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Purpose: To assess the efficacy of various treatment regimens for patients with EO 
associated with Graves’ disease based on the retrospective analysis of clinical data, 
thyroid-stimulating hormone (TSH) receptor autoantibodies (TSHR-Ab) titers and 
orbital ultrasound imaging findings.
Material and Methods: We retrospectively reviewed the medical records (including 
clinical and laboratory data and findings of ultrasound imaging of retrobulbar adipose 
tissue) of 155 patients with EO associated with Graves’ disease and either euthyroidism 
(in the presence of antithyroid therapy) or postoperative compensated hypothyroidism 
that underwent treatment at Komisarenko Institute for Endocrinology and Metabolism 
between 2009 and 2019. The duration of EO ranged from 8 months to 36 months. 
Patients with EO associated with Graves’ disease were medically treated in the presence 
of stable euthyroidism. Patients were divided into 4 groups based on the glucocorticoid 
treatment scheme. Group 1 of 15 patients received prednisolone tablets per os; group 
2 of 68 patients, intravenous methylprednisolone (MP) pulse therapy only; group 3 of 
32 patients, intravenous MP pulse therapy plus vitamin D3; and group 4 of 40 patients, 
intravenous MP pulse therapy 8 to 12 months after thyroidectomy.
Results: As soon as 3 months after treatment initiation, there was an improvement in 
condition of patients in all groups as assessed by clinical examination, followed by 
further improvement by 6 months and 12 months. The best results were obtained in 
patients of group 4, with a statistically significant improvement in clinical condition 
(p < 0.05). Retrobulbar adipose tissue thickness as assessed by orbital ultrasound 
at baseline and at 6 months and 12 months was statistically significantly greater in 
patients of all the four groups than controls (p < 0.05). At 6 months, serum TSHR-
Ab levels in groups 1, 2 and 3 significantly decreased compared to baseline, with no 
significant difference between these groups, whereas serum TSHR-Ab level in group 4 
was significantly higher than in other groups both at baseline and at 6 months. At 12 
months, serum TSHR-Ab level in group 4 was significantly lower (р < 0.05) than in 
other groups (2.41 ± 0.81 mU/L versus 5.97 ± 1.71 mU/L for group 1, 5.49 ± 1.27 mU/L 
for group 2, and 6.17 ± 1.18 mU/L for group 3).
Conclusion: Patients with EO associated with Graves’ disease in group 4 (intravenous 
MP pulse therapy after thyroidectomy) showed a significantly better (р < 0.05) 
treatment outcome than patients in other groups. Ultrasound imaging of retrobulbar 
adipose tissue thickness is inadequately informative for assessing treatment efficacy.
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Introduction 
Endocrine ophthalmopathy (also referred to as Graves’ 

ophthalmopathy, endocrine orbitopathy, malignant 
exophthalmos, and thyrotoxic ophthalmopathy) is an 
organ-specific and progressive chronic autoimmune disease 
which is manifested by complex lesions of the soft tissues 
of the orbit, and characterized by edema, lymphocyte 
infiltration, proliferation of retrobulbar adipose tissue, 

extraocular muscles and adipose tissue, exophthalmos and 
ocular paresis [1, 2, 3, 4, 5, 6]. Autoimmune inflammatory 
process in retrobulbar soft tissue may develop in individuals 
with hypothyroidism, hyperthyroidism, or euthyroidism 
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[7]. Endocrine ophthalmopathy (EO) is found in 5-20% 
of patients with Graves’ disease [8, 9, 10]. The prevalence 
of Graves’ orbitopathy (GO) in Europe is as high as about 
10/10,000 persons, and the prevalence of unilateral GO 
is 0.50–1.50/10,000 persons [11]. The disease occurs 
more common in women than in men, and the incidence 
of Graves’ hyperthyroidism in the general population of 
Sweden is 210 per million per year, with a female:male 
ratio of 3.9: 1 and a peak incidence between 40 and 60 
years. Of the people with the disease, almost 9 percent 
have a severe disorder, which can result in abrupt loss of 
vision due to optic neuropathy. The disease occurs more 
common in women than in men with a female:male ratio 
of 4:1, and a peak incidence between 40 and 60 years [12]. 
Ophthalmopathy is associated with Graves’ disease in 90-
95% and with autoimmune thyroiditis in 5% of euthyroids 
or patients with hyperthyroidism. In addition, it is found 
in 5% of individuals in the presence of normal thyroid 
hormone and normal thyrotropin (TSH) levels and in the 
absence of history of autoimmune disease [5, 13, 14].

