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33 patients with active, moderate-severe Graves’ ophthalmopathy (GO) received 4.5 g methylprednisolone for 12 weeks and
were divided by efficacy into two groups (responsive and unresponsive). All patients and 10 controls underwent orbital
MRI examination at baseline. No significant difference was seen in baseline clinical characteristics between the two GO
groups. The values of exophthalmos were higher in both GO groups than in the control and were higher in the
responsive group versus the unresponsive group. Compared to the unresponsive group, the responsive group had a thicker
inferior rectus as well as thinner orbital fat. The inferior rectus/fat ratio was significantly higher in the responsive group
versus the unresponsive group. Multivariate logistic regression analysis showed that the exophthalmos value and inferior
rectus/fat ratio were significantly associated with the response to glucocorticoid (GC). ROC analysis revealed that the
cut-off points of the inferior rectus/fat ratio combined with the exophthalmos value to indicate efficacy were 1.42 and 20.78.
For moderate-severe GO patients with CAS> 3, the combined inferior rectus/fat ratio and exophthalmos value in MRI may be
a valuable indicator to predict the response to GC therapy.

1. Introduction

Graves’ ophthalmopathy (GO) is an autoimmune disease
of the orbit occurring in 25–50% patients with Graves’ dis-
ease (GD) [1], which significantly reduces the patients’
quality of life. The classic ocular signs of GO include
proptosis, eyelid retraction, periorbital edema, diplopia,
and visual loss.

The natural course of GO consists of two stages: an
active inflammatory stage and a static stage. The anti-
inflammatory treatment is primarily used in the first stage
[1], and intravenous glucocorticoid (GC) is currently rec-
ommended as the first-line therapy for active and
moderate-severe cases [2–4]. However, the treatment
response is shown to vary considerably between individuals;
even though the patients underwent rigorous screening and
standard treatment, the overall response rate was only
65–80% [4–6].

An accurate evaluation of GO activity is important for
predicting a response to anti-inflammatory treatment [7].
Mourits et al. [8] established a clinical activity score (CAS)
which is correlated with the treatment response, and if
CAS> 3, immunosuppressive therapy is recommended [2].
However, in a clinical setting, the CAS assessment is not
clearly elucidated in many GO patients, rendering difficulty
in making adequate therapeutic decisions. Some studies
have shown that imaging of orbital tissues in GO provides
valuable information for both diagnosis and treatment
decisions [9–12].

Therefore, objective modalities such as orbital MR
imaging (MRI) should be applied appropriately to improve
the accuracy of diagnosis [13]. As GO is characterized by
the swelling of extraocular muscles and orbital fat [14], we
hypothesized that the thickness of extraocular muscles and
orbital fat detected by MRI might be useful in evaluating
treatment response.
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In the present study, the moderate-severe GO patients
with CAS> 3 were treated with GC and were divided into
two groups according to the therapeutic effect. We
attempted to investigate the differences in baseline param-
eters of the orbital MRI between the two groups, which
may provide a deeper insight while predicting response
to GC treatment.

2. Methods

2.1. Subjects. A total of 42 active and moderate-severe GO
patients in Nanfang Hospital, Southern Medical Univer-
sity, were enrolled between January 2016 and July 2016,
and 33 subjects were eligible after screening for inclusion
and exclusion criteria. In addition, 10 normal volunteers
(4 males and 6 females) were recruited as controls, who
should meet the following criteria: no history of thyroid
disease; normal thyroid function and thyroid-related anti-
bodies in blood test; and no symptoms or signs of exoph-
thalmos, diplopia, swelling, pain, itches, photophobia,
lacrimation, foreign body sensation, conjunctival congestion,
and decreased eye mobility.

The diagnosis of active and moderate-severe GO was
based on the European Group on Graves’ Orbitopathy
(EUGOGO) consensus [2, 4]. CAS≥ 3 was defined as active
GO, and disease severity was also assessed by the severity
scales of EUGOGO [15].

Inclusion criteria are as follows: (1) patients were aged
between 18 and 65; (2) GO duration was shorter than 18
months; (3) thyroid function was under control (defined by
normal FT4 and TSH< 4.78).

Exclusion criteria are as follows: (1) monocular involve-
ment; (2) vision-threatening GO; (3) patients with optic
atrophy, cataracts, or retinopathy; (4) received intravenous
or oral GC within 6 months; (5) received retroocular radio-
therapy within 6 months; (6) glaucoma; (7) pregnancy or
lactating women; (8) abnormal liver function (transaminases
exceeding 2-fold of the upper limit of the normal range) or
abnormal renal function (serum creatinine> 136μmol/L);
(9) history of peptic ulcer; (10) history of heart failure, coro-
nary heart disease, and stroke; (11) poor control of diabetes,
HbA1c> 8%; (12) osteoporosis; (13) active infection (espe-
cially tuberculosis); (14) malignant tumor; (15) unable to
complete the entire course of treatment.

