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Background: Persistent increase in intraocular pressure (IOP) is often observed in eyes with thyroid-
associated ophthalmopathy (TAO), which has irreversible effects on the visual function of patients. This
retrospective cross-sectional study evaluated the value of magnetic resonance imaging (MRI) measurements
of extraocular muscle (EOM) volume in prognosing IOP in patients with TAO.

Methods: This single-center study was conducted in Beijing Friendship Hospital (Beijing, China), a tertiary
hospital. From 35 participants, 70 eyes (normal IOP group: 50 eyes; high IOP group: 20 eyes; random
samples) were enrolled in this study. Basic data from patients were collected and compared using 2-sample
t-tests and chi-squared tests. The volume of the EOM, orbit fat, and whole orbit were measured by orbital
MRI. Moreover, proptosis, optic nerve (ON) sheath diameter, optic nerve angle (ONA), and gaze angle were
additionally measured with MRI. These parameters were compared between the two groups using 2-sample
t-tests and chi-squared tests. Before and after post-methylprednisolone therapy, the MRI data of 20 eyes
were obtained and compared with a paired #-test. Peripapillary retinal nerve fiber layer (RNFL) thickness was
obtained using an optical coherence tomography (OCT) scan. Spearman rank correlation analysis, logistic
regression analysis, and receiver operating characteristic (ROC) curves were performed to evaluate the role
of these factors in IOP changes.

Results: The EOM volume and axial and sagittal ONAs in the high-IOP group were significantly
increased compared to the normal-IOP group (P<0.001, P=0.001, P=0.02, respectively). Logistic regression
analysis indicate that the cutoff value for EOM volume for the diagnosis of high IOP was significantly larger
than that of the other parameters except orbit volume (P=0.03, P=0.004, P=0.08, respectively). Spearman
correlation analysis revealed a significant correlation between EOM volume and ON sheath diameter and
average RNFL thickness (P=0.01, P=0.02, respectively). A paired #-test indicated a significant decrease
of EOM volume and ON sheath diameter as well as a significant enlargement of the axial ONAs after
methylprednisolone therapy (P=0.002, P=0.02, P=0.05, respectively).

Conclusions: EOM volume was an effective diagnostic factor for tracking IOP changes and ON patterns
in patients with TAO. Methylprednisolone therapy is recommended for patients with TAO with secondary
glaucoma to quickly reduce the EOM volume.
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Introduction

Thyroid-associated ophthalmopathy (TAO) or Graves
ophthalmopathy (GO) is the major extrathyroidal
manifestation of Graves disease (GD), which is one of
the most complex autoimmune disorders in human eyes,
resulting in orbital disfigurement, double vision, and even
vision loss (1). Patients with TAO have an inflammatory
autoimmune condition caused by the change of thyrotropin
receptor autoantibodies (TRAb) (2). The therapeutic
strategies for patients with TAO are based on a precise
assessment of the activity and severity of the disease.
In most cases, TAO stabilizes after immunosuppressive
therapy, which is the most common therapy in clinic (1,3).
Several studies have evaluated the intraocular pressure (IOP)
in patients with TAO using a cross-sectional study design,
and a correlation between IOP and the different states of
TAO has been established (4,5). In a recent study, 29.0% of
patients with TAO under long-term evaluation of IOP were
diagnosed with glaucoma compared with 6.0% of the non-
TAO controls (6). Therefore, the mechanism and treatment
of IOP in TAO orbits urgently need to be investigated.

IOP should be evaluated in patients due to its association
with the increased risk of glaucoma and optic neuropathy (7),
although very few studies have focused on the exact
mechanism underlying the increased IOP in patients
with TAO. IOP remains the disease’s primary modifiable
risk factor from both a pathophysiological and treatment
standpoint (8). TAO myopathy spans a wide spectrum of
pathological changes, whose relevance to the evaluated
IOP is poorly understood. Lymphocyte infiltration and
glycosaminoglycan (GAG) deposits in the extraocular
muscles (EOMs), connective tissue, and orbital fat (OF)
are involved in TAO (9). Radiology, especially magnetic
resonance imaging (MRI), is important for distinguishing
the orbital contents and their alterations and has been
considered as a potential solution for noninvasively
classifying TAO (10). Proptosis, orbit enlargement, EOM
proliferation, and OF expansion can be measured using
orbital MRI and subsequently resolved (11). However, most
of the existing studies have focused on the clinical features
of orbital tissue in TAO, such as quantitation of EOM
fibrosis by T'l mapping and T2 relaxation time (T2RT)
(12,13), and the relationship between IOP and orbital tissue
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remains unexplored in comparison.

This study employed MRI to conduct an integrated
assessment of orbital tissue and characterize the potential
reladonship between IOP and orbital tissue with the aim of
evaluating their utility in assessing visual functional damage
in patients with TAO. We present this article in accordance
with the STROBE reporting checklist (available at https://
gims.amegroups.com/article/view/10.21037/qims-23-44/rc).