Management of endocrine ophthalmopathy associated 
with Graves’ disease is a current multidisciplinary 
issue. The treatment strategy depends on the severity of 
clinical symptoms and focuses first on the achieving and 
maintaining euthyroidism as soon as possible, and second 
on the subsequent management of EO proper [15]. Steroid 
therapy has been the first-line treatment of EO since 1960 
[16, 17, 18]. The 2016 European Thyroid Association/
European Group on Graves' Orbitopathy (EGOGO) 
Guidelines for the Management of Graves' Orbitopathy 
recommend that high-dose intravenous glucocorticoids be 
considered as first-line treatment for moderate-to-severe 
and active GO [2, 11, 12]. Another treatment option is 
a combination of glucocorticoids with cytostatics and 
tyrosine kinase inhibitors [12, 19, 20]. 

The international guidelines state that glucocorticoid 
pulse therapy is the safest and most effective method of 
the introduction of steroid hormones. This treatment 
involves a single-stage high-dose introduction of steroid 
agent to cause immunosuppressive, anti-inflammatory and 
anti-edematous effects. The glucocorticoid pulse therapy 
frequency and dose depend on the severity of EO, patient’s 
age and presence or absence of chronic comorbidities. In 
addition, the choice of pulse therapy regimen depends on 
the clinical setting as well as patient fitness [2, 8, 21].

Methylprednisolone is currently the most popular 
drug used for prolonged treatment of patients with 
ophthalmopathy associated with active Graves’ 
disease [12, 22, 23]. In has been reported on the use of 
methylprednisolone in intravenous doses of 125 mg to 250 
mg per day, with a subsequent change to a daily tablet dose 
of 1 to 1.5 mg/kg body weight. Others reported on the use 
of methylprednisolone pulse therapy at a dose of 500 mg 
per day once weekly for 6 weeks followed by of 250 mg 
per day once weekly for another 6 weeks. Some authors 
pointed to the evanescent effect of this treatment with a 
high risk of complications like liver insufficiency, elevated 

blood pressure, and abnormal metabolism of hydrocarbons 
[12, 22, 24, 25].

Treatment efficacy is assessed by clinical examination, 
orbital ultrasound imaging and/or orbital magnetic 
resonance imaging (MRI). Orbital ultrasound imaging is 
less accurate than orbital MRI with regard to the assessment 
of extraocular muscle volume, likely due to fibrosis which 
is common in EO and makes muscle delineation difficult 
[26, 27, 28]. In addition, MRI enables measurement of 
the thickest extraocular muscle compartment, whereas a 
viewing angle is a limitation of orbital ultrasound imaging 
[14]. Moreover, compared to MRI, orbital ultrasound 
imaging is less accurate for the visualization of the 
posterior orbit [28] and bone architecture, but it is more 
readily available, and, consequently, more frequently used 
for localization of the pathological process in EO.

The purpose of this study was to assess the efficacy of 
various treatment regimens for patients with EO associated 
with Graves’ disease based on the retrospective analysis of 
clinical data, thyroid-stimulating hormone (TSH) receptor 
autoantibodies (TSHR-Ab) titers and orbital ultrasound 
imaging findings.