All the GO patients received 4.5 g methylprednisolone
for 12 weeks as recommended [4, 16]. The protocol was
as follows: 0.5 g methylprednisolone weekly for 6 weeks,
followed by 0.25 g methylprednisolone weekly for 6 weeks.
All participants signed an informed consent. The study
protocol was approved by the Ethics Committee of
Nanfang Hospital, Southern Medical University. The study
was registered at the Chinese Clinical Trial Registry
(ChiCTR-RPC-16008209).

2.2. Grouping. CAS and severity assessment were determined
by the same endocrinologist who had been trained in oph-
thalmology before and 6 months after the end of treatment.
The patients were divided into two groups “the responsive
group” and “the unresponsive group” based on efficacy.

“The responsive group” was defined as CAS decreased by a
minimum of 2 points and CAS< 3/7, together with at least
one of the following parameters improved, without worsen-
ing of the other parameters: (1) reduction of proptosis mini-
mally by 2mm; (2) reduction of lid width by at least 2mm;
(3) decrease in the Gorman score (from constant to incon-
stant, inconstant to intermittent, and intermittent to absent);
(4) improvement of visual acuity by at least one Snellen line.
“The unresponsive group” was defined as CAS dropping to
less than 2 points or staying active (CAS≥ 3/7).

2.3. Orbital MRI. All GO patients and controls underwent
orbital MRI examination at baseline. The MRI scans were
performed using a Siemens Magnetism Vision Plus 1.5T
MR scanner with the patients in a supine position. The orbit
was scanned using transverse, coronal and oblique sagittal
position that was parallel to the optic nerve.

Images were acquired with the following parameters:
spin echo (SE) sequence T2WI: TR 5000ms, TE 128ms;
SE sequence T1WI: TR 390ms, TE 6ms; SE double back
wave sequence: TR 4020ms, and TE 22/99ms; the fat sup-
pression sequence was also performed. Section thickness
are as follows: 3.0mm, intersection gap 0.3mm, and time
of acquiring data: 1 time.

The following are the methods for ophthalmic parameter
estimation (Figure 1):

(i) The value of exophthalmos: in the T1WI cross
section, we selected the maximum display level of
the eyeball and optic nerve. The vertical distance
measured between the anterior border of the
corneal and bilateral lines of zygomatic arch is the
value of exophthalmos (Figure 1(a)).

(ii) The thickness of extraocular muscles: we evaluated
the thickness (mm) of each extraocular muscle
(superior, inferior, lateral, and medial rectus). The
horizontal diameters of the medial and lateral rectus
and the vertical diameters of the superior and infe-
rior rectus were measured on the series of images;
the largest diameter of the middle section of each
muscle was selected for further comparison. The
sum thickness of the four (superior, inferior, lateral,
and medial rectus) extraocular muscles was also
calculated (Figures 1(b) and 1(c)).

(iii) The thickness of fatty tissue: the largest diameter
of the middle section of the medial and lateral
rectus and optic nerve in transverse T1WI was
chosen. The thickness of the fatty tissue was
defined as the maximum thickness from the
medial wall of the eyeball (or the lateral margin
of the medial rectus) to the medial wall of the
orbit [17, 18] (Figure 1(d)).

2.4. Statistical Analysis. The IBM SPSS statistics (V.19.0, IBM
Corp., USA, 2010) was used for data analyses. For each
patient, the mean value of the two eyes was presented for
each ophthalmological parameter. Results were expressed as
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mean± SD for normally distributed data and median with
interquartile range for nonnormally distributed data or
n (%). The normally distributed values were analyzed by
Student’s t-test for differences between the two groups.
One-way ANOVA was used to analyze the differences
among three groups. The differences between the groups
were analyzed by the Kruskal-Wallis test for nonparamet-
ric values. Pearson’s χ2 test was employed to analyze the
categorical data. Multivariate logistic regression was per-
formed to determine the correlation between the clinical
parameters and the response to GC. ROC curve analysis
was conducted to determine the sensitivity and specificity
of the inferior rectus thickness/orbital fat thickness ratio
combined with exophthalmos value for predicting the
curative effect. All P values reported were two tailed, and
P value< 0.05 was considered statistically significant while
<0.001 was highly significant.

