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ABSTRACT
Background The chief clinical characteristics of
Graves’ disease are hyperthyroidism and ophthalmopathy. The relation between the two and the effect of treatment for hyperthyroidism on ophthalmopathy are unclear.
Methods We studied 443 patients with Graves‘ hyperthyroidism and slight or no ophthalmopathy who
were randomly assigned to receive radioiodine, radioiodine followed by a 3-month course of prednisone, or methimazole for 18 months. The patients
were evaluated for changes in the function and appearance of the thyroid and progression of ophthalmopathy at intervals of 1 to 2 months for 12 months.
Hypothyroidism and persistent hyperthyroidism were
promptly corrected.
Results Among the 150 patients treated with radioiodine, ophthalmopathy developed or worsened
in 23 (15 percent) two to six months after treatment.
The change was transient in 15 patients, but it persisted in 8 (5 percent), who subsequently required
treatment for their eye disease. None of the 55 other
patients in this group who had ophthalmopathy at
base line had improvement in their eye disease.
Among the 145 patients treated with radioiodine and
prednisone, 50 (67 percent) of the 75 with ophthalmopathy at base line had improvement, and no patient had progression. The effects of radioiodine on
thyroid function were similar in these two groups.
Among the 148 patients treated with methimazole,
3 (2 percent) who had ophthalmopathy at base line
improved, 4 (3 percent) had worsening of eye disease, and the remaining 141 had no change.
Conclusions Radioiodine therapy for Graves’ hyperthyroidism is followed by the appearance or worsening of ophthalmopathy more often than is therapy with methimazole. Worsening of ophthalmopathy
after radioiodine therapy is often transient and can
be prevented by the administration of prednisone.
(N Engl J Med 1998;338:73-8.)
©1998, Massachusetts Medical Society.