Material and Methods
We retrospectively reviewed the medical records of 

155 patients with EO associated with Graves’ disease 
and either euthyroidism (in the presence of antithyroid 
therapy) or postoperative compensated hypothyroidism 
that underwent treatment at the Department of General 
Endocrine Pathology of the Komisarenko Institute for 
Endocrinology and Metabolism between 2009 and 2019. 
There were 125 women and 30 men (age, 18 years to 79 
years; mean age, 49.68 ± 14.16 years). Disease duration 
ranged from 8 months to 36 months (median value, 27 
months).

Patients were divided into 4 groups based on the 
glucocorticoid treatment scheme. Group 1 of 15 patients 
received prednisolone tablets per os; group 2 of 68 patients, 
intravenous methylprednisolone (MP) pulse therapy; 
group 3 of 32 patients, intravenous MP pulse therapy 
plus vitamin D3; and group 4 of 40 patients, intravenous 
MP pulse therapy 8 to 12 months after thyroidectomy. In 
addition, to prevent the negative effects of glucocorticoid 
therapy (like hypopotassemia, edema and psychological 
arousal), patients received a potassium-based medication, 
sedatives and spironolactone (verospiron).

Clinical data of patients with EO associated with Graves’ 
disease at baseline and 6 and 12 months after treatment 
initiation were reviewed. Measurements of serum TSH and 
FT4 were conducted at the laboratory of the Komisarenko 
Institute using chemiluminescent immunoassay kits 
(reference TSH range, 0.27-4.2 μIU/mL; reference FT4 
range, 0.93-1.71 ng/div) on Cobas e 411 analyzer (Roche 
Diagnostics GmbH, Mannheim, Germany). Measurements 
of TSH-R-Ab were conducted using a chemiluminescence 
immunoassay (Immulite 2000 Xpi, Siemens Healthcare 
Diagnostics, Eschborn, Germany). Thyroid antibody titers 
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were considered positive for the anti-TSH receptor-Ab 
titers above 0.55 U/L. These titers were determined for 
each group separately at baseline and 6 and 12 months 
after treatment initiation.

Orbital ultrasonography was performed using NEMIO 
SSA-550A system (Toshiba Medical Systems Co, Ltd, 
Tokyo, Japan) and NEMIOXG SSA-580A system 
(Toshiba) equipped with 8–14 MHz linear probes to 
assess thickness of the retrobulbar orbital adipose tissue. 
Ultrasonography results for patients were compared with 
controls (a group of 20 healthy women aged 20- 64 years; 
mean age, 46.8 ± 4.1 years).

The Student t test was used for statistical analyses. 
The level of significance p ≤ 0.05 was assumed. Data are 
presented as mean ± SEM. Pearson’s Chi-square (χ2) test 
with Yates’ Correction was used for comparison of clinical 
data among groups. For significance at the 0.05 level, the 
χ2 value had to be ≥3.84.

Results
Patients with Graves’ disease were medically treated 

for EO in the presence of stable euthyroidism, with a mean 
serum TSH of 1.12 ± 0.31 mU/L and mean fT4 of 1.43 ± 
0.27 ng per scale division. 

In any patient, duration of EO did not exceed 12 
months, with a mean duration of 9.2 ± 2.4 months for the 
study cohort.

Clinical severity of EO was classified using the 
NOSPECS. Eighty-eight patients had class 3a, 3b, or 3c, 
and 67 patients, class 4a or 4b. All patients of the study had 
active EO (clinical activity score ≥3).

Table 1 shows (a) the distribution of EO patients with 
Graves’ disease into groups based on the glucocorticoid 
treatment scheme and (b) duration of treatment for the 
groups. The retrospective analysis of medical records 
demonstrated that as soon as 3 months after initiation of 
treatment, there was a reduction in the number of patients 
having complaints, with 85 (54.84%) patients having no 
more complaints of tearing; 84 (54.19%) patients, no more 
complaints of itchy eyes; 99 (63.87%) patients, no more 
complaints of photophobia; 116 (74.84%) patients, no more 
complaints of spontaneous retrobulbar pain. At 6 months 
after initiation of treatment, only 5 (3.22%) patients had 
any of the above complaints, and all of these patients were 
from group 1 (treated with prednisolone per os). Patients 
from group 2 (MP pulse therapy only), group 3 (MP pulse 
therapy plus vitamin D3) and group 4 (MP pulse therapy 
after thyroidectomy) had not any of the above complaints 
at 6 months. In addition, eyelid edema was present in 7 
patients at 6 months and in 3 patients at 12 months. All of 
these patients were from group 1. Moreover, a reduction in 
eyelid edema was observed in 25 (80.60%) patients from 
groups 2, 3 and 4 at 6 months after initiation of treatment.

