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ABSTRACT

OBJECTIVE: Radioiodine therapy is the most commonly used therapy for patients with Graves’ 
disease (GD) in the United Kingdom. It is considered safe, effective and relatively inexpensive. 
The aim of our study was to examine the outcome of 131Iodine therapy in patients with GD when 
two different activities of 131Iodine were used. DESIGN: A retrospective audit was undertaken 
to compare the efficacy of 370 (10 millicuries) versus 555MBq (15 millicuries) radioiodine 
therapy in patients with Graves’ disease over a period of ten years. RESULTS: Overall, 90% 
of the patients had a successful outcome from treatment with no significant difference in the 
success rate between the lower and higher activities or between genders. CONCLUSIONS: 555 
MBq of radioiodine was no more effective than 370 MBq in managing patients with Graves’ 
disease. We therefore recommend that the higher activity should not be routinely used in these 
patients.
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IntroductIon

The aim of radioiodine therapy in Graves’ disease 
is to destroy sufficient thyroid tissue to cure hyper-
thyroidism, a process that renders the patient either 
euthyroid or hypothyroid. Radioiodine therapy in-
duces an intense radiation thyroiditis and subsequent 
fibrosis, thereby destroying the synthetic capacity 
of the thyroid.1 “Ablative” concept of radioiodine 
therapy is a well accepted form of therapy. This form 

of therapy is the most commonly used therapy for 
patients with Graves’ disease in the United King-
dom.2,3 It is considered safe, effective and relatively 
inexpensive. However, there is a lack of consensus 
as to what dosage of radioactive iodine should be 
used and whether the aim of treatment is to render 
the patient euthyroid for a period of time or hy-
pothyroid.4-7 Different methods have been used for 
determining the activity that is administered to these 
patients. Techniques have varied from fixed activities 
to elaborate calculations based on gland size, iodine 
uptake and iodine turnover.8

The two District General Hospitals in Ayrshire, 
Scotland, have historically used two different fixed 
activities of radioiodine therapy to treat thyrotoxic 
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patients. The aim of this audit was to compare the 
efficacy of 370 (10 millicuries) versus 555MBq (15 mil-
licuries) radioiodine activities for therapy in patients 
with Graves’ disease over a period of ten years.

suBjects and metHods

Patients

Details of all the patients who received radioiodine 
therapy for thyrotoxicosis in Ayrshire and Arran during 
the period 1997 to 2007 were available on the NHS 
Ayrshire and Arran Department of Nuclear Medicine 
database. One in four patients diagnosed with Graves’ 
disease and treated with radioiodine were randomly 
selected for the audit. The diagnosis of Graves’ disease 
was made on the basis of elevated Free T4 or Total 
T4 with suppressed TSH concentrations and clinical 
examination (presence of two of the following three: 
diffuse goitre, eye signs specific for Graves’ disease, 
pre-tibial myxoedema), and supported by other in-
vestigations (such as the presence of TSH-Receptor 
antibodies or radionuclide imaging).

Baseline Clinical Data before 131Iodine 
therapy

Baseline characteristics obtained included age at 
diagnosis, gender, Free T4 levels and Thyroid Stimulat-
ing Hormone (TSH) plus the presence or absence of 
Graves’ ophthalmopathy. Patients were categorised as 
having received carbimazole (Carb), propylthiouracil 
(PTU), previous radioiodine treatment or no therapy 
prior to receiving 131Iodine treatment. Previous 
radioiodine treatment (if any) was also documented 
along with the presence of Graves’ ophthalmopathy 
using the Clinical Activity Score.18 Patients with 
moderate to severe Graves’ ophthalmopathy did not 
receive radioiodine therapy.

Anti-thyroid drugs were discontinued 5-7 days 
before radioiodine was administered and were not 
restarted unless there was evidence of persistent or 
worsening hyperthyroidism at the first visit six weeks 
post-treatment. Beta-blockers were not systematically 
stopped and were allowed for symptom control during 
the period of pre-radioiodine administration and for 
a few weeks thereafter.

The patients and results were reviewed by two 
Consultant Endocrinologists pre- and post-treat-

ment. Informed written consent was obtained from 
each participant and the audit was approved by the 
NHS Ayrshire & Arran Health Board, Clinical Ef-
fectiveness Office.

Thyroid function assays and radioiodine 
treatment

TSH and FT4 were measured using an ADVIA 
Centaur immunoassay analyser (Bayer Diagnostics, 
Tarrytown, NJ, USA).9 All patients received 131Io-
dine therapy at the Ayr and Crosshouse Hospitals, 
Ayrshire, United Kingdom. On the day of radioiodine 
administration pregnancy was excluded in female 
patients of child-bearing potential/age using an hCG 
test kit.

