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Combined orbital irradiation and
systemic steroids compared with
systemic steroids alone in the
management of moderate-to-severe
Graves’ ophthalmopathy:
a preliminary study
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Objective. To assess the efficacy and safety of combined orbital irradia-
tion and systemic steroids in the management of moderate-to-severe
Graves’ ophthalmopathy.
Design. Single-blind randomised prospective study.
Setting. Regional hospital, Hong Kong.
Patients. Sixteen patients with active moderate-to-severe Graves’
ophthalmopathy who were randomly assigned to steroid therapy (ST
group) or combination therapy of orbital irradiation and systemic ster-
oids (SRT group) between June 2000 and June 2003.
Main outcome measures. NOSPECS scoring system, total eye score,
subjective eye score, and extra-ocular muscle thickness as determined by
either computed tomographic or magnetic resonance imaging scans.
Results. The study was completed by 15 of 16 patients. Both groups
experienced improvement in total eye score, soft tissue swelling, ocular
motility, visual acuity, and subjective eye score at 52-week follow-up.
Total eye score improved earlier in the SRT group, achieving statistical
significance (P<0.05) at as early as 4 weeks of follow-up. Improvement
in ocular parameters was greater and led to a significantly greater reduc-
tion in total eye score than in the ST group at weeks 16, 24, and 52.
Maximum extra-ocular muscle thickness was significantly reduced in the
SRT group only. No change was observed in proptosis in either group.
No serious adverse effect was observed with the addition of orbital irra-
diation to steroid therapy.
Conclusion. A combination of orbital irradiation and systemic steroids is
well tolerated and more effective than steroids alone in the treatment of
active moderate-to-severe Graves’ ophthalmopathy. It achieves greater
and more rapid improvement in soft tissue swelling, ocular motility, and
visual acuity.
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Introduction

Graves’ ophthalmopathy is an orbital inflammatory
condition that occurs in association with autoimmune
thyroid disease.1 It is severe and disabling in 3% to
5% of cases.2 The management strategy for moderate-
to-severe Graves’ ophthalmopathy is controversial.
Systemic steroids are often effective,3-6 but relapse is
common when they are tapered or withdrawn.7 A
number of retrospective studies have reported the
efficacy of orbital irradiation,8,9 but prospective stud-
ies have shown conflicting results.10-12 Some investi-
gators have suggested that steroids provide excellent
improvement in orbital inflammation in the short term,
whereas the effects of orbital irradiation take longer
time to appear.13 Studies that have compared combi-
nation therapy of orbital irradiation and systemic
steroids with steroids-alone therapy have produced
conflicting results.14-16 We conducted a 1-year
randomised controlled trial to assess the efficacy and
safety of the combination therapy versus steroids-alone
therapy in the management of moderate-to-severe
Graves’ ophthalmopathy.

Patients and methods

This was a prospective single-blind randomised
controlled trial. Informed written consent was obtained
from all patients and study approval granted by the
Ethics Committee of the Queen Elizabeth Hospital.

Patients with previously untreated moderate-to-
severe Graves’ ophthalmopathy who had normal
values of free thyroxine (FT4) at presentation were
recruited. Moderate-to-severe ophthalmopathy was
defined by the NOSPECS categories17—class 2 grade
a, b, c plus one or more of the following: class 3 grade
b, c (significant proptosis); class 4 grade a, b, c
(impairment of ocular motility); or class 6 grade a, b,
c (impairment of visual acuity). Class 5 patients were
not recruited because corneal injury is usually healed

by local measures and does not necessarily reflect
disease severity. Patients with compressive optic
neuropathy were recruited only if they refused surgery
or if surgery was contra-indicated. Exclusion criteria
included a history of Graves’ ophthalmopathy longer
than 2 years; previous treatment for Graves’
ophthalmopathy; pregnancy; active peptic ulcer; sepsis;
aged younger than 20 or older than 80 years; history
of other eye diseases such as glaucoma, diabetic
retinopathy, or maculopathy; history of other diseases
requiring steroid treatment or psychiatric disorders; and
reluctance to participate in a study.

