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Abstract

Endocrine ophthalmopathy is to some degree present in most patients with Graves’ disease. In few cases, a severe form of
the condition develops and in the majority of these cases, the course of the eye problems has been influenced by the
treatment for thyrotoxicosis. In this regard, radioiodine therapy has been increasingly recognized as carrying a special risk.
Here, the current understanding of endocrine ophthalmopathy and the risks associated with the development of severe eye
disease are discussed. The results of a retrospective investigation of patients with severe eye disease in our hospital, and the
experience with corticosteroid administration following radioiodine in order to reduce the risk of ophthalmopathy, are also

presented.

Radioiodine has been used for treatment of thyr-
otoxicosis due to Graves’ disease and toxic nodular
goiter since more than 50 years [1,2]. The possibility
of a special influence of radioiodine on the course of
endocrine ophthalmopathy (EO), the unique com-
ponent of Graves’ disease, remained under debate
for many years, although an insight had grown
(exemplified in [3—5]) that this treatment modality
carried an extra risk compared with thyrostatic drugs
or thyroid surgery. In the 1980 — 1990’s randomized
controlled trials [6—8] added the conclusive evi-
dence. Today the risk of radioiodine is recognized,
but the mechanisms by which it can promote EO are
not fully understood.

Development of current knowledge of EO and
radioiodine therapy

The reason why it took so long to establish a
relationship between treatment for thyrotoxicosis
and course of EO most likely reflect the hetero-
geneous nature of the disease, the different suscept-
ibility for EO among patients, and the role of
exogenous factors, e.g. smoking [9,10] and negative
stress [11]. Furthermore, the eye signs were wrongly
claimed to follow a seemingly unpredictable course,

and to be evenly present prior to, at diagnosis, and
after onset of thyrotoxicosis. Today, such statements
are no longer valid as a result of reports on well
characterized patients (including data on thyroid
hormone balance, TSH receptor antibodies) with
careful descriptions of the history of treatment of the
underlying thyroid disease.

The development of precise assays of thyroid
hormones and, in particular sensitive tests of thyro-
tropin, were important early steps forward for
detailed characterizations of patients. The identifica-
tion of TSH receptor antibodies, first as “long acting
thyroid stimulator” activity in serum, and subse-
quently as antibodies binding to TSH receptors on
thyrocyte plasma membranes, and measurable by
radioreceptor [12] and biological assays, likewise
have been important advances. In the 1980’s com-
mercial assays became available and today there are
several user-friendly radioimmunoassay or elisas on
the market for measurements of the TSH receptor
antibodies. Other major advances for the under-
standing of Graves’ disease and EO was the cloning
of the TSH receptor [13,14] and in recent years, the
identification of TSH receptor expression in extra-
thyroidal tissue, notably retro-orbital fibroblasts and
fat cells [15-17].
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Key steps in development of current knowledge
regarding EO and radioiodine therapy

e Radioimmunoassays for precise measurements
of thyroid hormones

e Sensitive assays for measurements of sup-
pressed thyrotropin concentrations

e Discovery of TSH receptor antibodies and the
production of research assays

e Commercial TRAD assays

e Recognition of the important role of TSH
receptor activation and thyroid disease activity
for development of EO

e Establishing radioiodine as a risk for promoting
eye disease in randomized trials

e Cloning of the TSH receptor

e Expression of TSH receptors in non-thyroidal
tissue, e.g. retroorbital cells

Endocrine ophthalmopathy

Most patients with Graves’ disease present with
some ocular involvement, endocrine opthalmopathy,
which is due to an inflammation of the eye
muscle(s), retroorbital fat and connective tissue.
There is irritation of the eyes with teariness, some
eye lid retraction, and variable degrees of eye lid
edema and periorbital swelling. The affected eye
muscles become swollen and their motility impaired
such that diplopia may occur. The enlargement of
the muscles and retroorbital tissues leads to prop-
tosis. In severe EO, the retroorbital swelling may
cause compression of the optic nerve with impair-
ment of the visual field and/or visual acuity. The
basis of the eye involvement remains still not well
understood. Microscopically, some inflammatory
cells, lymphocytes, granulocytes as well as macro-
phages are found in the edematous eye muscles and
orbital fat. The thinking has long been that the eye
muscle and fat tissue contain some thyroid-related
structures. The findings of TSH receptor expression
in retroorbital tissues have given strong support to
such a notion.

The fact that children with neonatal thyrotoxicosis
caused by intrauterine transfer of maternal TSH
receptor antibodies develop exophthalmos illustrates
that fetal orbital tissues respond to TSH receptor
activation in the absence of autologous Graves’
disease. Exophthalmos is feature also in newborns
with congential thyrotoxicosis due to an activating
mutation in the TSH receptor gene [18,19]. The
description of exophthalmos in a child with high
TSH levels due to thyroid hormone resistance [20]
suggests that also in this situation stimulation of fetal
retroorbital TSH receptors produces exophthalmos.
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EO in hypothyroidism

Endocrine ophthalmopathy (exophthalmos and in-
flammation) may in rare cases develop in hypothyr-
oid patients without a history of thyrotoxicosis. In
early literature such cases were thought to suffer
from Hashimoto’s thyroiditis [21,22]. When exam-
ined for long acting thyroid stimulator, however,
positive titers were found. Today, the rare cases
presenting with hypothyroidism and concomitant
endocrine ophthalmopathy without a period of prior
thyrotoxicosis, without exception display marked
titers of TSH receptor antibodies. These patients
can be regarded as having Graves’ disease and
concomitant autoimmune thyroiditis. Some of
them may later develop thyrotoxicosis, due to of a
shift in the antibody profile from blocking to
stimulatory, or rather due to remission of the
thyroiditis component.