T

HE relation between the treatment of hyperthyroidism due to Graves’ disease and
the course of Graves’ ophthalmopathy is a
matter of controversy.1 Antithyroid-drug
treatment appears not to be associated with the development or worsening of preexisting eye disease.2
The effect of thyroidectomy is less clear, but in general it probably does not induce or worsen eye disease.3-5 In contrast, the effects of radioiodine therapy
are less clear; ocular improvement, worsening of eye
disease, and no change have been reported in different studies.4 To address this question, we undertook
a prospective, randomized study of the effects of the
treatment of Graves’ hyperthyroidism with methimazole or radioiodine therapy, as well as the effects of
glucocorticoids, in patients with mild or moderate
Graves’ ophthalmopathy or none.
METHODS
Subjects
We enrolled 450 patients with Graves’ disease (characterized by
hyperthyroidism, diffuse goiter, and thyroid autoantibodies in serum) and mild ophthalmopathy or none. Mild ophthalmopathy
was defined as proptosis of less than 22 mm, intermittent diplopia
or none, an absence of optic neuropathy, and mild conjunctival
and periorbital inflammation. Seven patients were lost to followup soon after enrollment, leaving 443 in the study cohort. Patients
with severe ophthalmopathy requiring treatment with orbital radiotherapy and glucocorticoids, those with large goiters requiring
thyroidectomy, and those with contraindications to glucocorticoid
treatment were excluded before enrollment. The study was ap-
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proved by the institutional review board of the Institute of Endocrinology, and all patients gave their informed, written consent.
Treatment
All the patients were treated with methimazole for three to
four months. They were then randomly assigned to receive radioiodine therapy, radioiodine therapy plus prednisone, or continued
methimazole therapy. Methimazole was discontinued five days
before the administration of radioiodine (given at a dose of 120
to 150 mCi [4.4 to 5.6 MBq] per gram of thyroid tissue). The
patients in the radioiodine–prednisone group were initially given
0.4 to 0.5 mg of prednisone per kilogram of body weight starting
two to three days after radioiodine therapy and continuing for
one month; the dose was then tapered over a period of two
months, and the drug was discontinued.6 Of the initial 450 patients, 315 (70 percent) had been given a diagnosis of hyperthyroidism and had previously been treated with methimazole, and
135 were euthyroid when referred to our center. The patients
were seen and their thyroid function was checked within 1 month
after radioiodine therapy and then every 1 to 2 months for 12
months. Hypothyroidism or persistent (i.e., uncontrolled) hyperthyroidism after radioiodine treatment was corrected within two
to three weeks by the administration of thyroxine or methimazole, respectively. A second dose of radioiodine was administered
to patients who had persistent hyperthyroidism at the end of follow-up. The methimazole-treated patients received the lowest
dose of the drug that maintained euthyroidism.
Ocular Examinations
Ocular examinations were carried out every one to two months
by a single examiner, who did not know which treatment was being administered to the patient. The examinations included evaluation of soft-tissue changes; measurements of proptosis (by Hertel exophthalmometer), lid width, and lagophthalmos; evaluation
of eye-muscle function with the Hess chart; and determination of
visual acuity. The activity of ophthalmopathy was scored by the
method of Mourits et al.,7 which takes into consideration seven
manifestations of disease (spontaneous retrobulbar pain, pain
with eye movement, eyelid erythema, eyelid edema, conjunctival
injection, chemosis, and swelling of the caruncle); one point is
given for any manifestation, and the score may range from 0 (no
activity) to 7 (very high activity). At each visit, the patients were
asked to describe their eye disease as improved, unchanged, or
worsened as compared with their last visit.
We defined the appearance, progression, or improvement of
ophthalmopathy according to major and minor criteria. The major criteria were variations of 2 mm or more in exophthalmometric readings and lid width, the appearance or disappearance of
diplopia (intermittent [i.e., present only occasionally], inconstant
[i.e., present but not in primary gaze], constant [present in primary gaze]), variations of two points or more in the ophthalmopathy-activity score, and changes of 1⁄ 10 or more in visual acuity.
Minor criteria were variations in soft tissues or in the patient’s assessment of his or her disease. The appearance, progression, or
improvement of ophthalmopathy was defined as the appropriate
change in at least two major and one minor criteria. The need for
subsequent orbital radiotherapy and high-dose prednisone therapy for severe ophthalmopathy was determined by an overall evaluation that took into account the degree of inflammatory changes and related symptoms, the extent of proptosis and extraocular
muscle dysfunction, any optic-nerve involvement, and the degree
of interference with the patient’s daily activities.
Evaluation of Thyroid Function
Thyroid function was assessed by measuring serum free thyroxine and free triiodothyronine (Lisophase kits, Laboratori Bouty,
Sesto San Giovanni, Italy) and serum thyrotropin (Auto-Delfia
Wallac, Gaithersburg, Md.). The normal ranges were as follows:
free thyroxine, 0.6 to 1.8 ng per deciliter (8.4 to 23.2 pmol per
liter); free triiodothyronine, 0.25 to 0.6 ng per deciliter (3.8 to
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8.4 pmol per liter); and thyrotropin, 0.4 to 3.7 mU per liter. Serum thyrotropin-receptor antibody was measured by radioreceptor assay (Trak assay, Brahms Diagnostica, Berlin, Germany; normal value, 5 U per liter).
Statistical Analysis
Base-line values in the three groups were compared by one-way
analysis of variance and the Kruskal–Wallis test for quantitative
variables and the two-tailed Fisher’s exact test for qualitative variables. Differences between pretreatment and post-treatment values for exophthalmometric readings, lid-width measurements,
and ophthalmopathy-activity scores were compared by the twotailed Student’s t-test and the Wilcoxon test; differences in diplopia status (absent vs. present) in the groups were evaluated with
the exact binomial test for paired data. Differences among or
within treatment groups with respect to the progression of ophthalmopathy and thyroid status were evaluated with the twotailed Fisher’s exact test. Exact binomial 95 percent confidence
intervals were calculated for the proportion of patients who had
development, worsening, or improvement of ophthalmopathy.
Kaplan–Meier survival curves were used to illustrate the pattern
of occurrence of ophthalmopathy according to treatment group.

