to the gland. 
70% of the patients who were treated with group I regimen 
(<3 mCi – 3 mCi) required second dose which clearly showed 
inadequate dose delivery to eliminate hyperthyroid state. 
The study done by Smith et al (A) also showed that by reduc-
ing the dose to half of the conventional dose, multiple doses 
were mandated .

Hypothyroidism is considered by some experts to be the ex-
pected goal of radioactive iodine therapy Higher doses of 
I-131 sometimes are used to intentionally induce hypothy-
roidism, allowing the patient to be managed for hypothyroid-
ism alone.(5,6)

In our study there was no significant difference in the time of 
occurrence of hypothyroidism in different treatment groups 
because the dose range was only 3 to 7 mCi as against >10 
mCi which would result in significant increase in occurrence 
of hypothyroidism.

There was no e/o prolonging occurrence of hypothyroidism 
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by treating patients with lower dose of I131 i.e. group I , on 
contrary the requirement of second treatment was increased 
in this group..

Our study showed that If physician treats patients with lesser 
doses because of concern about increased likelihood of hy-
pothyroidism from the initial dose, it means accepting a 70% 
likelihood of additional treatment requirement as compared 
to 22% likelihood if higher dose is selected. The study by 
Robert Et al (B) also shows that accepting a 30% likelihood 
of additional treatment compared to 13% likelihood if higher 
dose is selected.

The patient’s direct cost, time from work, and morbidity in-
crease markedly if the initial dose fails to cure.

Conclusion:
In this study the male to female ratio for hyperthyroidism was 
found to be 3:1. The most common type of hyperthyroidism 
was found to be diffuse toxic goiter. Complete cure was es-

tablished in most of the patients in grup 2 ie 5 mci dose with 
a single dose .However, for patients with toxic multinodular 
and large goiters needed second dose.

Patients treated with group I treatment regimen, i.e. small 
dose 3 mCi or <3mCi required multiple doses suggesting in-
effective radiation dose delivered to hyperfunctioning gland 
to suppress its function.

As expected , because of the high dose given (7mCi) in gr III 
patients, requirement of second dose was less in comparison 
with group I.

This study shows that there is no definitive evidence of pro-
longing hypothyroidism in Group I patients as compared to 
other two groups.

Our study indicates that the optimal dose of >5mCi of radi-
oiodine should be given for the complete cure of hyperthy-
roidism to avoid the necessity of multiple doses.

REFERENCE 1. Dominique Dorion, David Lemaire, Thyroid anatomy, E medicine | specialities, ENT [cited on 28 Jan 2010 ] available on URL | www.emedicine.
com/ent/topic532.htm | 2. Stephany Lee,Sonia Ananthkroshnan, Endocrinology,Thyroid | [cited on 28 Jan 2010] | available on URL www.