TSH receptor antibodies and radioiodine
treatment

The TSH receptor antibody population in Graves’
disease often contains both stimulatory and blocking
antibodies, with a predominance of the stimulatory
ones. Changes in the antibody spectrum have been
observed following radioiodine treatment with
blocking antibodies appearing, in some cases con-
tributing to a rapid development of hypothyroidism
after treatment [23,24]. The typical rise in antibody
titers following radioiodine most likely represent a
boost of B-lymphocytes by antigen released from
radiation-damaged thyrocytes. Interestingly, the rise
in TSH receptor antibodies can be prevented by
giving methimazole before and after radioiodine as
illustrated in Figure 1 [25]. In this study of 60
patients, methimazole was given for two months
prior to radioiodine, discontinued for a week before
the dose of radioiodine and then given for another
three months starting on the day after radioiodine.
Surprisingly, betametasone treatment given over six
weeks in conjunction with the radioiodine dose
increased rather than decreased the autoantibody
titer in spite of a significant and longstanding
reduction of circulating total IgG [25].

Radioiodine-induced conversion of TSH
receptor antibody-negative patients

TSH receptor antibodies, as measured by the tests
available today, are present at diagnosis in the vast
majority of patients with Graves’ disease. There are
occasional patients who present with a history
of thyrotoxicosis of short duration, heredity for
Graves’ disease and mild eye signs including eye lid
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Figure 1. Effects of radioiodine treatment (350 MBq '*'I) of
TSH receptor antibody levels (TSH binding inhibition immuno-
globulin, TBII) in patients with newly diagnosed Graves disease
randomized to three treatment groups, I radioiodine only (n =23),
II methimazole and radioiodine (n =17), III betamethasone (n =
20). From reference 25 with permission from J Clin Endocrinol
Metab.

retraction typical of Graves’ disease, but no detect-
able serum TSH receptor antibodies. Such patients
will develop antibody titers if given radioiodine. This
was described by us in paper from 1994 [26], in
which we reported nine cases with TSH receptor
antibody-negative clinical Graves’ disease. Eight of
the patients had bilateral diffuse thyroid uptake at
scintigraphy and one had a uninodular uptake but
similar to the other eight, a history, heredity and
clinical signs suggestive of Graves’ disease. Presum-
ably, this patient had two disorders, nodular goiter
and Graves’ disease, with the nodule being highly
sensitive to a low (undetectable) TSH receptor
antibody titer. It has been suggested that radioiodine
could precipitate de novo Graves’ disease, but this
seems questionable as there is a vast clinical experi-
ence and also a number of studies of radioiodine
treatment of nodular goiter without any observations
of induction of Graves’ disease. Einhorn et al. [27]
showed in an early study that radioiodine treatment
of toxic nodular goiter gave rise to no or minor titers

of antibodies against thyroglobulin and/or thyroid
microsomes but not to Graves’ disease.

Importance of TSH receptor activation and
thyroid tissue activation in the development
of EO

Patients with Graves’ disease have variable degrees of
eye signs at diagnosis, which in most cases remit as
the thyrotoxicosis is cured. In few patients, however,
severe eye disease with marked periorbital swelling,
proptosis, pain and in some cases also optic nerve
damage develops after the start of treatment for
thyrotoxicosis.

It was long thought that the treatment modal-
ity had no influence on the course of EO. In a
retrospective evaluation of 30 consecutive cases with
the most severe endocrine ophthalmopathy (Table I)
treated at our hospital in the 1980’s an interesting
picture emerged [28]. In most cases a treatment-
induced period of hypothyroidism was identified
regardless of the mode of treatment (antithyroid
drugs, radioiodine or thyroid surgery). Severe EO
had occurred in another eight patients treated with
radioiodine although there was no documented
hypothyroid episode. In three more cases, treatment
of thyrotoxicosis with antithyroid drugs had been
stopped because of drug reactions, leading to
recurrent thyrotoxicosis which was followed by the
development of severe EO (Table II). Thus, the
records revealed that eye signs often had deteriorated
after episodes of marked changes in thyroid function,
in particular treatment-induced hypothyroid epi-
sodes, or episodes in which the thyroid hormone
values had changed from elevated to normal and
back to elevated in a short period of time, i.e. rapid
shifts in thyroid hormone status seemed to somehow
have a negative influence.

It appeared that the common denominator among
these cases of severe EO was an activation of the
thyroid (a rise in TSH receptor antibodies, in
hypothyroid cases also TSH), implying TSH recep-
tor activation as a factor of great importance for the
evolvement of severe eye disease [28]. In support of

Table I. Thirty consecutive patients with severe endocrine
ophthalmopathy.