The patients from Ayr Hospital received 370 MBq 
of 131Iodine, whereas patients from Crosshouse 
Hospital received 555 MBq.

Outcome assessments

Follow-up was left to the discretion of the Clini-
cal Endocrinologists, who monitored for the clinical 
outcome. All patients were followed up for at least 
one year following 131Iodine therapy. The primary 
outcome was each patient’s thyroid status within one 
year of 131Iodine therapy. Euthyroidism was defined 
as normal serum T4 concentration, regardless of TSH 
values (without levothyroxine therapy at one year). 
Hypothyroid patients had elevated serum TSH on 
two occasions four weeks apart (within 12 months) 
and required permanent levothyroxine treatment. 
Persistent/recurrent hyperthyroidism was defined 
by the presence of elevated Free T4 and suppressed 
TSH, or by requirement of either anti-thyroid medica-
tion, repeat administration of 131Iodine therapy or 
thyroid surgery within one year of 131Iodine therapy. 
131Iodine treatment was considered to be successful 
if the patient was either euthyroid or hypothyroid 
(requiring levothyroxine therapy) within one year of 
131Iodine therapy.

Statistical analysis

SPSS version 15 was used to analyze the data. For 
comparison of baseline parameters in the two groups, 
chi-square and independent samples t-test were used. 
To assess treatment success against dosage, previous 
drugs and previous radioiodine treatment, a number 
of chi-square tests were conducted.
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results

Approximately 1500 patients received radioiodine 
therapy for thyrotoxicosis in Ayrshire between 1997 
and 2007, the majority of whom were diagnosed as 
having Graves’ disease (1312). One in four of these 
patients with Graves’ disease were randomly selected 
for our audit. Three hundred and twenty-eight cases 
were identified for analysis. Seventeen cases were 
excluded as case documentation was inadequate or 
patient was not completely followed up. Hence, 311 
patients with a diagnosis of Grave’s disease were 
included in the study (Table 1). One hundred and 
eighty-four patients (59.2%) received the larger ac-
tivity of radioiodine (i.e. 555 MBq). The mean age 
in the sample was 63.6 ± 15.8 yrs (mean ± standard 
deviation). There was no significant difference in 
mean age by activity (t (282) = 1.83, p = 0.07). Two 
hundred and sixty-nine of the patients were female 
(86.5%).There was no significant difference in gender 
by activity: 89.8% of those receiving low activity were 
female compared to 84.2% of those receiving higher 

activity (chi-square (1, N = 311) = 1.96, p = 0.16). 
There was also no significant difference in mean age 
by gender (t (282) = 0.92, p = 0.36) and no significant 
difference in baseline free thyroxine levels or clinical 
presence of goitre in the two groups (p= 0.95 and 
0.91, respectively).

Overall, 90% of the patients had a successful 
outcome from 131Iodine treatment (Table 2). There 
was no significant difference in success rate between 
the lower and higher activities (chi-square (1, N = 
311) = 0.06, p = 0.80).

There were significant gender differences in overall 
success rates: 91.9% of females had successful treat-
ment compared to 81.8% of males (chi-square (1, 
N = 311) = 4.46, p < 0.05, OR = 2.52). However, 
there was no significant difference in success rate by 
activity for either females or males (chi-square (1, N 
= 269) = 0.11, p = 0.74 for females; chi-square (1, 
N = 42) = 0.20, p = 0.66 for males).

Two hundred and sixty-two (79.9%) of the pa-

Table 2. Success rate by activity, gender and previous PTU/carb therapy and previous RI therapy.

% success rate of those with 
low activity (370MBq)

(n)

% success rate of those with 
high activity (555MBq)

(n)

Overall
(%) success rate

(n)

Females (86.5) 92.1 (114) 91.0 (155) 91.4 (269)

Males (13.5) 76.9 (13) 82.8 (29) 81.0 (42)

Given PTU/carb (79.9) 89.6 (96) 89.3 (150) 89.4 (246)

Not given PTU/carb (20.1) 93.5 (31) 91.2 (n34) 92.3 (65)

Previous RI treatment (12.9) 85.7 (21) 89.5 (19) 87.5 (40)

No previous RI treatment (87.1) 91.5 (106) 89.7 (165) 90.4 (271)

Overall 90.6 (127) 89.7 (184) 90.0 (311)

PTU: propylthiouracil, Carb: carbimazole, RI: Radioiodine

Table 1. Pertinent data in the two groups (high and low activity).

