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Endocrine ophthalmopathy (EO) is an auto-
immune disease, characterised by inflammation 
in the para- and retrobulbar area (involving con-
nective tissue, fat, as well as muscle tissue) [1–4].
Eye involvement in Graves’ disease is clinically
evident in 25–50% of patients [5], but computed
tomography, MRI, or B-scan ultrasonography
identify asymptomatic optic nerve involvement in
up to 90% of patients with Graves’ disease [6–8].
Endocrine ophthalmopathy is also found, albeit
seldom, in patients with Hashimoto’s thyroiditis
(chronic autoimmune thyroiditis), and with
Graves’ disease without hyperthyroidism [9–11]. 

Newer studies have brought possible signifi-
cant insights to the understanding of the patho-
genesis of EO. It has been found that TSH-recep-
tors are also present in retrobulbar tissue [12–14],
which is why it is suspected that TSH-receptor
antibodies contribute to the development of EO
by the stimulation of these retro-orbital tissue

TSH-receptors. Recently it was discovered that
cytokines, e.g. tumor necrosis factor-alpha, inter-
feron-gamma, interleukin 6 as well as transform-
ing growth factor-beta, modify the expression 
of TSH receptors in the orbits, and encourage 
the differentiation of orbital fibroblasts and
preadipocytes to adipocytes. This could be the rea-
son why increased expression of TSH-receptors is
seen as a key reason for the orbital tissue expansion
[15–17].

Mild forms of EO may be sufficiently treated
with symptomatic therapeutic interventions or
local protective agents (elevation of the head of the
bed, diuretics, eye drops). The main goal is the
achievement and maintenance of an euthyroid
state [18]. These measures alone are sufficient in
many cases, because the majority of patients with
EO demonstrate a favourable and often sponta-
neous self-limiting clinical course. In addition, all
patients with Graves’ disease should immediately

Background: The pathogenesis of Graves’ oph-
thalmopathy has not been yet clarified, and from a
therapeutic standpoint Graves’ ophthalmopathy
remains an enigma. The natural course and effects
of different treatment regimens are poorly docu-
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Results: The mean observation period was 3.23
years (1–8.9 years) for all 196 patients, and 2.85
years (1–8.9 years) for the 81 patients with Graves’
ophthalmopathy. The gender distribution was
77% female and 23% male in patients with Graves’
disease and ophthalmopathy, and 81% female and
19% male in those patients without ophthalmo-
pathy (p = 0.57). Seventy per cent of the patients
developed Graves’ ophthalmopathy within 12
months before or after the onset of the hyperthy-
roidism. Among the 81 patients with ophthal-
mopathy 53 (65%) received no therapy or only
local protective agents. Twenty-five of these pa-
tients improved substantially, 26 did not change,
and 2 deteriorated progressively. These results

were independent of the severity of the EO (p =
0.42). Among the 11 patients initially treated with
systemic corticosteroids 7 improved, 3 did not
change, and 1 worsened. Five patients received ini-
tially orbital irradiation. Three improved and 2 did
not change after radiotherapy. Orbital decompres-
sion was performed in 3 patients. Nine patients
received a combination treatment. 

Conclusion: In conclusion, our study of a rela-
tively large patient sample revealed the known epi-
demiological facts regarding Graves’ disease and
endocrine ophthalmopathy. The majority of pa-
tients needed no therapy or only local protective
agents, and 47% improved spontaneously. Sys-
temic corticosteroids and orbital irradiation ap-
pear to be equally effective as initial treatment in
patients with more severe forms of Graves’ oph-
thalmopathy.
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stop smoking [19–23]. The following treatment
modalities are available in patients with severe EO:
systemic corticosteroids given orally or parenter-
ally, retrobulbar irradiation (high-voltage orbital
irradiation), microsurgical orbital liposuction, sur-
gical orbital decompression, immunosuppressive
agents such as cyclosporine, plasmapheresis, i.v.
gammaglobulins, or a combination of these thera-
peutic options. The choice of therapy needs to be