All patients were assessed by an independent
ophthalmologist and an endocrinologist prior to
randomisation. Information on age, past health,
smoking habit, duration of Graves’ disease and
Graves’ ophthalmopathy, and previous as well as
current treatment histories were obtained. A thorough
physical assessment was performed including
measurement of blood pressure and body weight.
Computed tomography or magnetic resonance imag-
ing (MRI) of the orbits was performed before starting
treatment, together with chest X-ray and the follow-
ing baseline measurements: FT4, thyroid-stimulating
hormone (TSH), anti-thyroglobulin antibody titre, anti-
microsomal antibody titre, renal and liver function
tests, fasting cholesterol and triglyceride levels, com-
plete blood picture, hepatitis B surface antigen, and
stool for ova and cyst.

Patients were randomised to one of the two treat-
ment groups—steroids-alone therapy (ST group) or
combination therapy of orbital irradiation and systemic
steroids (SRT group). The steroid regimen was the
same for each group: intravenous methylprednisolone
500 mg in 100 mL normal saline over 1 hour for 3
consecutive days, followed by 0.7 mg/kg oral pred-
nisolone daily for 4 weeks. From week 5, the dose
of prednisolone was reduced by 5 mg per week until
it reached 5 mg per day. It was then further reduced to
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Computed tomography or MRI of the orbits was re-
peated at week 24 to assess the maximum extra-ocular
muscle thickness. The thickness of superior rectus and
inferior rectus was determined in the coronal section,
whereas the thickness of medial rectus and lateral
rectus was measured in the transverse section. In
addition, subjects were asked to rate their eye symp-
toms on a scale from 1 to 5 (with 1 being worst and
5 best) to produce a subjective eye score (SES).

Blood pressure, body weight, FT4, renal and liver
function tests, and complete blood picture were
monitored at every follow-up visit. Fasting lipids
were checked again at week 12. Drug compliance was
assessed by pill counting.

Statistical analysis
Statistical analysis was performed on an intention-to-
treat basis, provided that the patients had at least one
set of post-baseline efficacy data at week 4. The last-
value carried forward principle was applied to subjects
who did not complete the study. Baseline data of
the two treatment groups were compared using
Chi squared test, Fisher’s exact test, or student’s t test,
as appropriate. Outcome parameters at different time
points were compared with baseline within the
same group by Wilcoxon signed rank test. Parameters
between the two treatment groups were compared
using the Mann Whitney U test for continuous data.
To avoid the pitfall of finding a difference by chance
due to multiple testing, results were confirmed by

2.5 mg daily for 1 more week and then stopped. Total
length of steroid therapy was approximately 3 months.
If total eye score (TES) deteriorated by more than 4
during steroid reduction, the previous dose of steroid
was reinstated and reduction slowed to 5 mg every 2
weeks. Patients in the SRT group underwent bilateral
orbital irradiation within 2 weeks of pulse steroid
therapy. A total of 20 Gy was delivered via two
laterally opposed 6 mega volts photon beams in 10
fractions over 2 weeks. The 4 by 4 cm fields had the
anterior border located just behind the lateral canthus
and covered the entire orbit on both sides. The fields
were angled 10 degrees posteriorly to avoid irradiat-
ing the contralateral lens and cornea.

Patients were re-assessed at weeks 4, 8, 12, 16, 24,
and 52 by the same endocrinologist, ophthalmologist,
and radiologist; the latter two blinded to treatment
regimen. Ophthalmic parameters including soft tissue
involvement, degree of diplopia (ocular motility),
proptosis, intra-ocular pressure, and best-corrected
visual acuity (BCVA) were recorded. Disease severity
was classified according to the NOSPECS system.17

Response in soft tissue swelling and diplopia was
defined as follows: “Improved” if there was a decrease
in the grade of NOSPECS scale from baseline, “static”
if there was no change, and “worse” if there was an
increase. To give a composite picture, the TES was
calculated by multiplying each NOSPECS grade by
its class (substituting 1, 2, 3 for grade a, b, c,
respectively) and taking the sum of all products.18

29 patients with moderate-to-
severe Graves’ ophthalmopathy

16 randomised to 2 groups

13 excluded

8 steroids-alone therapy
(ST group)