Low activity (370MBq) High activity (555MBq) Overall

n (%) 127(40.8) 184 (59.2) 311

Mean age (SD) 65.6 (15.8) 62.2 (15.7) 63.6 (15.8)

% of females 89.8 84.2 86.5

Patients with goitre n (%) 86 (68) 121 (66) 66.5

Baseline Free T4 (pmol/l)

mean (SD) (normal range: 9 – 24 pmol/L)

38.1 (3.06) 37.8 (3.03) 37.9 (3.04)

Successful outcome n (%) 115 (90.6) 165 (89.7) (90)
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tients in our audit received anti-thyroid medication 
before radioiodine administration. All the patients 
that received anti-thyroid medication were started 
on carbimazole and the nine patients who devel-
oped side-effects (commonly rash) were switched to 
propylthiouracil (PTU). There was no evidence that 
this had any effect on the success rate (chi-square 
(1, N=311)=0.47, p=0.49). In addition, there was 
no significant difference in success rate by activity 
in those with and without carbimazole or PTU pre-
treatment (chi-square (1, N=127)=0.43, p=0.51 for 
low activity; chi-square (1, N=184)= 0.10, p=0.75 
for high activity).

A small number of patients (40=12.2%) had 
had previous radioiodine treatment. There was no 
significant difference in the efficacy of treatment 
between those who received pre-treatment (with 
radioiodine) and those who did not (chi-square (1, 
N=311)=0.33, p=0.57). Nor was there any significant 
difference in success rate by activity for those with or 
without previous radioiodine treatment (chi-square 
(1, N=127)=0.69, p=0.41 for low activity; chi-square 
(1, N=184)=0.001, p=0.98 for high activity).

dIscussIon

The use of radioiodine in hyperthyroidism is in-
creasing, particularly in younger patients with Graves’ 
disease where the likelihood of success (i.e. lack of 
relapse) with anti-thyroid drugs is modest.10 Although 
there is general consensus that radioactive iodine is 
safe, cheap and effective for the treatment of Graves’ 
thyrotoxicosis, there remains a lack of consensus as 
to what dosage should be used. Several factors have 
been considered as influencing the outcome of ra-
dioiodine treatment. Previous studies have suggested 
that patients with larger volume thyroid glands and 
severe hyperthyroidism are more likely to fail to 
respond to a single administration of radioiodine.11 
Techniques have also been undertaken to assess gland 
size (estimated either clinically or with imaging) and 
doses have been calculated on the basis of gland size, 
iodine uptake and sometimes iodine turnover.12 The 
use of this methodology adds to the complexity of the 
procedure and significantly increases the cost related 
to therapy.13 As radioactive iodine therapy is relatively 
inexpensive, incurring further cost to determine the 

administered activity clearly needs to be justified.

Our audit could potentially have included over 
1500 patients. The great majority had Graves’ disease, 
with much smaller numbers having other causes of 
thyrotoxicosis such as multinodular goitre (MNG) and 
toxic adenoma. With such small numbers, it would 
have been difficult to demonstrate and interpret any 
possible difference in the comparative efficacy of 370 
and 555 MBq of radioiodine therapy in these other 
causes. It therefore seemed sensible to concentrate 
our audit on patients with Graves’ disease. Given 
the sample sizes in this study, the power of the sta-
tistical test undertaken was sufficient to determine 
a 10% difference in success rates (power=0.84*). 
If the full audit had been used instead of the 1 in 4 
sample, then the power would have been sufficient to 
reduce this to 5% (power=0.81*). The small increase 
in precision would not have justified the extra time 
and effort involved. Hence, our audit demonstrated 
that administering the larger activity of radioiodine 
therapy (555MBq) has little, if at all any, added effect 
in patients with Graves’ disease when compared to 
131Iodine therapy with 370 MBq.

An adequate radiation dose from radioiodine 
therapy is necessary to prevent either persistent or 
recurrent hyperthyroidism. Sustained euthyroidism 
would clearly be the most desirable outcome, but this 
would appear to be futile. Irrespective of the admin-
istered radioiodine activity, a number of studies have 
demonstrated an annual incidence of hypothyroidism 
of approximately 2-3% many years after therapy.19

There has been concern that thyrotoxic patients 
receiving radioiodine therapy may release thyroid 
hormones into the circulation from thyroid follicu-
lar cell disruption following therapy. Worsening 
thyrotoxicosis and even thyroid storm have been 
reported.20 As a result, many patients, including most 
patients in this audit, are rendered euthyroid prior to 
radioiodine therapy. Pre-treatment of patients with 
propylthiouracil has been reported to be associated 
with relative radio-resistance and hence the possible 
need for a larger activity of radioiodine. Carbimazole 
pre-treatment does not appear to affect the out-
come.21 It has also been suggested that patients with 
Graves’ disease do not require pre-treatment with 
anti-thyroid drugs. Approximately one fifth of our 
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555 MBq of radioiodine was no more effective than 
370 MBq in managing patients with Graves’ disease, 
we would recommend that the larger activity should 
not be routinely used in these patients.
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