individualised. There is a lack of prospective con-
trolled trials, and the data on the outcome of treat-
ment regimens in unselected patient groups is in-
sufficient. We therefore examined a large number
of patients with Graves’ disease retrospectively for
the prevalence of EO, as well as the influence of
various forms of therapy on EO in different age
and gender groups.
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Consecutive patients with newly diagnosed Graves’
disease (n = 196), examined and managed for a period of
at least 1 year in the Division of Endocrinology and Dia-
betes of the University Hospital, Bern, Switzerland, be-
tween 1.1.1991 and 30.9.1998, were included in the study
sample. The diagnosis of Graves’ disease is based on clin-
ical findings, chemical laboratory results (TSH, free T4,
free T3, thyroid autoantibodies, especially thyreotropin
receptor and thyreoperoxidase antibodies), and as far as
possible sonographic (thyroid) and occasionally iodine-
131 scan findings. Free T4 was measured by means of lu-
minescent immunoassay by the firm CIBA-Corning until
15.1.1994, and thereafter by chemical luminescence 
(Chiron Diagnostics). Free T3 was examined by means of
radioimmunoassay (Amersham) until 30.4.94, by enzy-
matic immunoassay (Abbott) from 1.5.94 to 31.5.94, and
thereafter by means of chemical luminescence (Chiron
Diagnostics). The TSH results were determined by means
of immunoradiometric assay (Henning) until 15.1.1994,
and thereafter by means of chemical luminescence (Chi-
ron Diagnostics). The results of the TSH-receptor anti-
bodies were determined by means of the TRAK-Assay

radioreceptorassay (Brahms Diagnostica GmbH).
Diagnosis of EO in patients with Graves’ disease is

based on typical clinical eye signs including eyelid

swelling, chemosis, tearing, corneal erosions or ulcera-
tions, abnormal eye motility, exophthalmos (Hertel-ex-
ophthalmometry), and in part on imaging studies (CT or
MRI of the orbits). In euthyroid patients diagnosis of EO
is made using the diagnostic criteria of Bartley et al. [24],
i.e. lid retraction plus at least one of the following find-
ings: exophthalmos, signs of optic neuropathy, and signif-
icant ocular motility deficits.

The classification of EO was determined by a board
approved endocrinologist or ophthalmologist and is based
on the classification by the American Thyroid Association
from Werner’s [25] (table 1).

Only patients with stage 2 or higher EO were in-
cluded in the study, as the symptoms of stage 1 could also
be the result of hyperactivity of the sympathetic nervous
system and are not necessarily an expression of an im-
munogenic ophthalmopathy.

Patients in whom the disease history only indicated
suspected exophthalmos, and in whom the diagnosis was
not confirmed by Hertel-exophthalmometry, as well as pa-
tients with non-specific eye symptoms (e.g. mild burning
of the eyes or mild retrobulbar pressure sensation) were
placed in the “questionable EO” group.

EO was judged to be improved or worsened when at
least one of the following criteria was present:
– regression or progression of exophthalmos ≥2 mm

(Hertel-exophthalmometry);
– changes in the inflammatory symptoms and signs;
– regression or progression of diplopia;
– improvement or deterioration of vision.

The above mentioned data were obtained by review-
ing patient medical records. Statistical analysis was per-
formed using the StatView statistical software package
(Version 4.5, SAS Institute Inc., Cary, North Carolina,
USA). Fisher’s exact, unpaired t-test, and ANOVA were
used as appropriate. A p-value <0.05 was considered sig-
nificant.

Patients and methods

Results

Of the 196 patients included (157 female, 39
male) with Graves’ disease, 88 (45%) did not have
EO, 81 (41%) had EO, and 27 (14%) were placed
in the questionable EO category.

Of the 81 patients with EO, 3 patients had eu-
thyroid Graves’ disease, which indicates that they
were euthyroid for the entire duration of the ob-
servation period. The mean observation period in
these 3 cases was 2 years. In comparison the mean
observation period for all 196 patients was 3.24

years (1.0–8.9), and 2.85 years (1.0–8.9) for all 81
patients with Graves’ disease and EO. Sixty-two
(77%) of the patients with Graves’ disease and EO
were female, 19 (23%) were male. In patients with
Graves’ disease without EO 93 (81%) were female,
22 male (19%). The difference in these ratios was
not statistically significant (p = 0.47).