7 completed study

1 died before first post-
intervention assessment

1 received irradiation at
week 32

8 combination therapy of orbital
irradiation and systemic steroids

(SRT group)

8 completed study

Fig 1. Trial profile
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using repeated analysis of variance (ANOVA) meas-
ures after logarithmic transformation of the data to
obtain parametric distributions. Since visual acuity as
measured by the Snellen chart was not linear, it was
transformed into logMAR units (decimal logarithm of
the minimum angle of resolution) before statistical
analysis. Analysis was performed using Statistical
Package for the Social Sciences (Windows version
11.0; SPSS Inc, Chicago [IL], United States). All
statistical tests were two-sided, with an α level of
0.05.

Results

A total of 29 patients with moderate-to-severe Graves’
ophthalmopathy who presented to the thyroid clinic
of the Queen Elizabeth Hospital or the Hong Kong
Eye Hospital between June 2000 and June 2003
were assessed. Thirteen patients were excluded for
the following reasons: aged younger than 20 years
(n=1), compressive optic neuropathy requiring urgent
decompression (n=2), previous treatment for Graves’
ophthalmopathy (n=6), reluctance for immunosuppres-

Table 1.  Baseline characteristics of study subjects

Characteristic Group receiving systemic Group receiving a combination of
steroids only, n=8* orbital irradiation and systemic

steroids, n=8*

Sex ratio (F:M) 1:7 5:3
Mean age (SD) [years] 48.3 (16.0)† 64.1 (9.7)†

Duration (months) before intervention of
Qhyperthyroidism 10.0 (4.0-76.0) 12.0 (4.0-60.0)
QGraves’ ophthalmopathy 03.0 (1.0-10.0) 02.5 (0.5-10.0)
No. of subjects with a history of
Qanti-thyroid drugs 8 8
Qradioactive iodine 2 3
Qthyroidectomy 0 0
No. of current smokers 3 2
Mean free thyroxine (SD) [pmol/L] 17.3 (4.1) 20.2 (8.2)
Soft tissue involvement
QNone 0 0
QMild 1 2
QModerate 6 5
QMarked 1 1
Proptosis by Hertel exophthalmometer (mm) 21.5 (19.0-26.0) 21.0 (18.0-25.0)
No. of subjects with diplopia
QNone 0 0
QLimitation of motion in extreme gaze 4 5
QEvident restriction of motion 4 3
QFixation of globe 0 0
logMAR best-corrected visual acuity 0.15 (0.00-1.30) 0.19 (0.10-2.00)
Total eye score (range, 0-45) 16.5 (9.0-37.0)0 18.0 (11.0-34.0)
Intra-ocular pressure (mm Hg) 15.0 (9.0-23.0)0 18.0 (15.0-28.0)
No. of patients with optic neuropathy 2 3
Subjective eye score (reference range, 1-5) 02.0 (1.0-3.0)00 02.0 (1.0-3.0)00
Maximum thickness of extra-ocular 0.80 (0.60-0.90) 0.86 (0.66-1.00)
muscle on imaging (cm)

* Data are shown in median (range), unless otherwise stated
† P=0.01

Table 2.  Changes in the grades of soft tissue involvement and ocular motility versus baseline in the NOSPECS
system at week 52 in the two treatment groups

Group receiving systemic steroids Group receiving a combination of P value
only, n=7 (ST group) orbital irradiation and systemic (ST vs SRT

steroids, n=8 (SRT group) groups)
Improved Static Worse Improved Static Worse

Soft tissue involvement 2 5 0 7 1 0 0.04
at week 52
Ocular motility 2 4 1 7 1 0 0.04
at week 52
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sive therapy (n=2), or a history of ophthalmopathy for
more than 2 years (n=2) [Fig 1]. Sixteen subjects were
recruited: eight were randomised to receive steroids
alone and another eight a combined orbital irradiation
and systemic steroids. One patient in the ST group
died of community-acquired pneumonia 3 weeks
after initiation of treatment. As he died before the first
post-intervention assessment (week 4), his results
were excluded in the efficacy analysis. The remaining
seven subjects were followed up until week 52. All
eight subjects in the SRT group were followed up
until week 52. A history of radioiodine therapy was
present in five patients: the mean time between
therapy and onset of ophthalmopathy was 16.0 months
(standard deviation [SD], 18.1; median, 9; range,
5-48 months). During the study period, all patients
fell within the normal ranges for FT4 (12-22 pmol/L)
and TSH (0.27-4.2 mIU/L). Steroids were withdrawn
prematurely in one of the ST group patients because
of recurrent Ramsay Hunt syndrome, and one in the
SRT group because of gastro-intestinal upset.