RESULTS

There were no significant differences in the baseline clinical and biochemical characteristics of the
patients in the three treatment groups (Table 1).
The proportions of patients with and without ophthalmopathy at base line were similar.
Among the 150 patients treated with radioiodine
alone, ophthalmopathy developed or worsened in 23
(15 percent; 95 percent confidence interval, 10 to
22 percent) during the year after treatment (Fig. 1):
17 of the 72 patients with preexisting ophthalmopathy (24 percent; 95 percent confidence interval, 14
to 35 percent) and 6 of the 78 patients without
ophthalmopathy (8 percent; 95 percent confidence
interval, 3 to 16 percent; P  0.01). In all cases, the
changes occurred within the first six months after
radioiodine treatment (Fig. 2). The remaining 55
patients with preexisting ophthalmopathy and the
remaining 72 patients with no ophthalmopathy at
base line had no changes in their eyes (Fig. 1). The
prevalence of smokers was greater among the patients in whom ophthalmopathy developed or worsened than among those who had no change (83
percent vs. 50 percent, P0.001).
Among the 145 patients treated with radioiodine
and prednisone, 50 of the 75 patients who had ophthalmopathy at base line (67 percent; 95 percent
confidence interval, 55 to 77 percent) had regression
of ophthalmopathy; the remaining 95 patients (25
with and 70 without ophthalmopathy at base line)
had no change (Fig. 1). No patient in this group had
worsening of ophthalmopathy. Among the 148 patients treated with methimazole, 3 of the 74 patients
with preexisting ophthalmopathy (4 percent; 95 percent confidence interval, 1 to 11 percent) had improvement in the severity of their eye disease, and
4 patients (3 with and 1 without preexisting ophthalmopathy) had new or worsening ophthalmopathy (3 percent; 95 percent confidence interval, 1 to
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TABLE 1. BASE-LINE CHARACTERISTICS OF THE THREE GROUPS
WITH GRAVES’ HYPERTHYROIDISM.*

CHARACTERISTIC

Sex — M/F
Age — yr
Mean
Range
Smoker — no. (%)
Range of duration of hyperthyroidism — mo
Mean thyroid volume — ml†
Ophthalmopathy
Present
Absent
Proptosis — mm
Lid width — mm
Ophthalmopathy-activity score
Diplopia
Absent
Intermittent
Inconstant
Constant
Serum free thyroxine — ng/dl
Serum free triiodothyronine — ng/dl
Serum thyrotropin — mU/liter
Serum thyrotropin-receptor antibody (U/liter)
Positive thyrotropin-receptor–antibody test — %
Dose of radioiodine — MBq‡
Persistent hyperthyroidism after radioiodine
therapy — no. (%)
Development of permanent hypothyroidism —
no. (%)

RADIOIODINE
GROUP
(N  150)

OF

RADIOIODINE–
PREDNISONE
GROUP
(N  145)

PATIENTS

METHIMAZOLE
GROUP
(N  148)

29/121

28/117

28/120

44
16–85
82 (55)
4–13
33

42
15–69
87 (60)
5–14
30

41
17–77
84 (57)
3–15
28

72
78
172
112
1.11.1

75
70
171
112
1.21.2

74
74
171
111
1.01.0

102
33
15
0
1.20.1
0.40.4
0.80.6
4956
66
407112
21 (14)

101
27
17
0
1.31.6
0.40.6
0.90.7
4671
61
444136
17 (12)

105
26
17
0
1.31.0
0.40.4
1.00.7
5159
68
—
—

93 (62)

96 (66)

0

*Plus–minus values are means SD. The normal ranges for laboratory values are as follows: free
thyroxine, 0.6 to 1.8 ng per deciliter (8.4 to 23.2 pmol per liter); free triiodothyronine, 0.2 to 0.6
ng per deciliter (3.8 to 8.4 pmol per liter); and thyrotropin, 0.4 to 3.7 mU per liter. Normal values
for serum thyrotropin-receptor antibody are 5 U per liter. To convert values for serum free thyroxine to picomoles per liter, multiply by 1.29. To convert values for serum free triiodothyronine to picomoles per liter, multiply by 1.54. All P values for comparisons between groups were 0.68.
†Thyroid volume was measured by ultrasonography.
‡To convert values for radioiodine to microcuries, multiply by 37.3.