3. Results

3.1. Baseline Characteristics of the Patients. A total of 33 GO
patients and 10 normal controls were enrolled for participa-
tion in the trial.

Table 1 summarizes the baseline clinical characteristics of
each group, and no significant differences between the two
GO treatment groups were observed (all P > 0 05).

3.2. Comparison of Ophthalmic Parameter Measurement in
MRI. All measurements were done by the same observer.

3.2.1. Values of Exophthalmos (Table 2, Figure 2(a)). The
values of exophthalmos among the three groups differed
significantly (P < 0 001). The values of exophthalmos were
higher in both GO groups as compared to those in the
control (P < 0 001), and the values of exophthalmos were
higher in the responsive group than in the unresponsive
group (P < 0 05).

3.2.2. Thickness of Extraocular Muscles (Table 2, Figure 2(b)).
Comparing the treated GO patients to the control, we found
that the thickness of each extraocular muscle was sig-
nificantly higher in both GO groups than in the control
(P < 0 05 and <0.001). However, only the thickness of the
inferior rectus was higher in the responsive group than
in the unresponsive group (P < 0 05). No statistically sig-
nificant differences were seen in the thickness of the other
extraocular muscles between the two GO groups.

3.2.3. Sum Thickness of Extraocular Rectus Muscles (EOM)
(Table 2, Figure 2(c)). We also calculated the sum thickness
of the inferior, medial, superior, and lateral rectus. The
thickness of EOM was significantly increased in both GO
groups as compared to that in the control (both P < 0 01),
and the thickness of EOM was significantly increased in the
responsive group than in the unresponsive group (P < 0 05).

3.2.4. Thickness of Fatty Tissue (Table 2, Figure 2(d)). The
thickness of fatty tissue was higher in both the responsive
(P < 0 05) and unresponsive (P < 0 001) groups compared

(a) (b)

(c) (d)

Figure 1: Methods for ophthalmic parameter measurement. (a) The values of exophthalmos. (b) The horizontal diameters of the medial and
lateral rectus muscles. (c) The vertical diameters of the superior and inferior rectus muscles. (d) The thickness of fatty tissue.
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to that in the control. However, the orbital fat thickness
was significantly decreased in the responsive group than
in the unresponsive group (P < 0 05).

3.2.5. Inferior Rectus Thickness/Orbital Fat Thickness
(Inferior Rectus/Fat Ratio) (Table 2, Figure 2(e)). Based on
the above findings, only the thickness of the inferior rectus
was higher in the responsive group than in the unresponsive
group (P < 0 001). Thus, we speculated that the inferior
rectus/fat ratio might be a suitable indicator for predicting
response. Although there was no difference in the ratio
between the unresponsive and control groups (P > 0 05),
the ratio was significantly higher in the responsive group as
compared to that in the unresponsive group (P < 0 001).

3.2.6. EOM Thickness/Orbital Fat Thickness (EOM/Fat Ratio)
(Table 2, Figure 2(e)). We also calculated the EOM/fat ratio
and found that there was no significant difference between
the unresponsive group and control (P > 0 05). Also, the
ratio was significantly higher in the responsive group than
in the unresponsive group (P < 0 001).

3.3. Predictive Factors for Response to GC Treatment in GO
Patients. Due to high intercorrelation between the inferior
rectus/fat ratio and the EOM/fat ratio (P < 0 01, data not
shown), the EOM/fat ratio was excluded from multivariate
logistic regression in order to avoid multicollinearity.

We performed multivariate logistic regression analysis
with the response to GC as a dependent variable, and

Table 1: Clinical features of each group.