Reintroduction of or stepping up to a previous
steroid dose was required by three subjects in the
ST group and four in the SRT group because of a

recurrence or flare-up of soft tissue inflammation. The
total duration of steroid treatment was less than 6
months in all subjects. The cumulative dose of steroids
was similar in both treatment groups (4460 mg [SD,
2613 mg] and 4243 mg [SD, 1454 mg] for ST and
SRT groups, respectively; P=0.78). One patient in the
ST group had markedly congested eyes and requested
adjuvant irradiation at week 32.

Both eyes were often not affected to the same
degree in Graves’ ophthalmopathy. Data for the worse
eye were reported and used for analysis. Baseline
characteristics of the study subjects are presented in
Table 1. There was no statistically significant differ-
ence between the two groups in baseline characteristics,
except for the greater age of subjects in the SRT group.

Changes in soft tissue and ocular motility are shown
in Table 2. At 52-week follow-up, seven (87.5%) of
eight subjects in the SRT group versus only two
(28.6%) subjects in the ST group showed im-
provement in both parameters (P=0.04). None of
the subjects in the ST group achieved normal eye
motion by week 52, in contrast to five (62.5%)
subjects in the SRT group (Fisher’s exact test;

Table 4.  Mean changes between baseline and week 52 in ophthalmic parameters in the two treatment groups*

Ophthalmic parameter Group receiving Group receiving a combination P value
systemic steroids only, of orbital irradiation and systemic (ST vs SRT groups)

n=7 (ST group) steroids, n=8 (SRT group)

Proptosis (mm) -0.14 (-1.27 to 0.98)- 2-0.31 (-1.51 to 0.89)- 0.955
logMAR best-corrected -0.05 (-0.21 to 0.11)- 2-0.38 (-0.77 to 0.02)- 0.054
visual acuity
Total eye score -5.00 (-7.72 to -2.28) -11.75 (-18.13 to -5.37)- 0.029
Intra-ocular pressure (mm Hg) -1.29 (-5.34 to 2.77)- 2-4.44 (-8.52 to -0.36) 0.054
Subjective eye score +1.14 (0.31 to 1.98)-- 2+1.13 (0.83 to 1.42)-- 0.779
Maximum thickness of -0.12 (-0.34 to 0.10)- 2-0.21 (-0.38 to -0.05) 0.491
extra-ocular muscle† (cm)

* Data are shown in mean (95% CI)
† Orbital imaging was done at weeks 0 and 24

Table 3.  Degree of proptosis, logMAR best-corrected visual acuity (BCVA), total eye score (TES), and intra-
ocular pressure of subjects in the two treatment groups at week 0, 4, 8, 12, 16, 24, and 52*

Week Proptosis (mm) logMAR BCVA TES Intra-ocular
(absolute value) pressure (mm Hg)

ST† SRT‡ ST SRT ST SRT ST SRT

10 22.3 (2.5)§ 21.1 (2.6) 0.31 (0.43) 0.60 (0.74)§ 18.1 (8.7)§ 20.6 (8.5)§ 16.1 (5.0) 19.4 (4.3)§
14 22.1 (2.5)§ 20.6 (1.8) 0.19 (0.05) 0.45 (0.65)§ 14.3 (3.7)§ 16.8 (7.5)§ 17.0 (4.7) 20.6 (2.2)§
18 22.1 (2.4)§ 20.4 (1.8) 0.19 (0.06) 0.45 (0.65)§ 13.7 (3.4)§ 15.1 (7.4)§ 19.7 (1.2) 18.3 (2.3)§
12 22.7 (2.9)§ 20.8 (2.1) 0.19 (0.06) 0.47 (0.64)§ 13.4 (3.9)§ 13.9 (8.4)§ 20.3 (0.6) 19.4 (3.0)§
16 22.4 (2.2)§ 20.9 (1.6) 0.16 (0.10) 0.45 (0.54)§ 13.4 (3.9)§ 11.8 (5.1)§ 16.3 (5.5) 18.3 (2.4)§
24 23.0 (2.9)§ 20.0 (2.0) 0.09 (0.07) 0.39 (0.55)§ 12.0 (4.2)§ 19.5 (5.5)§ 15.0 (4.7) 16.0 (2.3)§
52 22.6 (2.8)§ 20.8 (2.0) 0.12 (0.06) 0.22 (0.38)§ 10.4 (4.8)§ 18.9 (5.1)§ 14.9 (4.0) 14.9 (3.5)§