7 percent) (Fig. 1). The frequency of the development or progression of ophthalmopathy was significantly higher in the radioiodine group than in either
the radioiodine–prednisone group or the methimazole group (P0.001 for both comparisons), but
there was no significant difference between the latter
two groups (P  0.12). The frequency of improvement of ophthalmopathy was significantly higher in
the radioiodine–prednisone group than in the other
two groups (P0.001 for both comparisons).
Among the 23 patients in the radioiodine group
in whom ophthalmopathy developed or worsened,
the change was transient (i.e., it lasted for two to
three months) in 15 (65 percent) and persistent in
8 (35 percent), 7 of whom had ophthalmopathy at
base line. Overall, orbital radiotherapy and highdose glucocorticoid therapy for new or worsened

ophthalmopathy were required by eight patients in
the radioiodine group (5 percent; 95 percent confidence interval, 2 to 10 percent), one patient in the
methimazole group (1 percent, 95 percent confidence interval, 0 to 4 percent), and none in the
radioiodine–prednisone group. The percentages of
patients in each group who were euthyroid, hyperthyroid, and hypothyroid at various times did not
differ significantly, except that more patients in the
methimazole group were euthyroid during the follow-up period (P0.04) (Table 2). There was no relation between thyroid status and the development
or progression of ophthalmopathy.
The development or progression of ophthalmopathy in the 23 patients in the radioiodine group involved soft-tissue changes (palpebral edema in 21 patients, conjunctival hyperemia in 19, chemosis in 17,
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Worsened
Unchanged
Improved

140

No. of Patients

120
100
80
60
40
20
0

Radioiodine Radioiodine– Methimazole
Prednisone
Figure 1. Changes in the Degree of Ophthalmopathy in Patients
with Hyperthyroidism Who Were Treated with Radioiodine, Radioiodine and Prednisone, or Methimazole.
Patients in whom ophthalmopathy developed are included in
the group with worsening. The determination of patients’ status was based on an overall evaluation of ocular changes, variations in the ophthalmopathy-activity score, and the patients’
own evaluation, as described in the Methods section.

and edema of the caruncle in 19), an increase in
proptosis in 18 patients, lid retraction in 17 patients,
lagophthalmos in 10 patients, and diplopia in 14 patients (intermittent or inconstant in 6 and constant in
8). The mean ophthalmopathy-activity score and the
degree of proptosis increased significantly in these 23
patients (Table 3). Soft-tissue changes were always associated with an increase in at least two major criteria
for ophthalmopathy, and the patient’s assessment
confirmed the development or worsening of ophthalmopathy in all cases. No changes occurred in the remaining 127 patients in this group (Table 3).
The improvement of ophthalmopathy in 50 of the
75 patients in the radioiodine–prednisone group
who had eye disease at base line involved soft-tissue
changes (palpebral edema in 40, conjunctival hyperemia in 45, chemosis in 39, and edema of the caruncle in 34) and a decrease in proptosis (35 patients).
Eye-muscle function improved in the 19 patients
who had diplopia before treatment. The mean ophthalmopathy-activity score and the degree of proptosis decreased significantly in these 50 patients
(Table 3), and all reported improvement. There were
no side effects of prednisone treatment other than
the appearance of cushingoid features, which disappeared after prednisone was discontinued.

Patients without New or
Worsened Ophthalmopathy (%)

DISCUSSION
Radioiodine –Prednisone

100

Methimazole

90

Radioiodine

80
70
60
50
40
30
20
10
0
0

1

2

3

4

5

6

7

8

9 10 11 12

Months after Treatment
TREATMENT GROUP
Radioiodine–
prednisone
Methimazole
Radioiodine