The average age of the patients with hyper-
thyroidism without EO was 41.9 years (21 to 81
years), and 41.6 years (16 to 77 years) in patients

0 No symptoms or signs

1 Signs only, no symptoms (signs consist of upper lid retraction, 
staring vision, lid lag)

2 Soft tissue involvement (symptoms and signs)

3 Exophthalmos

4 Extraocular muscle involvement

5 Corneal involvement

6 Loss of vision (optic neuropathy)

Table 1

Classification of
Graves’ ophthalmo-
pathy by Werner.



with hyperthyroidism and EO. In patients with
euthyroid Graves’ disease, the average age was 
43.3 years (27–71). Differences were statistically
not significant (p = 0.97, ANOVA). 

In 55 patients (70%) EO presented in the same
year as hyperthyroidism was diagnosed, in 11 pa-
tients (14%) EO occurred in the year following the
diagnosis of hyperthyroidism, and in 10 patients
(13%) EO presented over 2 years after the occur-
rence of hyperthyroidism. In 2 patients (3%), EO
was detected more than one year before the man-
ifestation of hyperthyroidism, and in no patient
more than 2 years before the manifestation of hy-
perthyroidism.

Concerning the degree of EO, 14 patients
(17%) had purely inflammatory signs (stage 2 ac-
cording to Werner), 44 (54%) exophthalmos only
(stage 3), 21 (26%) diplopia only (stage 4), and 2
patients (3%) cornea erosion or corneal ulceration
(stage 5). Clinically detectable optic nerve neu-
ropathy based on visual deterioration and visual
field defects if recorded was not seen in any patient.

Of the 81 patients with EO, 53 were not
treated or treated with local methods only (artifi-
cial tear fluid, anti-inflammatory eye drops), 11
were treated with systemic corticosteroid therapy,
5 with retrobulbar irradiation, and 3 with primary
surgical orbit decompression. Of the 11 primarily
treated with systemic corticosteroids, 6 had an un-

satisfactory result and radiotherapy was added as
an additional treatment method. One patient was
treated with additional systemic corticosteroids
after irradiation because there was no improve-
ment. In one patient after corticosteroid monothe-
rapy and in one patient after the combination of
systemic corticosteroids and irradiation, surgical
orbital decompression was performed because of
unsatisfactory clinical results. Oral corticosteroid
therapy was still given for a maximal period of 3
months in a dose of 20–60 mg prednisone equiva-
lent per day. Retrobulbar irradiation comprised 10
sessions at 2 Gray/day and not exceeding a total
dose of 20 Gray.

In table 2 an indication is given of which form
of therapy was applied for each stage of EO. Sys-
temic corticosteroid therapy was preferred for EO
stage 4, compared to radiotherapy. Retrobulbar
irradiation alone, and retrobulbar irradiation in
addition to primary corticosteroid therapy was
given mainly to patients with EO stages 3 and 4.

When looking at the patient group as a whole,
including specifically treated as well as non-treated
patients, the EO course of disease in 34 patients
(42%) was stationary, progressive in 3 (4%), re-
gressive in 26 (32%), and in 18 (22%) it resulted in
full remission.

Of the 53 patients with EO who received only
local therapy, 25 showed substantial improvement,
26 did not change, and 2 progressively deterio-
rated. An additional therapy with systemic corti-
costeroids and a radiotherapy were refused by
these 2 patients. Systemic corticosteroid monothe-
rapy lead to substantial recovery in 7 of 11 patients.
If the patients were included to receive additional
retrobulbar radiotherapy due to unsatisfactory re-
sponse to corticosteroid monotherapy alone (6 pa-
tients), as well as orbital decompression after ra-
diotherapy (1 patient), corticosteroid therapy lead
to substantial improvement or remission in 7 of 19
patients. Primary radiotherapy was effective in 3 of
5 patients, and in 3 out of 7 patients if the patients
were included to receive additional systemic corti-
costeroids and radiotherapy in conjunction with
orbital decompression. After ineffective systemic
corticosteroid therapy, 4 of 6 patients that required
additional radiotherapy of the orbits showed satis-
factory improvements. Table 3 shows the results of
different treatment regimens on the outcome of
EO disease, table 4 the relation between treatment
regimens, severity of disease and success rate.
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Discussion