* Data are shown in mean (SD)
† Group receiving systemic steroids only
‡ Group receiving a combination of orbital irradiation and systemic steroids
§ P<0.05 compared with values at week 0
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P=0.026). No significant improvement was observed
in the degree of proptosis in either group up to 52
weeks of follow-up. In the ST group, a transient
improvement was seen at week 8, but did not persist
and was clinically insignificant.

For visual acuity, pretreatment Snellen BCVA
ranged from 20/400 to 20/20 in the ST group, with a
median of 20/30 (logMAR, 0.15) and a mean of 20/31,
corresponding to a mean logMAR BCVA of 0.31 (SD,
0.43). At 52 weeks, the Snellen BCVA ranged from
20/30 to 20/20, with a median of 20/29 and a mean of
20/26, corresponding to a mean logMAR BCVA of
0.12 (SD, 0.06). The change in logMAR BCVA at 52
weeks was not statistically significant (P=0.40 by
Wilcoxon signed rank test, P=0.09 by repeated
measures ANOVA). In the SRT group, pretreatment
Snellen BCVA ranged from 20/2000 to 20/25, with a
median of 20/36 and a mean of 20/42, corresponding
to a mean logMAR BCVA of 0.60 (SD, 0.74). At
52 weeks, the Snellen BCVA ranged from 20/285 to
20/20, with a median of 20/29 and a mean of 20/26,
corresponding to a mean logMAR BCVA of 0.22 (SD,
0.38). The change in logMAR BCVA was statistically
significant at 24 (P=0.022) and 52 (P=0.009) weeks
(repeated measures ANOVA, P=0.01) [Table 3].
Comparison between the two groups showed that the

SRT group had a marginally greater improvement in
logMAR BCVA at week 52, with borderline statistical
significance (P=0.054) [Table 4]. Nonetheless this
was not confirmed by repeated measures ANOVA
(P=0.135).

In the ST group, there was no significant reduction
in intra-ocular pressure after treatment. In the SRT
group, mean intra-ocular pressure decreased from
19.4 mm Hg (SD, 4.3 mm Hg) to 14.9 mm Hg
(SD, 3.5 mm Hg) at week 52 (P=0.01) [repeated meas-
ures ANOVA, P<0.01; Table 3]. One subject in the ST
group and two in the SRT group were given topical
glaucoma medication transiently for elevated intra-
ocular pressure. Comparison between the two groups
showed a marginally greater reduction in intra-ocular
pressure for the SRT group by week 52 (P=0.054)
[Table 4], but significance was not confirmed by re-
peated measures ANOVA (P=0.13).

Total eye score declined more quickly in the SRT
group than in the ST group (Fig 2). In the ST group,
TES at week 24 and 52 were significantly lower
than baseline (P=0.027 and P=0.017, respectively)
[repeated measures ANOVA, P<0.01]. In the SRT
group, TES at week 4, 8, 12, 16, 24, and 52 were
all significantly lower than baseline (P=0.024, 0.017,
0.027, 0.018, 0.012, and 0.012, respectively) [repeated
measures ANOVA, P<0.01; Table 3]. The differences
between the two groups were statistically significant
at weeks 16, 24, and 52 (P=0.029, 0.006, and 0.029,
respectively). These differences were confirmed by
repeated measures ANOVA (P<0.01). No association
was found between the improvement in TES and age
using the linear regression model (P=0.09).