Region of referral: 1 million inhabitants, 5 year period

Chemosis, periorbital swelling 22/30
Diplopia 26/30
Visual acuity and/or field defect 11/30
Proptosis (mean) right 26.0 mm
left 26.5 mm

Note the presence of marked proptosis among the subjects, 35%
of whom had optic nerve damage.



Table II. Treatment-induced thyroid activation in 30 patients
with severe endocrine ophthalmopathy.

Hypothyroid episodes (median TSH 30, (n=16)
range 7—78 mU/L)

Radioiodine treated without documented (n=38)
hypothyroid episode

Antithyroid drugs interrupted early with (n=3)
flare-up

No remarkable event identified (n=3)

Total (n=30)

this concept, the value of early thyroxine adminis-
tration after radioiodine treatment has been pointed
out by Tallstedt et al. [29] and the link between TSH
receptor antibody levels and eye signs recently
corroborated by Eckstein et al. [30] who investigated
the severity of clinical eye disease in 108 patients
with Graves’ disease after treatment with steroids.
They noted an association between TSH receptor
antibody prevalence and activity/severity of EO in
patients independently of antithyroid drug treat-
ment, thyroidectomy or radioiodine therapy.

In 1989 we emphasized in a Letter to the Lancet
the importance of establishing ‘thyroid rest’ for the
course of EO: “We therefore prescribe thyrostatic
drugs, combined with thyroxine, to all patients
with TSH receptor antibodies, including those who
are euthyroid after previous thyroid surgery or
radioiodine therapy, to prevent stimulation of the
thyroid” [5]. Nowadays, this view is shared by an
increasing number of colleagues and not unlikely a
factor contributing to the encouraging trend with a
fall in the number of patients with severe eye disease
seen at our hospital and other referral centers in
Sweden.

Corticosteroid administration after
radioiodine treatment

If radioiodine is given to a patient with some eye
signs, a course of glucocorticoids is of great value

Table III. Protocols for glucocorticoid-treatment of patients with
eye signs subjected to radioiodine therapy.

Prednisolone (Uppsala') Prednisone (Pisa?)

20 mg 2 weeks 30 mg 1 month
15 mg 3 weeks 15 mg 2 weeks
10 mg 1 month 7.5 mg 2 weeks
7.5 mg 1 month 5 mg 2 weeks
5 mg 1 month 5 mg eod 2 weeks
5 mg eod 1 month eod =every

other day

! Prednisolone over a five months period, started on the third day
after Rx.

2 Prednisone 0.4 to 0.5 mg per kilogram of body weight tapered
over three months [6].
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to lower the risk of radioiodine-induced aggrava-
tion of eye disease [6]. At our hospital we have
since 1990 used a protocol (Table III) that differs
somewhat from that described by Bartalena et al.
in 1989 [6]. We limit the use of radioiodine (Rx)
to select cases with mild and moderate EO and do
not use it in patients with marked eye signs. With
this strategy we have not encountered problems of
severe eye disease developing, although some
patients with “active” EO (eyelid oedema, con-
junctivitis, tears and/or pain) experience transient
worsening of eye symptoms even though they
receive the steroid regimen. At the Department
of Endocrinology, Uppsala University Hospital, 27
patients were treated between 1990 and year 2000
according to the prednisolone protocol. At the
time of Rx, the patients had been treated with
thyrostatic drugs for a median of ten months. The
TSH receptor antibodies (TRAK) were positive in
25 of 27 patients, and the median total T3 and
fT4 values were 2.7 nmol/lL and 27 pmol/L,
respectively. Seventeen of the patients had active
and ten inactive EO, and at a follow-up after 6-12
months 5 and 1, respectively, had experienced a
transient worsening of the eye symptoms. The
“worsening” group had TSH receptor antibodies
of 50 (median) at Rx and the “non-worsening”
group 20 (ref <9 U/L).

Concluding comments

Today, we know that severe endocrine ophthalmo-
pathy is a condition that almost without exception
only develops after the start of treatment for
thyrotoxicosis, and that radioiodine therapy is the
treatment modality that carries the greatest risk.
Furthermore, we know that it is important to render
a hyperthyroid patient stably euthyroid without
episodes of treatment-induced hypothyroidism. It is
also important not to give a patient with eye signs
very high doses of thyrostatic drugs as adverse
reactions, if they occur, often lead to fluctuating
thyroid hormone levels and thereby increase the risk
of subsequent eye complications. In patients with eye
signs present already at diagnosis of thyrotoxicosis,
moderate doses of prednisolone, 15 — 20 mg tapered
over three months, could be used as a supplement to
thyrostatic drugs early in the course to reduce the
risk of developing more severe eye problems. Like-
wise, prednisolone is of use to lower the risk of
ophthalmopathy after radioiodine treatment. Finally,
in cases with severe eye signs and a thyrotoxicosis
that do not respond well to thyrostatic drugs, we
refer the patient to near total/total thyroidectomy
[31,32].
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