Clinical symptoms of EO in patients at baseline and 
after treatment are presented in Table 2.

Table 3 shows the P-values of difference (Pearson’s Chi-
square (χ2) test with Yates’ Correction) in exophthalmos 
exceeding 5 mm, limited ocular motility, diplopia and 

chemosis for each group at baseline and at 12 months after 
treatment initiation. Pearson’s Chi-square (χ2) test with 
Yates’ Correction was used for comparison of clinical data 
among groups. For significance at the 0.05 level, the χ2 
value had to be ≥3.84.

Statistically significant changes (improvements in 
exophthalmos, ocular motility, diplopia and chemosis) 
were noted in groups 2, 3 and 4 (Table 3). In addition, of 
the patients presenting with lagophthalmos at baseline, no 
patient had lagophthalmos after treatment (Table 2).

In the course of treatment of EO with 
glucocorticosteroids, retrobulbar orbital adipose tissue 
thickness as assessed by ultrasound was expectedly greater 
in all the four groups than in the control group of healthy 
individuals (р < 0.05). In addition, at 6 months and at 
12 months, no significant change in retrobulbar orbital 
adipose tissue thickness was observed in any treatment 
group compared to controls (р1 > 0.05) (Table 4).

At 6 months, serum TSHR-Ab levels in groups 1, 2 
and 3 significantly decreased compared to baseline, with 
no significant difference between these groups, whereas 
serum TSHR-Ab level in group 4 was significantly higher 
than in other groups (Table 5). At 12 months, there was no 
significant difference in serum TSHR-Ab levels in groups 
1, 2 and 3 compared to 6 months,   whereas serum TSHR-
Ab level in group 4 was significantly lower (р < 0.05) 
than in other groups (2.41 ± 0.81 mU/L versus 5.97 ± 1.71 
mU/L for group 1, 5.49 ± 1.27 mU/L for group 2, and 6.17 
± 1.18 mU/L for group 3).

Discussion
Effective management of endocrine ophthalmopathy 

is a multidisciplinary concern, because the pathogenesis 
of this autoimmune disease is complex, and patients 
should be supervised by an ophthalmologist as well as an 
endocrinologist. The purpose of this study was to assess 
the efficacy of various treatment regimens for patients with 
both EO and Graves’ disease. 

In general, we found that glucocorticoid therapy was 
effective for treating EO, but intravenous glucocorticoid 
therapy was more effective than oral per os treatment, 
which was confirmed by clinical data. With treatment 
there was a decrease in the frequency of clinical symptoms 
like tearing, itching and spontaneous retrobulbar pain. In 
groups 2, 3 and 4 that received intravenous glucocorticoid 
treatment, there were improvements in exophthalmos and 
ocular motility, and a reduction in the number of patients 
experiencing diplopia and chemosis. In addition, of the 
patients presenting with lagophthalmos at baseline, no 
patient had lagophthalmos after treatment. Our findings 
are in agreement with those reported by Marcocci and 
colleagues [29] who demonstrated that intravenous 
administration was more advantageous than the oral route.