The mean SES of the ST group increased from 2.0
(SD, 0.9) at week 0 to 3.3 (SD, 0.8) at week 52
(P=0.02), whereas that of the SRT group increased
from 2.1 (SD, 0.8) to 3.3 (SD, 0.7) [P<0.01]. There
was no statistically significant difference in the change
in SES between two groups (P=0.779) [Table 4].

The mean maximum thickness of extra-ocular
muscles was 0.82 cm (SD, 0.12 cm) before therapy
and 0.61 cm (SD, 0.12 cm) 6 months after therapy in
the SRT group, with a significant mean reduction of
0.21 cm (95% confidence interval, -0.38 to -0.05;
P=0.035). In the ST group, it measured 0.79 (SD,
0.11) cm before therapy and 0.64 (SD, 0.13) cm at
6 months (mean reduction, 0.12 cm; 95% confidence
interval, -0.34 to 0.10; P=0.194). Comparison between
the two groups showed no significant difference in
the reduction in maximum extra-ocular muscle
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Fig 2. Changes in the total eye score (TES) in the
group receiving systemic steroids only (ST group) and
the group receiving a combination of orbital irradiation
and systemic steroids (SRT group), illustrating
improvement in both groups
Improvement was observed earlier in SRT group
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thickness over a follow-up period of 24 weeks
(P=0.491) [Table 4].

Most adverse effects could be attributed to steroid
treatment, including moon face, weight gain, transient
leukocytosis, and hyperlipidaemia. Each of these
developed in three to four subjects in each group. In
addition, hot flushes during pulse steroid therapy,
gastro-intestinal upset, hypertension, insomnia, and
eye or nose infections were each observed in two to
three subjects. One patient had acne and another had
recurrent Ramsay Hunt syndrome. Orbital irradiation
was well tolerated. Three subjects experienced a mild
exacerbation of peri-orbital swelling and transient
redness of the eyes that lasted for a few days in the
first week of irradiation, and three had temporal hair
loss.

Discussion

Two phases are recognised in the natural history of
Graves’ ophthalmopathy: an initial active inflamma-
tory phase and a late chronic fibrotic phase. During
the active phase, various modalities of immuno-
modulatory therapy such as systemic steroids,3-5,19

cyclosporine,18 azathioprine, cyclophosphamide,20

plasmapheresis,21 intravenous immunoglobulin,22

somatostatin23 as well as orbital irradiation9-11,13,24 have
been employed. Nonetheless, studies of their efficacy,
alone or in combination, are few and yield conflicting
results.10-12,14,16 This may be due to different study
designs, recruitment of patients at different stages of
Graves’ ophthalmopathy, and the subjective nature of
most ophthalmic parameters.

Experience is most extensive with systemic
steroids that constitute the cornerstone of medical
treatment for Graves’ ophthalmopathy. Unfortunately
up to 35% of patients with Graves’ ophthalmopathy
treated with systemic steroids show no significant
improvement.25 Whether a combination of orbital
irradiation with systemic steroids can achieve better
results is controversial. Steroids suppress the inflam-
matory process by reducing orbital infiltration by
lymphocytes and synthesis of glycosaminoglycan by
orbital fibroblast,19 while orbital irradiation probably
acts by killing off culprit lymphocytes and orbital
fibroblasts. Since the actions of steroids and local
irradiation are different, they may theoretically have
synergistic effects in suppressing the inflammatory
process. A greater improvement in soft tissue
involvement, newly developed ophthalmoplegia
and optic neuropathy with combined orbital irradia-
tion and systemic steroids has been observed,14

although a more recent study failed to demonstrate
any treatment effect on rectus muscle hypertrophy
or proptosis.16

Patients in this study were recruited early on in the
course of disease, after a median duration of only 2.5
to 3 months of eye symptoms. This aimed to eliminate
the confounding effect of spontaneous remission of
Graves’ ophthalmopathy. The changes in both indi-
vidual ophthalmic parameters and the TES in the
two treatment groups were measured. The TES was
devised to facilitate a quantitative comparison between
different treatment regimens.18 A greater improvement
in TES in the SRT group was observed by as early as
week 16 and was associated with improvement in
soft tissue swelling, ocular motility, and visual acuity.
The improvement in soft tissue inflammation and
ocular motility concurred with the previously reported
effects of irradiation in Graves’ ophthalmopathy.10,11,24

Since the assessment of soft tissue swelling and
extra-ocular muscle involvement using the NOSPECS
grading is only semi-quantitative, we attempted to
quantify the effects by measuring the maximum
extra-ocular muscle thickness with imaging studies.
While a greater improvement in this parameter was
observed with the SRT group than with the ST group,
the difference between the two groups did not achieve
statistical significance, possibly because of the small
sample size.