Our study, conducted with a relatively large
number of patients, gave the following epidemio-
logical results. Graves’ hyperthyroidism occurs
predominantly in females, the f:m ratio being 4.2:1
in our patient sample. In the group of patients with
Graves’ hyperthyroidism and ophthalmopathy, the

f:m ratio was smaller (3.3:1), but this difference was
not statistically significant. This leads to the con-
clusion that the female sex is a risk factor for the
development of Graves’ hyperthyroidism on the
one hand, but on the other hand that the relative
risk for ophthalmopathy in cases with Graves’ hy-

Therapy no/local C RT C+RT C+D C+RT+D D

Total 53 11 5 7 1 1 3

Stage 2* 12 1 0 1 0 0 0

Stage 3* 33 3 3 4 0 0 1 

Stage 4* 7 7 2 2 0 1 2 

Stage 5* 1 0 0 0 1 0 0

C = corticosteroids; RT = radiotherapy of the orbits; 
D = surgical orbital decompression
* according to Werner

Table 2

Applied therapy
with EO stage.

Therapy no/local C RT C+RT C+D C+RT+D D

Total (n) 53 11 5 7 1 1 3

Regression 11 5 3 4 1 1 1 

Remission 14 2 0 0 0 0 2 

Unchanged 26 3 2 3 0 0 0

Worsening 2 1 0 0 0 0 0

Table 3

Results of different
treatment regimens.



perthyroidism is independent of gender. This is in
agreement with studies of Perros et al. [26] with a
similar f:m ratio of 4.05:1 in patients with Graves’
disease and EO. In contrast, the quotient was sig-
nificantly lower in patients with Graves’ hyper-
thyroidism with EO, than in those with Graves’
hyperthyroidism without EO, as reported by Mar-
cocci et al. (2.1 vs. 3.4) [27].

The age distribution demonstrated almost
identical average ages in patients with Graves’ dis-
ease with or without ophthalmopathy. Similarly
Marcocci et al. [27] demonstrated in a study of 221
patients with EO and 274 patients without oph-
thalmopathy, that the age distribution also was
identical in both groups. Apparently, the patient
age therefore does not contribute to an increase in
the risk for ophthalmopathy. 

In 81 or 85% of cases with Graves’ disease and
ophthalmopathy, the ophthalmopathy occurred
within an interval of 18 months prior or after man-
ifestations of the Graves’ hyperthyroidism [27, 28].
In our study Graves’ hyperthyroidism and oph-
thalmopathy were diagnosed in the same year in
70% of patients.

Three of the 81 patients with ophthalmopathy
had euthyroid Graves’ disease, defined as endo-
crine ophthalmopathy without hyperthyroidism
(and without Hashimoto’s hypothyroidism). 
The observation period in these cases was on
average only 2 years. It is known, however, that in
up to 5% of cases with Graves’s disease hyper-
thyroidism manifests 3 or more years after the
onset of ophthalmopathy [28]. Euthyroid Graves’
disease was seen in 19 of 221 patients (8.6%) in a
study by Marcocci et al., whereas Gorman et al.
found euthyroid Graves’ disease in 29 of 194 pa-
tients (15%). In the study by Marcocci et al. the
observation period was between 3 and 13 years,
while in the study by Gorman et al. this period was
<3 years in 22 of the 29 patients, explaining the
relatively high patient number with euthyroid
Graves’ disease. More authors found increased lev-
els of thyroid autoantibodies (especially thyreotro-
pin receptor and thyreoperoxidase antibodies), and
decreased TSH levels after TRH stimulation tests
and/or a depressed suppression of iodine-131 up-
take after treatment with triiodothyronine [10, 11,
27, 29, 30] in patients with euthyroid Graves’ dis-

Grave’s ophthalmopathy: natural history and treatment outcomes 606

classification n regression remission unchanged worsening

A: no or only local therapy (n = 53)

stage 2* 12 1 5 5 1

stage 3* 33 7 8 18 0

stage 4* 7 2 1 3 1

stage 5* 1 0 1 0 0

B: systemic corticosteroids (n = 11)

stage 2* 1 0 1 0 0

stage 3* 3 2 0 0 1

stage 4* 7 3 1 3 0

stage 5* 0 0 0 0 0

C: orbital irradiation (n = 5)

stage 2* 0 0 0 0 0

stage 3* 3 2 0 1 0

stage 4* 2 1 0 1 0

stage 5* 0 0 0 0 0

D: systemic corticosteroids and orbital irradiation (n = 7)

stage 2* 1 0 0 1 0

stage 3* 4 3 0 1 0

stage 4* 2 1 0 1 0

stage 5* 0 0 0 0 0

E: surgical orbital decompression (n = 3)

stage 2* 0 0 0 0 0

stage 3* 1 0 1 0 0

stage 4* 2 1 1 0 0

stage 5* 0 0 0 0 0

F: corticosteroids and surgical orbital decompression (n = 1)

stage 5* 1 1 0 0 0

G: corticosteroids, radiotherapy and surgical orbital decompression (n = 1)

stage 4* 1 1 0 0 0

* according to Werner

Table 4

Relation between
treatment regimens,
severity of disease
and success rate.