Our analysis of changes in TSHR-Ab titers with 
glucocorticoid treatment demonstrated that in groups 1, 2 
and 3 there was a significant decrease in TSHR-Ab titers 
until 6 months after treatment initiation, with no subsequent 
significant change at 12 months (Р3 > 0.05). In addition, 
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TSHR-Ab level in group 4 was higher than in other groups 
at baseline, but it significantly decreased over the follow-
up period (Р1,2 < 0.05), and was significantly lower than in 
other groups at 12 months (Р3 < 0.05). Therefore, findings 
of the current study are in agreement with our previous 
study [30], in which we observed a decrease in TSHR-Ab 
level and a gradual relief in the clinical symptoms of EO 
after surgical treatment for Graves’ disease [30]. We may 
state that post- thyroidectomy methylprednisolone therapy 
for EO was more effective due to the absence of the 
target for the production of TSHR antibodies and a faster 
decrease in the level of these antibodies over 12 months.

This study also demonstrated some mismatch 
between the clinical data and the results of measurement 
of retrobulbar orbital adipose tissue thickness by orbital 
ultrasound. Obviously, orbital ultrasound is not the most 
reliable method for assessing the state of the eye over the 
course of therapy for EO, because it does not allow (a) a 
precise measurement of retrobulbar orbital adipose tissue 
thickness and (b) quantitative assessment of improvement 
in retrobulbar orbital adipose tissue edema during 
medical treatment of EO. MRI of the ocular muscles is 
the most informative method for monitoring the results of 
treatment of EO, allowing for (a) precise muscle thickness 
measurements and (b) assessment of reduction in edema 
volume during glucocorticoid therapy [28].
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Table 2. Clinical symptoms of EO in patients with Graves’ disease at baseline and after treatment

Group of patients
Clinical symptoms at baseline

Exophthalmos 
> 5 mm Lagophthalmos Limited ocular 

motility Diplopia Chemosis

Group 1 n=15 10 (66.7%) 2 (13.3%) 9 (60%) 9 (60%) 4 (26.7%)

Group 2 n=68 49(72%) 6 (8.8%) 54 (79.4%) 47 (69.1%) 19 (27.9%)

Group 3 n=32 24 (75%) 3 (9.4%) 25 (78.1%) 21 (65.6%) 9 (28.1%)

Group 4 n=40 31 (77.5%) 5 (12.5%) 32 (80%) 31 (77.5%) 12 (30%)

P 1-2 = 0.918 0.958 0.209 0.706 0.827

P 1-3 = 0.806 0.923 0.345 0.961 0.806

P 1-4 = 0.636 0.71 0.242 0.338 0.923

P 2-4 = 0.692 0.779 0.862 0.474 0.994

P 3-4 = 0.975 0.967 0.923 0.442 0.931

Clinical symptoms at 12 months

Group 1 n=15 5 (33.3%) 0 4 (26.7%) 4 (26.7%) 0

Group 2 n=68 16(23.5%) 0 12 (17.6%) 7 (10.3%) 4(5.9%)

Group 3 n=32 7 (21.8%) 0 6 (18.6%) 4 (12.5%) 2 (3.1%)

Group 4 n=40 4 (10%) 0 3 (7.5%) 3 (7.5%) 0

P 1-2 = 0.644 0.797 0.66 0.203 0.629

P 1-3 = 0.631 0.83 0.814 0.431 0.558

P 1-4 = 0.094 0.941 0.148 0.148 0.941

P 2-4 = 0.136 0.722 0.236 0.889 0.739

P 3-4 = 0.288 0.575 0.282 0.756 0.843

Note: n, number of patients; P, significance of differences (Pearson’s Chi-square (χ2) test with Yates’ Correction was used for 
comparison of clinical data among groups)

Table 1. Distribution of EO patients with Graves’ disease into groups based on the glucocorticoid treatment scheme and 
duration of treatment for the groups

Treatment scheme 
(medication/
combination)

Group of 
patients

Route of medication 
administration Medication dose Treatment duration

Prednisolone 1
n=15 Oral (tablets) 40 mg daily 3 months

MP only 2
n=68 Intravenous infusion 750 mg once a week 3-5 weeks

MP plus vitamin D3 3
n=32

Intravenous MP infusion 
and vitamin D3 orally 

(tablets) 