Combination therapy led to a marginally greater
improvement in visual acuity at 1 year than the ST
group. Improvement in intra-ocular pressure was
also observed in the SRT group, in parallel with the
improvement in visual acuity, though local medica-
tion might have contributed to the effect. Albeit not
to a statistically significant level, subjects receiving
the combined therapy had poorer vision and higher
intra-ocular pressure at baseline, and the possibility of
a greater improvement due to the ‘regression towards
the mean’ phenomenon cannot be excluded.

The degree of proptosis was unaffected by the
therapy in this study, in concordance with findings of
others.10,16 Proptosis develops as a result of increased
volume of both extra-ocular muscles and orbital
adipose tissue.26 The latter has not been shown to
respond to immunosuppression.27 Although the
maximum thickness of the extra-ocular muscles as
measured from imaging studies was reduced by a
mean of 0.21 cm, the magnitude of improvement
may be too small to be detected clinically using
the Hertel exophthalmometer. There was also no
difference in the SES between the two groups; this
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may have been due to the small sample size or the
failure to use a validated disease-specific Graves’
ophthalmopathy quality-of-life questionnaire.28

One patient in the ST group had to be excluded
from analysis because he died from pneumonia at
3 weeks, before the first post-treatment assessment.
High-dose systemic steroids induce potent, potentially
fatal, immunosuppression, especially in the elderly
and in subjects with other co-morbidities. In contrast,
orbital irradiation is well tolerated and no patients
reported any serious adverse effects. Nonetheless,
the study was not long enough to detect late-onset
side-effects such as secondary tumour development.
Patients had only mild temporal hair loss and transient
exacerbation of orbital congestion. Other complica-
tions such as cataracts, optic atrophy, and retinopathy
have been infrequently reported in other studies.27,29,30

Performing good clinical trials in the treatment of
Graves’ ophthalmopathy is fraught with procedural
and interpretive difficulties.31 One patient in the
ST group had rebound soft tissue inflammation and
requested adjuvant irradiation at week 32. One
may question whether his outcome data after the
administration of orbital irradiation should be excluded
from analysis. Based on the intention-to-treat principle,
it was decided to include his outcome data at all
time points in the analysis, with a note of caution
that this might thereby overestimate the efficacy of
the steroids-alone therapy. The strength of this study
lies in the recruitment of patients early in the course
of Graves’ ophthalmopathy, while they were still in
the inflammatory phase of the disease; and in the
recruitment of patients who did not receive any prior
treatment. However, the stringent recruitment criteria
significantly limited the number of eligible subjects.
The resultant sample size was small, making it diffi-
cult to ensure equivalence in baseline characteristics
and introducing the possibility of inadequate statisti-
cal power. The patients receiving combination therapy
were older by chance. Age did not correlate with the
clinical response but the significance of age on the
natural history of Graves’ ophthalmopathy is unknown.
Patients in this study were not free from bias, as they
were not blinded to the allocation of treatment. A
better study design would be the use of sham irradia-
tion to the ST group. The detection of a significant
difference between the two groups in TES despite the
small sample size and wide confidence interval was
nevertheless encouraging. It suggests that orbital
irradiation considerably augments the treatment effects
of systemic steroids. Larger-scale and longer-term
studies will provide more definitive answers.

The preliminary results of this study suggest
that a combination of orbital irradiation and sys-
temic steroids is well-tolerated and more effective
than steroids alone in the management of active
moderate-to-severe Graves’ ophthalmopathy. There
is a greater improvement in soft tissue swelling,
ocular motility, and visual acuity up to 52 weeks
after treatment.
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