Responsive (n = 18) Unresponsive (n = 15) Control (n = 10) P value

Age (years) 42.83± 12.28 44.33± 10.79 45.70± 13.66 0.83

Female (n, %) 11 (61.1%) 8 (53.3%) 6 (60.0%) 0.95

Smoking history 4 (22.2%) 3 (20%) 2 (20%) 0.99

Alcohol intake 2 (11.1%) 1 (6.7%) 1 (10%) 0.91

BMI 22.75± 2.11 24.57± 3.88 22.01± 1.27 0.06

SBP (mmHg) 133.11± 17.10 131.40± 17.15 132.30± 15.79 0.96

DBP (mmHg) 77.56± 10.22 83.40± 9.46 80.70± 10.76 0.26

ALT (U/L) 15.67± 7.74 20.56± 14.41 18.20± 5.16 0.40

AST (U/L) 20.39± 7.95 21.25± 8.03 21.90± 6.15 0.88

BUN (mmol/L) 4.70± 1.49 3.95± 0.96 4.53± 1.12 0.22

Cr (μmol/L) 55.89± 22.78 44.27± 15.46 56.30± 5.89 0.13

TG (mmol/L) 1.39± 0.70 1.50± 0.74 1.75± 0.69 0.48

TC (mmol/L) 4.85± 1.19 5.15± 1.49 4.69± 1.33 0.72

HDL (mmol/L) 1.24± 0.47 1.20± 0.37 1.10± 0.28 0.70

LDL (mmol/L) 2.86± 0.69 3.23± 1.11 2.81± 1.00 0.52

FT3 (pg/mL) 5.75± 6.31 4.23± 1.77 2.99± 0.39 0.25

FT4 (ng/dL) 1.62± 1.17 1.43± 0.54 1.15± 0.16 0.36

TSH (mUI/L) 0.468 (0.004–2.465) 0.070 (0.004–1.15) 2.330 (1.304–3.05) 0.02∗

TRAb (UI/L) 12.75 (5.78–27.20) 12.75 (5.59–22.09) 0.580 (0.320–0.650) <0.001∗∗

Hyperthyroidism duration (months) 14 (7.25–25.5) 22 (12–42) — 0.49

GO duration (months) 8.0 (3–12.25) 9.5 (4.0–12.5) — 0.66

Antithyroid treatments

Antithyroid drug 6 (33.3%) 7 (46.7%) — 0.44

Radioiodine 9 (50.0%) 6 (40.0%) — 0.57

Thyroidectomy 3 (16.7%) 2 (13.3%) — 0.79

CAS 4.56± 1.10 4.27± 1.03 — 0.45

Lid width (mm) 11.06± 1.12 10.67± 1.02 8.50± 0.86 <0.001∗∗

Visual acuity 0.80± 0.15 0.83± 0.18 0.99± 0.17 0.02∗

Diplopia 0.02∗

Absent 6 (33.3%) 4 (26.7%) 10 (100%)

Intermittent 5 (27.8%) 5 (33.3%) 0

Inconstant 4 (22.2%) 4 (26.7%) 0

Constant 3 (16.7%) 2 (13.3%) 0
∗P < 0 05; ∗∗P < 0 001. TSH: responsive group versus unresponsive group, P = 0 722. TRAb: responsive group versus unresponsive group, P = 0 874. Lid width:
responsive group versus unresponsive group, P = 0 288. Visual acuity: responsive group versus unresponsive group, P = 0 558. Diplopia: responsive group
versus unresponsive group, P = 0 954.
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age, gender, smoking history, BMI, SBP, DBP, duration
of GO, antithyroid treatments, FT3, FT4, TSH, TRAb,
CAS, exophthalmos value, and inferior rectus/fat ratio as
independent variables.

Exophthalmos value (OR 0.33, 95% CI: 0.12–0.88,
P = 0 027) and inferior rectus/fat ratio (OR 0.001, 95% CI:
0.001–0.11, P = 0 016) were found to be significantly associ-
ated with the response to GC in GO patients (Table 3).

3.4. ROC Curve Analysis. ROC analysis was performed to
identify the optimal cut-off point of the inferior rectus/fat
ratio and exophthalmos value for predicting the response to
GC in GO patients. The result revealed that the area under
the curve (AUC) analysis of the exophthalmos value was
not statistically significant (AUC=0.65; 95% CI: 0.45–0.84;
P = 0 15), which indicated that the exophthalmos value could
not be a sole independent factor. Therefore, we performed
the ROC analysis to investigate the optimal cut-off points
of the inferior rectus/fat ratio combined with the exophthal-
mos value to indicate the treatment response.

Furthermore, we repeated the multivariate logistic
regression analysis with the response to GC as a dependent
variable, whereas the inferior rectus/fat ratio and exophthal-
mos value were as independent variables. Using this
approach, we obtained the predicted probability of a param-
eter of the combined inferior rectus/fat ratio and exophthal-
mos value, which was used for multivariable ROC analysis as
an independent value.

The cut-off points of the inferior rectus/fat ratio com-
bined with the exophthalmos value were revealed as the
response to GC: 1.42 and 20.78, respectively (AUC=0.95;
95% CI: 0.88–1.00; sensitivity, 86.7%; specificity, 88.9%,
P < 0 001) (Figure 3).

4. Discussion

While treating GO patients, the severity and activity of the
disease should be assessed. The severity assessment can aid
in determining the worth of risk in active treatment, and
activity evaluation can be valuable in the selection of immu-
nosuppressive therapy or surgical treatment, as the former is
recommended in the active inflammatory stage [2, 4].