emedicine.com/MED/topic1109.htm | 3. Michel A Wilson, Text book of nuclear medicine1998; 159-162 | 4. Harry R Maxon,Eugene L,Saenger et al ; Biologic effect 
of RAI on | human thyroid,Werner ,Ingber Textbook of thyroid. | 5. Cooper DS, Braverman LE, Utiger RD et al : Werner and Ingbar’s | Thyroid.Philadelphia,Lippincott-
Raven, 1996 ; 708-734. | 6. Shapiro B ; Optimization of radioiodine therapy in thyrotoxicosis. J | Nucl Med 1993: 34 : 1638-1641. | 7. Thrall Nuclear medicene the 
requisites 1996; 378-380. | 8. Michael M. Caplen,Donald A. Meier,Howard J Dworkin et al : | treatment of hyperthyroidism with radioiodine, 205-221. | 9. Huysmans 
DA,Hurmas a,EdelbroekM,et al : Radioiodine treatment | for nontoxic MNG goiter.Thyroid 7 : 235-239,1997. | 10. Humberger Ji, Humberger SW : Diagnosis and 
management of | large toxic MNG .J Nuc. Med 26: 888-892,1985. | 11. P J ell,Murray,Hans Van der Wall et al : Text book of Nucl. Med: | 2nd edition; 1049-1051. 
| 12. Michael M. Caplen,Donald A. Meier,Howard J Dworkin et al : | treatment of hyperthyroidism with radioiodine, 205-221. | 13. Weetman AP, Holt M, Campbell 
AK, Hall R, McGregor AM 1984 | methimazole and generation of oxygen radicals by monocytes: | potential role in immunosuppression. Br Med J 288:518–520 | 14. 
Weetman AP, McGregor AM, Hall R1984 Evidence for an effect of | antithyroid drugs on the natural history of Graves’ disease. Clin | Endocrinol (Oxf) 21:162–172 | 15. 
Volpe´ R 1994 Evidence that the immunosuppressive effects of | antithyroid drugs are mediated through actions on the thyroid cell, | modulating thyrocyteimmunocyte 
signaling: a review. Thyroid | 4:217–223 | 16. Cooper DS 1994 Antithyroid drugs and radioiodine therapy: a grain | of (iodized) salt. Ann Intern Med 121:612–614 | 17. 
Burch HB, Solomon BL, Wartofsky L, Burman KD 1994 | Discontinuing antithyroid drug therapy before ablation with | radioiodine in Graves’ disease. Ann Intern Med 
121:553–559 | 18. Andrade VA, Gross JL, Maia AL 1999 Effect of methimazole | pretreatment on serum thyroid hormone levels after radioactive | treatment in Graves’ 
hyperthyroidism. J Clin Endocrinol Metab | 84:4012–4016 | 19. Crooks J, Buchanan W, Wayne EJ, Macdonald E 1960 Effect of | pretreatment with methylthiouracil on 
results of 131I therapy. Br | Med J 1:151–154 | 20. Reynolds LR, Kotchen TA 1979 Antithyroid drugs and radioactive | iodine. Fifteen years’ experience with Graves’ 
disease. Arch Intern | Med 139:651–653 | 21. Holm LE, Lundell G, Israelsson A, Dahlqvist I 1982 Incidence of | hypothyroidism occurring long after iodine-131 therapy 
for | hyperthyroidism. J Nucl Med 23:103–107 | 22. Sridama V, McCormick M, Kaplan EL, Fauchet R, DeGroot JL | 1984 Longterm follow-up study of compensated 
low-dose 131I | therapy for Graves’ disease. N Engl J Med 311:426–432 | 23. Tuttle RM, Patience T, Budd S 1995 Treatment with | propylthiouracil before radioactive 
iodine therapy is associated with | a higher treatment failure rate than therapy with radioactive iodine | alone in Graves’ disease. Thyroid 5: 243–247 | 24. Hancock 
LD, Tuttle M, LeMar H, Bauman J, Patience T 1997 The | effect of propylthiouracil on subsequent radioactive iodine therapy | in Graves’ disease. Clin Endocrinol 
(Oxf) 47:425–430 | 25. Goolden AWG, Fraser TR 1969 Effect of pretreatment with | carbimazole inpatients with thyrotoxicosis subsequently treated with | radioactive 
radioiodine. Br Med J 3:443–444 | 26. Cunnien AJ, Hay ID, Gorman CA, Offord KP, ScanionPW1982 | Radioiodine induced hypothyroidism in Graves’ disease: factors 
| associated with the increasing incidence. J Nucl Med 23:978–983 | 27. Maracocci C, Gianchecchi D, Masini I, et al. 1990 A reappraisal of | the role of methimazole 
and other factors on the efficacy and | outcome of radioiodine therapy of Graves’ hyperthyroidism. J | Endocrinol Invest 13:513–520 | 28. Imseis RE, Vanmiddlesworth 
L, Massie JD, Bush AJ, | Vanmiddlesworth NR 1998 Pretreatment with propylthiouracil but | not methimazole reduces the therapeutic efficacy of iodine-131 in | 
hyperthyroidism. J Clin Endocrinol Metab 83:685–687 |  | 