MP 750 mg once a week plus 
vitamin D3, 2.000 units 

once a  day

MP for 3-5 weeks and  
vitamin D3 orally 

for 3 months

MP, beginning from 8-12 
months after TE

4
n=40

Intravenous 
methylprednisolone infusion 

and L-thyroxine orally 
(tablets)

MP 750 mg once a week, and 
L-thyroxine (1.6 µg/kg/day) 

every day

MP for 3-5 weeks and 
L-thyroxine every day

Note: MP, methylprednisolone; n, number of patients; TE, thyroidectomy
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Table 4. Retrobulbar orbital adipose tissue thickness (М±m) as assessed by orbital ultrasound in EO patients with Graves 
disease at baseline and 6 months and 12 months after glucocorticoid therapy

Group of patients, n, eye

Time points

р
baseline

6 months after 
treatment 
initiation

12 months after 
treatment initiation

Group 1
 (n=15)

right eye
left eye

19.41 ± 0.98*
19.55 ± 1.65*

18.21 ± 1.01*
18.05 ± 1.44*

17.34 ± 1.01*
18.01 ± 0.84*

p1> 0.05; p2>0.05
p1> 0.05; p2>0.05

Group 2
(n=68)

right eye
left eye

19.04 ± 1.62*
18.69 ±1.76*

18.04 ± 0.42*
17.89 ±1.24*

17.13 ± 0.72*
17.01 ± 1.42*

p1>0.05; p2>0.05
p1>0.05; p2>0.05

Group 3
(n=32)

right eye
left eye

19.68 ± 2.01*
18.97 ± 1.99*

18.28 ± 1.41*
18.00 ± 1.19*

18.08 ± 1.11*
17.46± 1.06*

p1>0.05; p2>0.05
p1>0.05; p2>0.05

Group 4
(n=40)

right eye
left eye

19.74 ± 1.82*
19.69 ±1.76*

17.25 ± 1.12*
17.09 ±1.46*

17.02 ± 1.12*
16.97 ±1.46*

p1>0.05; p2>0.05
p1>0.05; p2>0.05

Control group  
(n=20)

right eye
left eye

13.26 ±0.49
12.99 ±0.81

13.26 ±0.49
12.99 ±0.81

13.26 ±0.49
12.99 ±0.81

Note: n, number of patients; p, P-value of difference between the treatment group and the control group; p*, significant dif-
ference compared to controls; p1, P-value of difference between baseline and 6 months; p2, P-value of difference between 
baseline and 12 months.

Table 5. Mean group values of TSHR-Ab levels in EO patients with Graves’ disease at baseline and at 6 months and 12 
months

Time point
TSHR-Ab levels (mU/L)

Group 1 
(n = 15)

Group 2 
(n = 58)

Group 3 
(n = 32)

Group 4 
(n = 40)

Baseline 10.92 ± 1.63 11.77 ± 2.84 12.84 ± 2.55 17.96 ± 2.96
6 months after treatment 
initiation 5.84 ± 1.50 7.31± 0.98 7.01 ± 1.95 8.72 ± 2.14

12 months after treatment 
initiation 5.97 ± 1.71 5.49± 1.27 6.17 ± 1.18 2.41 ± 0.81

Р1 < 0.05 < 0.05 < 0.05 < 0.05

Р2 > 0.05 > 0.05 > 0.05 < 0.05

Note: n, number of patients; p1, P-value of difference between baseline and 6 months; p2, P-value of difference between 
baseline and 12 months

Table 3. P-values of the distribution of symptom frequency at baseline and at 12 months after initiation of treatment

Group of patients Exophthalmos 
> 5 mm Limited ocular motility Diplopia Chemosis

Group 1 (n=15) 0.1440 0.1410 0.1410 0.1070
Group 2 (n=68) 0.0001 0.0001 0.0001 0.0014
Group 3 (n=32) 0.0001 0.0001 0.0001 0.0470
Group 4 (n=40) 0.0001 0.0001 0.0001 0.0024