Among the several means of assessing GO activity pro-
posed over the past few decades, CAS is a simple and widely
used method [2, 8], which can describe congestion and
edema of the eyelids, conjunctiva, and lacrimal caruncle
and by questioning the patient about stationary or moving
eye pain can help to judge the presence of acute inflamma-
tory state of the orbit. However, the disadvantage of CAS is
its subjectivity; thus, it can only be qualitative and cannot
directly show internal orbital lesions.

EUGOGO in 2008 and 2016 unanimously recommended
that for patients with moderate-severe and active exophthal-
mos, intravenous GC treatment can be used as first-line
therapy [2, 4]. In the present study, we used the recom-
mended regimen: a total dose of 4.5 g GC therapy lasting
for 12 weeks [4–6].

However, in a clinical setting, we find that quite a few
patients with moderate-severe GO and CAS> 3 do not
achieve a significant improvement after standard treat-
ment. Several years ago, EUGOGO carried out a large,
multicenter RCT study and compared the efficacy and side
effects of 3 different cumulative doses of methylpredniso-
lone [5]. This study demonstrated that the moderate doses
of GC (5 g) treatment of GO were an effective method;
however, some patients continued to be unresponsive to
the treatment. Furthermore, according to previous studies,
many patients were dissatisfied with the outcomes of the
treatment [15, 19, 20].

The imperfectness of the existing treatment methods
may be attributed to the following reasons: (1) the patho-
genesis of GO has not been fully elucidated, and thus, it
cannot receive targeted therapy; (2) conducting a large-
scale RCT study to compare different treatment options is
difficult due to the low incidence and prevalence of GO;
(3) nonprofessional evaluation of the activity and severity
may lead to a situation wherein active GO does not receive
timely treatment, and inactive GO has treated extremely
aggressively with poor response [19]. Therefore, an optimal
method to judge the activity of GO and predict the
response of GC accurately and effectively is a prerequisite.
A recent study [21] aimed to find a reliable and easily
accessible biomarker to predict the outcome of GC, and
the result showed that a parameter of the combined serum

Table 2: Comparison of ophthalmic parameter measurement in MRI.

Responsive (n = 18) Unresponsive (n = 15) Control P

Exophthalmos value (mm) 22.50± 2.17∗∗# 20.82± 2.96∗∗ 13.98± 0.97 <0.001
Inferior rectus (mm) 5.89± 0.96∗∗# 4.86± 1.05∗∗ 3.41± 0.29 <0.001
Medial rectus (mm) 11.02± 2.41∗∗ 9.79± 1.32∗ 7.77± 0.90 <0.001
Superior rectus (mm) 5.92± 1.93∗∗ 5.62± 1.42∗ 3.28± 0.35 <0.001
Lateral rectus (mm) 10.37± 1.32∗∗ 10.21± 1.26∗∗ 7.70± 0.46 <0.001
EOM (mm) 32.62± 4.78∗∗# 29.67± 2.59∗∗ 22.02± 1.76 <0.001
Orbital fat (mm) 3.78± 0.47∗# 4.33± 0.65∗∗ 3.24± 0.28 <0.001
Inferior rectus/fat ratio 1.65± 0.30∗∗## 1.16± 0.24 1.12± 0.11 <0.001
EOM/fat ratio 9.09± 0.77∗∗## 7.29± 1.27 7.09± 0.39 <0.001
∗P < 0 05 versus control group; ∗∗P < 0 001 versus control group; #P < 0 05 versus unresponsive group; ##P < 0 001 versus unresponsive group.
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miR-224-5p and TRAb could effectively predict GC sensi-
tivity in GO patients. However, miR-224-5p is not a routine
test in clinical practice.

In the present study, the moderate-severe GO patients
with CAS> 3 were treated with GC, and the patients were
grouped according to the treatment response. The responsive

0

5

10

15

20

25

30

Responsive Unresponsive Control

Ex
op

ht
ha

lm
os

 v
al

ue
 (m

m
)

⁎⁎#
⁎⁎

(a)

⁎⁎

⁎⁎

⁎⁎

⁎⁎

⁎⁎

⁎⁎

0

2

4

6

8

10

12

14

16

Responsive Unresponsive Control

Inferior rectus (mm)
Medial rectus (mm)

Superior rectus (mm)
Lateral rectus (mm)

Th
ic

kn
es

s o
f e

xt
ra

oc
ul

ar
 m

us
cle

 (m
m

)

#

⁎

⁎

(b)