Methods
Patients

This observational cross-sectional study was conducted in
accordance with the Declaration of Helsinki (as revised
in 2013) and was approved by the ethics committee of
Beijing Friendship Hospital, Capital Medical University
(approval No. 2022-P2-415). The requirement for written
informed consent was waived due to the retrospective
nature of the study. From January 2020 to September 2022,
TAO inpatients aged 18 to 65 years were recruited from
the Ophthalmology Department of the Beijing Friendship
Hospital at Capital Medical University. Diagnoses were
based on the Chinese guideline for the diagnosis and
treatment of thyroid-associated ophthalmopathy [2022] (14)
as follows: (I) if lid retraction is present, the diagnoses
should include thyroid dysfunction, proptosis, and EOM
involvement; (II) at least 1 of the 3 symptoms of lid
retraction, proptosis, and effect of the EOMs should be
present for a diagnosis of thyroid dysfunction. Additionally,
all the recruited patients were required to have an IOP
evaluation result from Goldmann applanation tonometry in
the first position of the eyeball in their first hospitalization.
The exclusion criteria were as follows: (I) a history of
orbital trauma, orbital tumors, orbital irradiation, or orbital
surgery; (II) previous corticosteroid therapy, radiotherapy,
or any other treatment for TAO; (III) intracranial mass
lesions, hematencephalon, or other cranial disorders that
could increase intracranial pressure; (IV) previous diagnosis
of glaucoma, or a history of taking medicine for controlling
IOP; (V) pathological myopia, anterior ischemic optic
neuropathy, or a history of other retinal or optic nerve
(ON) diseases; (VI) contraindications for MRI; and (VII)
contraindications for glucocorticoid therapy.
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In total, 70 eyes from patients who underwent MRI
evaluation were enrolled, which were further classified into
the normal IOP group (10< IOP <21) and the high IOP
group (IOP >21) according to the IOP values.

Among all patients, most received methylprednisolone
pulse therapy, which was administered at a dose of
500 mg of methylprednisolone for 6 successive weeks
and was followed by administration of 250 mg of
methylprednisolone for another 6 successive weeks. MRI
data of 10 patients were collected, which was performed
within 1 week after methylprednisolone pulse therapy at the
ophthalmology clinic. The pre- and post-therapy MRI data

of 20 eyes were obtained.

MRI

Orbital MRI was performed in all patients and evaluated
using a 3.0 T MRI scanner (Philips Healthcare, Best,
Netherlands). Axial, coronal, and sagittal MRI was obtained
using T2-weighted spin echo (repetition time =660 ms;
time to echo =11.1 ms, matrix size =256x256 mm, field
of view =18x18 cm, slice thickness =3.0 mm). All patients
were required to keep their eyes closed and stay motionless
during the examinations. The MRI scans of patients were
evaluated by two experienced ophthalmologists who both
held positions of deputy chief physician.

Measurement of volumes

Orbital MRI data were anonymously and randomly
measured by 2 using Dicom UniWeb Server (Radiont)
which automatically provides the measurement. The two
investigators were blinded to the information and clinical
features of the patients. The cross-sectional area of whole
orbit and the EOMs, including the superior rectus (SR),
inferior rectus (IR), lateral rectus (LR), medial rectus
(MR), superior oblique (SO), and ON, were measured in
4 continuous slices after the cut surface of the eyeball by
tracing outlines of each tissue on T2-weighted coronal
images. The levator palpebrae superioris was measured
in complex with the SR because of its difficulty in being
discerned. The volume of the whole orbit, EOMs, and ON
was defined as the sum of traced areas multiplied by the slice
thickness (3 mm). The volume of the OF was calculated by
subtracting the volumes of the EOMs and ON from the
whole orbit (Figure 1A4).
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Measurement of proptosis and ON sheath diameter

The proptosis was measured on the axial T2-weighted
images with Dicom UniWeb Server. A line was drawn
between the bilateral frontal processes of the zygomatic
bones, and a perpendicular line was drawn from the top of
the cornea to this point. The length of the perpendicular
line was measured automatically as the degree of proptosis
(Figure 1B). The diameter of ON sheath was measured at
2 mm posterior to the ON insertion (Figure 1C).

Measurement of optic nerve angle (ONA) and gaze angle

The axial and sagittal ONAs were measured on T2-
weighted images using Dicom UniWeb Server. The ONA
is the angle of the greatest bend in the ON for each eye.
Meanwhile, the angle formed by the long axis of the orbit
and the long axis of the globe was also measured on T2-
weighted axial and sagittal images to assess the direction of
horizontal and vertical gaze (Figure 1C,1D).

Optical coberence tomography (OCT) measurements

The patients with TAO underwent an OCT scan using a
spectral-domain OCT (Spectralis, Heidelberg Engineering).
The peripapillary retinal nerve fiber layer (RNFL) thickness
was obtained using the optic disc cube 200x200 protocol.