ease. In our study elevated thyreotropin receptor
and thyreoperoxidase antibodies were found in
only one of the 3 patients with euthyroid Graves’
disease. TRH-stimulation and triiodothyronine
suppression tests were not performed in these pa-
tients.

Clinically detectable optic neuropathy (ON) is
found on average in 3–5% of the patients with en-
docrine ophthalmopathy [5, 21, 32]. Visual im-
pairment is the main symptom of ON. However,
other methods used to detect optic neuropathy are
more sensitive than vision tests alone and also take
into consideration early forms of optic nerve dam-
age [33, 34]. Using visual evoked cortical poten-
tials (VECP) Salvi et al. found signs indicative of
optic neuropathy in 21 out of 88 patients (23.8%)
[31]. Considering the high prevalence of optic
neuropathy found by these authors, it is surprising
that optic neuropathy was not seen in any of our
patients. However, the diagnosis of optic neuropa-
thy in our patients was based on clinical examina-
tion only, based on visual deterioration and visual
field defects. More sensitive methods were not
available. Therefore, in our study the actual oc-
currence of optic neuropathy is probably underes-
timated. Furthermore the question arises whether
patients with obvious symptoms of optic neuropa-
thy would have been referred elsewhere.

The pathogenesis of optic neuropathy is
known. As a result of inflammatory swelling of the
interior of the orbit, especially of extraocular con-
nective tissue, fat and muscle tissue at the apex of
the orbit, compression of the optic nerve may arise
leading to optic neuropathy [33]. This process
does not always lead to exophthalmos which means
that optic neuropathy may also occur in the ab-
sence of exophthalmos [5, 35, 36].

In our sample, 25 of the 53 patients who re-
ceived no treatment or eye drops only, demon-
strated partial or total regression of endocrine
ophthalmopathy, and therefore had a favourable
spontaneous outcome. A descriptive study done by
Perros et al. showed the natural course of en-
docrine ophthalmopathy. This study analysed 101
patients who were seen at a centre specialising in
endocrine ophthalmopathy in Newcastle upon
Tyne, UK, during a 5-year period. In 59 of the 101
patients no indication existed for specific en-
docrine ophthalmopathy treatment. This sub-
group was observed for an average of 12 months.
In 13 of these 59 patients (22%) a significant spon-
taneous improvement was seen, and in 25 (42.4%)
moderate spontaneous improvement was seen
during this time. In 13 patients (22%) the disease
course was stable during the observation period,
while progressive deterioration was seen in 8 pa-
tients (13.5%) in whom immunosuppressive ther-
apy needed to be used [37].

In our patient sample systemic corticosteroids
were given orally in a total of 19 patients, in 11 pa-
tients as a monotherapy, in 6 patients in combina-
tion with orbital irradiation, in one patient com-
bined with surgical decompression, and in a fur-

ther patient with irradiation/surgery. Systemic
corticosteroids were effective in 7 of the total of 19
patients (39%). Numerous other studies have in-
dicated a positive effect of oral systemic steroid
therapy on endocrine ophthalmopathy in 33% to
61% [38–40]. Given parenterally and in high doses
(up to 1 g methylprednisone/day) corticosteroids
improved EO in 73 to 78% of the patients [41, 42]. 

The somewhat disappointing success of sys-
temic corticosteroid therapy in our study may be
related to the fact that none of our patients re-
ceived parenteral corticosteroid therapy. Further-
more, corticosteroid therapy was given in rela-
tively low doses of 20 to 60 mg prednisone equiv-
alents per day compared to the studies by Prum-
mel et al. and Bartalena et al. using respectively 60
mg prednisone equivalent and 70–80 mg methyl-
prednisone per day [38–40].