145

145

145

148
150

145
127

144
127

Figure 2. Kaplan–Meier Plots of the Development or Progression of Ophthalmopathy in Patients with Hyperthyroidism Who
Were Treated with Radioiodine, Radioiodine and Prednisone,
or Methimazole.
The numbers at the bottom of the figure show the numbers of
patients at risk (i.e., without new or worsened ophthalmopathy).
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Whether treatment of hyperthyroidism in patients
with Graves’ disease is associated with the development or progression of ophthalmopathy is the subject of much debate. In some retrospective studies,
progression of preexisting eye disease was more common than its development after treatment of hyperthyroidism, although progression was not more
common after any one of the three treatments — an
antithyroid drug, radioiodine, or thyroidectomy —
than after the others.3,8-12 In some other studies, including three prospective studies,6,13,14 radioiodine
was associated with progression of ophthalmopathy.13-17 Although available comparative studies are
limited, at least one prospective trial15 and two retrospective studies18,19 indicated that progression of
ophthalmopathy was more common in patients treated with radioiodine than in those who received the
other two treatments. The development or progression of ophthalmopathy after radioiodine therapy
might be related to the release of thyroid antigens as
a result of radiation injury and to subsequent enhancement of autoimmune responses directed toward antigens shared by the thyroid and the orbit.1
The same mechanism has been postulated to explain
the development of ophthalmopathy after irradiation of the neck for nonthyroidal disorders20,21 or after thyroid-destructive processes.22
In this prospective, single-blind, controlled study,
we found that radioiodine therapy for Graves’ hyperthyroidism was followed by the development or,
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DURING

TIME

AND

TABLE 2. THYROID STATUS IN
FOLLOW-UP, AND IN RELATION

THE THREE GROUPS AT
TO THE WORSENING OF

RADIOIODINE–
PREDNISONE GROUP
(N145)

RADIOIODINE GROUP
(N150)

STATUS

WITH
TOTAL

BASE LINE,
OPHTHALMOPATHY.*
METHIMAZOLE
GROUP
(N148)

WITH

WORSENING

TOTAL

WORSENING

WITH
TOTAL

WORSENING

number (percent)

At base line
Hyperthyroid
Euthyroid
Hypothyroid
Months 1–3
Hyperthyroid
Euthyroid
Hypothyroid
Months 4–6
Hyperthyroid
Euthyroid
Hypothyroid
Months 7–9
Hyperthyroid
Euthyroid
Hypothyroid
Months 10–12
Hyperthyroid
Euthyroid
Hypothyroid

21 (14)
128 (85)
1 (1)

—
—
—

14 (10)
130 (90)
1 (1)

—
—
—

22 (15)
125 (84)
1 (1)

—
—
—

12 (8)
115 (77)
23 (15)

1 (8)
13 (11)
2 (9)

10 (7)
109 (75)
26 (18)

0
0
0

9 (6)
132 (89)
7 (5)

0
1 (1)
0

5 (3)
117 (78)
28 (19)

0
6 (5)
1 (4)

3 (2)
109 (75)
33 (23)

0
0
0

2 (1)
144 (97)
2 (1)

0
2 (1)
0

2 (1)
126 (84)
22 (15)

0
0
0

2 (1)
123 (85)
20 (14)

0
0
0

1 (1)
143 (97)
4 (3)

0
1 (1)
0

2 (1)
128 (85)
20 (13)

0
0
0

2 (1)
125 (86)
18 (12)

0
0
0

1 (1)
145 (98)
2 (1)

0
0
0

*Worsening of ophthalmopathy refers to the development of ophthalmopathy in those without it
at base line and the progression of eye disease in those with ophthalmopathy at base line. Hyperthyroidism was defined as a high serum free thyroxine or free triiodothyronine concentration and an
undetectable serum thyrotropin concentration; hypothyroidism was defined as a low serum free thyroxine concentration and a high serum thyrotropin concentration. Patients who were not euthyroid
at various times in the radioiodine group and radioiodine–prednisone group were given methimazole
if they were hyperthyroid or thyroxine if they were hypothyroid; thus, at each time euthyroid patients
include treated hypothyroid and hyperthyroid patients.