0

5

10

15

20

25

30

35

40

Responsive Unresponsive Control

⁎⁎

⁎⁎

#

Ex
tr

ao
cu

la
r r

ec
tu

s m
us

cle
s (

m
m

)

(c)

#

0

1

2

3

4

5

6

O
rb

ita
l f

at
 (m

m
)

⁎

⁎⁎

Responsive Unresponsive Control

(d)

##

0

2

4

6

8

10

12

Inferior rectus/orbital fat
Extraocular rectus muscles/orbital fat

Ex
tr

ao
cu

la
r m

us
cl

e t
hi

ck
ne

ss
 

/fa
tt

hi
ck

ne
ss

Unresponsive Control

⁎⁎

##⁎⁎

Responsive

(e)

Figure 2: Comparison of ophthalmic parameter measurement in MRI. ∗P < 0 05 versus the control group; ∗∗P < 0 001 versus the control
group; #P < 0 05 versus the unresponsive group; ##P < 0 001 versus the unresponsive group.
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and unresponsive groups showed similar baseline parame-
ters, including age, gender, smoking rate, disease duration,
thyroid function, TRAb levels, and CAS score. We speculated
that some objective examinations, such as orbital MRI before
the initiation of treatment, might play a major role in the
assessment of disease activity and treatment response.
Orbital MRI can clearly show the anatomical structure of
the extraocular muscles, orbital fat, and optic nerve and can
be used for the quantitative analysis of some parameters,
such as the degree of exophthalmos, thickness or volume
of extraocular muscle, and orbital fat, as well as signal
values. Furthermore, we attempted to identify the baseline
differences in orbital MRI parameters between the two
treated GO groups, which may support the prediction of
treatment response.

To date, little attention has been given to the differential
involvement of extraocular muscle and orbital fat in GO
patients. A previous study [12] found that an increase in fat
volume (FV) was characterized by proptosis while muscle
enlargement was associated with older age, higher TBII
values, more proptosis, and impaired motility. Another study
[11] proposed that increased FV can be associated with a rise
in proptosis and longer GO duration while increased muscle
volume (MV) was associated with older age, severe GO, high
TBII, and current smoking. Furthermore, Naik et al. [22]
showed three predominant forms of soft tissue involvement
in GO, that include predominantly fat expansion, predomi-
nantly muscle enlargement, and a combination of both

and suggested that the second form was more sensitive
to GC. These results suggest that enlarged muscles might be
correlated with the increased disease activity and severity.

In the present study, we only measured the thickness
but not the volume of the extraocular muscles and orbital
fat. However, most of the previous studies on the orbital
tissue of GO measured the volume [11, 23], which requires
the use of Mimics, which is an image processing software
with three-dimensional visualization. This method is rather
complicated and challenging for clinicians to evaluate the
orbital tissue promptly. Notably, as fat is filled with every
corner of the orbit lacking specific forms and as the orbital
volume is fixed, it can increase and migrate through the
orbital space surrounding the eyeball. Thus, according to
previous studies [17, 18], we deduced that the maximum
fat thickness on the inner side of the eyeball may indicate
changes of the orbital FV, which is a relatively straightfor-
ward and reliable method.

A previous study showed that the most obvious patho-
logical change within the orbit in GO patients is the enlarge-
ment of extraocular muscles [9] and inferior rectus is the
most often involved [10, 24, 25]. Our study found that in
comparison to the unresponsive group, the responsive
group had a significantly thicker inferior rectus while no
significant difference in the thickness was found in the other
extraocular muscles. Furthermore, we also found that the
orbital fat thickness in the responsive group was signifi-
cantly decreased than that in the unresponsive group.
Therefore, compared to the unresponsive group, the respon-
sive group had a thicker inferior rectus as well as thinner
orbital fat. As aldosterone-renin ratio is recommended as
the most reliable tool available for screening primary aldo-
steronism, we speculated that for moderate-severe GO
patients with CAS> 3, inferior rectus/fat ratio may be a
useful indicator to predict the response of GC therapy.
ROC analysis showed that the parameter of the combined
inferior rectus/fat ratio and exophthalmos value could
effectively predict the GC response in GO patients. In case
the inferior rectus/fat> 1.42 combined with exophthalmos
value> 20.78 existed, the patients may exhibit a superior
response to GC treatment, thereby providing a simple and
feasible evaluation method for clinicians.
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Table 3: Predictive factors for response to GC in GO patients.