However, it is important to note that systemic
corticosteroid therapy was insufficient in 4 of 10
patients (40%) in whom endocrine ophthalmopa-
thy had already been present for more than one
year. Similarly, other studies have shown that little
effect is seen on endocrine ophthalmopathy by sys-
temic corticosteroids or radiotherapy if the disease
was present for more than one year [40, 42, 43]. A
long latent period between manifestation of en-
docrine ophthalmopathy and the initiation of ther-
apy also leads to an unfavourable response to treat-
ment. This latency is problematic in our centre
since we have little control over referral practices.

In our study, retrobulbar irradiation was suc-
cessful in 3 of 5 patients. Other studies showed im-
provement of radiotherapy with EO symptoms in
46–65% of cases [38, 43]. In a controlled, ran-
domised, double-blind study of 28 patients,
Prummel et al. showed that orbital irradiation was
equally effective as oral steroid therapy. The effi-
cacy in both treatment groups was 50% [38]. The
study also showed that although soft tissue signs
and eye muscle motility improved with both forms
of therapy, exophthalmos did not. On the basis of
the available data systemic corticosteroids and ra-
diotherapy can be regarded as equivalent therapy
options in those patients in whom endocrine oph-
thalmopathy presents with predominantly soft tis-
sue and eye muscle abnormalities. A further treat-
ment possibility would be a combination of both
methods, increasing the efficacy of therapy up to
75% [40, 44].

As hyperthyroidism per se could worsen an ex-
isting endocrine ophthalmopathy due to the hy-
peractivity of the sympathetic nervous system [4,
5, 18, 37, 45, 46], euthyroidism should be achieved
through thionamide treatment as soon as possible.
Ideally this should be done even before the onset
of specific EO therapy. If, however, severe optic
neuropathy or severe exophthalmos with corneal
ulceration and threatening perforation were pres-
ent, surgical decompression of the orbits should be
performed, even before euthyroidism is fully
achieved [4, 47–49].

In our study a total of 5 patients underwent
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surgical treatment. The indication in one case was
corneal damage, and in the remaining 4 patients
orbital decompression was done for diplopia and
exophthalmos. The diplopia persisted after orbital
compression in these patients, and a second oper-
ative procedure had to be performed to correct
strabism. The persistence or new development of
diplopia after surgery is a well-known complica-
tion [4, 50]. Corneal involvement with EO alone
is not an absolute indication for surgery. The de-
gree of corneal damage is the determining factor.
In one of our two patients with stage 5 EO, corneal
erosions healed with local therapy only.

Our study has some meaningful limitations.
First, there is a relatively small number of severe
cases, so we can’t draw definitive conclusions about
the treatment of these patients. Second, it is a ret-
rospective study with typical limitations in relation
to the strength, for example for the detection of
optic neuropathy. Furthermore, not all of our pa-
tients obtained regular ophthalmologic controls
by an ophthalmologist. Ideally, patients with
Graves’ opththalmopathy should be randomised
receiving either no or only local therapy, corticos-
teroids given orally or parenterally at a defined
dosage over a defined time period, radiotherapy, or
combination therapy with corticosteroids and ra-
diotherapy. The object of such a study is to find out
suitable answers to important questions such as
when, at which dosage or by which route to start
therapy with systemic corticosteroids, or whether

combination therapy with corticosteroids and or-
bital irradiation is superior to monotherapy, and at
which time surgical decompression of the orbits
should be performed.

In conclusion, our study of a relatively large
patient sample revealed the known epidemiologi-
cal facts regarding Graves’ disease and endocrine
ophthalmopathy. Our results corresponded with
numerous other studies showing that the majority
of patients needed no therapy or only local pro-
tective agents, and that 47% improved sponta-
neously. More severe forms of EO might be treated
satisfactorily with systemic oral therapy or radio-
therapy.

The most severe forms of EO, e.g. severe oc-
ular signs, cosmetically unacceptable exophthal-
mos, optic neuropathy and threatening blindness,
corneal ulceration or perforation, are fortunately
seldom seen. These are indications for surgery by
an experienced orbital surgeon. The treatment of
complex cases of EO necessitates cooperation be-
tween endocrinologists, ophthalmologists, radio-
therapists, and surgeons specialising in orbital pro-
cedures.
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