TABLE 3. OCULAR FINDINGS
AND

CHARACTERISTIC
AND OUTCOME†

RADIOIODINE GROUP
(N150)
BEFORE

AT

12

TREATMENT

Proptosis (mm)
Unchanged
Worse
Improved
Lid width (mm)
Unchanged
Worse
Improved
Ophthalmopathyactivity score
Unchanged
Worse
Improved
Diplopia§
Unchanged
Worse
Improved

IN THE THREE GROUPS BEFORE
ONE YEAR LATER.*

MO

RADIOIODINE–
PREDNISONE GROUP
(N145)
BEFORE
TREATMENT

AT

12

MO

TREATMENT

METHIMAZOLE GROUP
(N148)
BEFORE
TREATMENT

AT

12

MO

172
172
—

172
191‡
—

172
—
171

171
—
151‡

171
172
181

171
192‡
161‡

112
112
—

112
141‡
—

111
—
112

111
—
92‡

111
102
121

101
132‡
91‡

11
21
—

11
31‡
—

11
—
21

11
—
21‡

11
21
21

11
31‡
0‡

87, 29, 11, 0
15, 4, 4, 0
—

87, 29, 11, 0
1‡, 7, 7, 8
—

70, 17, 8, 0
—
31, 10, 9, 0

70, 17, 8, 0
—
50‡, 0, 0, 0

103, 25, 14, 0
0, 0, 3, 1
2, 1, 0, 0

103, 25, 14, 0
0, 0, 3, 1
3, 0, 0, 0

*Plus–minus values are means SD.
†“Worse” refers to either the development or the progression of ophthalmopathy.
‡P0.001 for the comparison with the value before treatment.
§For diplopia, the numbers indicate in how many patients diplopia was absent, intermittent, inconstant, and constant,
respectively.
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more often, the progression of ophthalmopathy in
patients treated with radioiodine alone, but not in
those treated with radioiodine and prednisone; the
patients treated with methimazole had no progression of eye disease. The worsening of eye disease was
slight and transient in the majority of patients, but it
persisted and ultimately required treatment with orbital radiotherapy and high-dose prednisone in a few.
Of the three treatments, only the administration of
prednisone after radioiodine therapy was associated
with amelioration of preexisting eye disease during
the one-year follow-up period, thus yielding more favorable results than those in the methimazole group.
How can the effects of radioiodine therapy on
Graves’ ophthalmopathy be explained? First, in many
patients, the onset of ophthalmopathy, or its worsening, if it is already present, is slight and transient,
and the condition is likely to be missed unless the
patients are examined often. We examined our patients every one to two months not only to detect
changes in their eyes but also to correct hypothyroidism promptly, because prompt amelioration of
hypothyroidism reduces the likelihood that ophthalmopathy will progress after radioiodine therapy.23 A
second explanation might lie in the selection of patients; worsening of ophthalmopathy after radioiodine therapy does not occur in all patients, suggesting that other known risk factors (e.g., smoking24,25)
and unknown risk factors contribute to the development or progression of eye disease. In this regard,
the varying duration of hyperthyroidism and ophthalmopathy in the different studies might also be
a confounding variable.26 Base-line serum thyroid
hormone concentrations may be a risk factor, because in one study the development or worsening of
ophthalmopathy was more frequent among patients
who had higher serum free triiodothyronine concentrations before radioiodine therapy.13 The values
in our patients did not vary, but all had been treated
with methimazole before randomization.
Because antithyroid-drug treatment is not often
followed by the development or progression of ophthalmopathy, it might be argued that patients with
ophthalmopathy should be treated with such a drug,
while waiting for hyperthyroidism and ophthalmopathy to subside spontaneously. However, antithyroiddrug treatment can be associated with unsatisfactory
control of hyperthyroidism and, more important, hyperthyroidism can recur after the withdrawal of therapy.27,28 Persistent hyperthyroidism or its recurrence
after the discontinuation of antithyroid-drug therapy
could negatively affect the course of ophthalmopathy.16 Thus, we think that it is best to achieve permanent control of hyperthyroidism in patients with
ophthalmopathy. Radioiodine accomplishes this well.
Although, in the short term, it may have negative effects on eye disease, these are often transient and can
be prevented by moderate doses of glucocorticoids.
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Presented in abstract form at the 11th International Thyroid Congress,
Toronto, September 10–15, 1995.
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