Variables Odd ratio (95% CI) P value

Exophthalmos value 0.33 (0.12–0.88) 0.027

Inferior rectus/fat ratio 0.001 (0.001–0.11) 0.016

7International Journal of Endocrinology



Acknowledgments

This study was funded by the National Natural Science
Foundation of China (no. 81500656), Natural Science
Fund of Guangdong Province (no. 2016A030313521),
and President Foundation of Nanfang Hospital, Southern
Medical University (no. 2014C017).

References

[1] Y. Hiromatsu, H. Eguchi, J. Tani, M. Kasaoka, and Y. Teshima,
“Graves’ ophthalmopathy: epidemiology and natural history,”
Internal Medicine, vol. 53, no. 5, pp. 353–360, 2014.

[2] L. Bartalena, L. Baldeschi, A. J. Dickinson et al., “Consensus
statement of the European group on Graves’ orbitopathy
(EUGOGO) onmanagement of Graves’ orbitopathy,” Thyroid,
vol. 18, no. 3, pp. 333–346, 2008.

[3] C. Marcocci, L. Bartalena, M. L. Tanda et al., “Comparison
of the effectiveness and tolerability of intravenous or oral
glucocorticoids associated with orbital radiotherapy in the
management of severe Graves’ ophthalmopathy: results of a
prospective, single-blind, randomized study,” The Journal of
Clinical Endocrinology and Metabolism, vol. 86, no. 8,
pp. 3562–3567, 2001.

[4] L. Bartalena, L. Baldeschi, K. Boboridis et al., “The 2016
European Thyroid Association/European Group on Graves’
Orbitopathy Guidelines for the Management of Graves’
Orbitopathy,” European Thyroid Journal, vol. 5, no. 1,
pp. 9–26, 2016.

[5] L. Bartalena, G. E. Krassas, W. Wiersinga et al., “Efficacy and
safety of three different cumulative doses of intravenous
methylprednisolone for moderate to severe and active Graves’
orbitopathy,” The Journal of Clinical Endocrinology and
Metabolism, vol. 97, no. 12, pp. 4454–4463, 2012.

[6] W. Zhu, L. Ye, L. Shen et al., “A prospective, randomized trial
of intravenous glucocorticoids therapy with different protocols
for patients with Graves’ ophthalmopathy,” The Journal of
Clinical Endocrinology and Metabolism, vol. 99, no. 6,
pp. 1999–2007, 2014.

[7] F. Menconi, M. Leo, E. Sabini et al., “Natural history of Graves’
orbitopathy after treatment,” Endocrine, vol. 5, pp. 1–8, 2016.

[8] M. P. Mourits, L. Koornneef, W. M. Wiersinga, M. F.
Prummel, A. Berghout, and R. van der Gaag, “Clinical criteria
for the assessment of disease activity in Graves’ ophthalmopa-
thy: a novel approach,” The British Journal of Ophthalmology,
vol. 73, no. 8, pp. 639–644, 1989.

[9] J. Jankauskiene and D. Imbrasiene, “Investigations of ocular
changes, extraocular muscle thickness, and eye movements
in Graves’ ophthalmopathy,” Medicina, vol. 42, no. 11,
pp. 900–903, 2006.

[10] E. V. Nagy, J. Toth, I. Kaldi et al., “Graves’ ophthalmopathy:
eye muscle involvement in patients with diplopia,” European
Journal of Endocrinology, vol. 142, no. 6, pp. 591–597, 2000.

[11] N. I. Regensburg, W. M. Wiersinga, T. T. Berendschot, P.
Saeed, and M. P. Mourits, “Effect of smoking on orbital fat
and muscle volume in Graves’ orbitopathy,” Thyroid, vol. 21,
no. 2, pp. 177–181, 2011.

[12] N. I. Regensburg, W. M. Wiersinga, T. T. Berendschot,
P. Potgieser, and M. P. Mourits, “Do subtypes of Graves’
orbitopathy exist?” Ophthalmology, vol. 118, no. 1, pp. 191–
196, 2011.

[13] H. Jiang, Z.Wang, J. Xian, J. Li, Q. Chen, and L. Ai, “Evaluation
of rectus extraocular muscles using dynamic contrast-
enhanced MR imaging in patients with Graves’ ophthalmopa-
thy for assessment of disease activity,” Acta Radiologica,
vol. 53, no. 1, pp. 87–94, 2012.

[14] R. S. Bahn, “Graves’ ophthalmopathy,” The New England
Journal of Medicine, vol. 362, no. 8, pp. 726–738, 2010.

[15] W. Wiersinga and G. Kahaly, “Graves’ Orbitopathy.” A Multi-
disciplinary Approach-Questions and Answers, S Karger AG,
Switzerland, 2nd revised edition, 2010.

[16] S. Zang, K. A. Ponto, and G. J. Kahaly, “Clinical review: intra-
venous glucocorticoids for Graves’ orbitopathy: efficacy and
morbidity,” The Journal of Clinical Endocrinology and Metab-
olism, vol. 96, no. 2, pp. 320–332, 2011.

[17] Y. Nishida, S. Tian, B. Isberg, O. Hayashi, L. Tallstedt, and G.
Lennerstrand, “Significance of orbital fatty tissue for exoph-
thalmos in thyroid-associated ophthalmopathy,” Graefe’s
Archive for Clinical and Experimental Ophthalmology,
vol. 240, no. 7, pp. 515–520, 2002.

[18] I. L. Thornton, J. Clark, J. A. Sokol, M. Hite, andW. R. Nunery,
“Radiographic evidence of prominent retro and suborbicularis
oculi fat in thyroid-associated orbitopathy,” Orbit, vol. 35,
no. 1, pp. 35–38, 2016.

[19] S. Estcourt, J. Hickey, P. Perros, C. Dayan, and B. Vaidya, “The
patient experience of services for thyroid eye disease in the
United Kingdom: results of a nationwide survey,” European
Journal of Endocrinology, vol. 161, no. 3, pp. 483–487, 2009.

[20] M. Leo, T. Mautone, I. Ionni et al., “Variables affecting the
long-term outcome of Graves’ orbitopathy following high-
dose intravenous glucocorticoid pulse therapy in patients
not treated with orbital radiotherapy,” Endocrine Practice,
vol. 22, no. 10, pp. 1177–1186, 2016.

[21] L. Shen, F. Huang, L. Ye et al., “Circulating microRNA predicts
insensitivity to glucocorticoid therapy in Graves’ ophthalmo-
pathy,” Endocrine, vol. 49, no. 2, pp. 445–456, 2015.

[22] V. M. Naik, M. N. Naik, R. A. Goldberg, T. J. Smith, and R. S.
Douglas, “Immunopathogenesis of thyroid eye disease: emerg-
ing paradigms,” Survey of Ophthalmology, vol. 55, no. 3,
pp. 215–226, 2010.

[23] K. I. Papageorgiou, C. J. Hwang, S. H. Chang et al., “Thyroid-
associated periorbitopathy: eyebrow fat and soft tissue expan-
sion in patients with thyroid-associated orbitopathy,” Archives
of Ophthalmology, vol. 130, no. 3, pp. 319–328, 2012.

[24] D. Imbrasiene, J. Jankauskiene, and D. Stanislovaitiene,
“Ultrasonic measurement of ocular rectus muscle thickness
in patients with Graves’ ophthalmopathy,” Medicina, vol. 46,
no. 7, pp. 472–476, 2010.

[25] J. H. Peragallo, F. G. Velez, J. L. Demer, and S. L. Pineles,
“Postoperative drift in patients with thyroid ophthalmopathy
undergoing unilateral inferior rectus muscle recession,”
Strabismus, vol. 21, no. 1, pp. 23–28, 2013.

8 International Journal of Endocrinology


	Thickness of Extraocular Muscle and Orbital Fat in MRI Predicts Response to Glucocorticoid Therapy in Graves’ Ophthalmopathy
	1. Introduction
	2. Methods
	2.1. Subjects
	2.2. Grouping
	2.3. Orbital MRI
	2.4. Statistical Analysis

	3. Results
	3.1. Baseline Characteristics of the Patients
	3.2. Comparison of Ophthalmic Parameter Measurement in MRI
	3.2.1. Values of Exophthalmos (Table&ebsp;2, Figure&ebsp;2(a))
	3.2.2. Thickness of Extraocular Muscles (Table&ebsp;2, Figure&ebsp;2(b))
	3.2.3. Sum Thickness of Extraocular Rectus Muscles (EOM) (Table&ebsp;2, Figure&ebsp;2(c))
	3.2.4. Thickness of Fatty Tissue (Table&ebsp;2, Figure&ebsp;2(d))
	3.2.5. Inferior Rectus Thickness/Orbital Fat Thickness (Inferior Rectus/Fat Ratio) (Table&ebsp;2, Figure&ebsp;2(e))
	3.2.6. EOM Thickness/Orbital Fat Thickness (EOM/Fat Ratio) (Table&ebsp;2, Figure&ebsp;2(e))

	3.3. Predictive Factors for Response to GC Treatment in GO Patients
	3.4. ROC Curve Analysis

	4. Discussion
	Ethical Approval
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