Statistical analysis

Statistical analyses were performed using SPSS statistical
software (IBM Corp., New York, United States). The
Kolmogorov-Smirnov test was used to identify the normality
of distribution. Data are expressed as the mean = standard
deviation. The independent samples #-test and Mann-
Whitney test were used to compare MRI parameters between
different IOP groups. A paired 7-test was used to compare the
MRI parameters before and after methylprednisolone pulse
therapy. Bivariate logistic regression was used to analyze
the relationship between orbital MRI measurements and
IOP. The area under the receiver operating characteristic
(ROC) curve (AUC) was used to evaluate the accuracy of the
regression model diagnosis. Multiple logistic regression was
used to analyze the relationship between age, clinical activity
score (CAS), orbital MRI measurements and IOP, area under
curve (AUC), and confidence interval (CI) were calculated.
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Figure 1 Measurements of orbital MRI data on T2-weighted images. (A) Measurements of the cross-sectional area of whole orbit and
EOMs, including the SR, IR, LR, MR, SO, and ON. (B) Measurement of proptosis. The perpendicular distance (dual arrows) from the top

of the cornea to the line connected to bilateral frontal processes in the zygomatic bones was measured. (C) Measurements of the axial ONA

(solid line), horizontal gaze angle (dotted line), and the diameter of optic nerve sheath (I-shaped line). (D) Measurements of the sagittal

ONA (solid line) and vertical gaze angle (dotted line). SR, superior rectus; IR, inferior rectus; LR, lateral rectus; MR, medial rectus; SO,

superior oblique; ON, optic nerve; MRI, magnetic resonance imaging; ONA, optic nerve angle; EOM, extraocular muscle.

Table 1 Patient demographic and clinical characteristics

Variables Normal IOP group (n=50, eyes) High I0OP group (n=20, eyes) P value
Age (years) 47.78+11.13 50.45+8.90 0.30
Gender (male/female) 20/30 12/8 0.13
BMI (kg/m?) 24.90+3.36 25.34+4.90 0.68
Hypertension (yes/no) 0/50 3/17 0.08
Hyperlipidemia (yes/no) 27/23 9/11 0.50
CAS 3.30+0.84 3.75+1.12 0.20
Diabetes/n% 4/46 2/18 0.79
IOP (mmHg) 15.84+3.23 24.42+2.42 <0.001

Data are presented as mean + standard deviation. IOP, intraocular pressure; BMI, body mass index; CAS, clinical activity score.

Pearson product-moment correlation coefficient was used
to analyze the correlation between the EOM volume and
ON-related measurements. A P value <0.05 was considered
statistically significant.

Results
Patient demographic and clinical characteristics

A total of 70 TAO eyes from 35 patients were enrolled
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in this study, including 50 in the normal IOP group and
20 in the high IOP group. 7able 1 summarizes the patient
demographics and clinical characteristics. Patients in
the two groups showed no significant differences in age,
gender, body mass index (BMI), or medical histories of
hypertension, CAS, diabetes, or hyperlipidemia (P=0.30,
P=0.13, P=0.68, P=0.08, P=0.20, P=0.79, P=0.50,
respectively). Statistically significant increased IOPs were
observed in the high IOP group (P<0.001) (7able I).
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Table 2 Comparison of orbital MRI parameters of the two groups

MRI parameters Normal IOP group (n=50, eyes) High IOP group (n=20, eyes) P value
Proptosis (mm) 21.07+3.10 21.36+4.38 0.76
EOM volume (cm?) 3.18+0.78 4.13+1.04 <0.001
OF volume (cm3) 6.89 (5.81,9.31) 8.54 (6.22, 9.65) 0.26
Orbit volume (cm?) 11.05+3.24 12.57+3.19 0.08
Axial ONA (deg) 168.80+6.30 162.35+5.81 0.001
Sagittal ONA (deg) 170.31+£5.76 166.19+4.88 0.02
Horizontal gaze (deg) 158.30+10.53 158.90+10.80 0.85
Vertical gaze (deg) 166.12+£10.36 171.23+10.01 0.11

Data are presented as mean =+ standard deviation or median (quartile). MRI, magnetic resonance imaging; IOP, intraocular pressure; EOM,

extraocular muscle; OF, orbital fat; ONA, optic nerve angle; deg, degree.

Table 3 Logistic regression, AUC, and cutoff values for the differential diagnosis of high IOP

MRI parameters AUC 95% Cl Cutoff point Sensitivity Specificity
EOM volume 0.747 0.629-0.843 4.204 0.50 0.90
OF volume 0.586 0.461-0.702 7.730 0.65 0.66
Orbit volume 0.641 0.517-0.752 12.045 0.75 0.60

AUC, area under curve; IOP, intraocular pressure; Cl, confidence interval; EOM, extraocular muscle; OF, orbital fat.

Orbital MRI parameters

A significant proliferation of EOM volume was found in MRI
of the high IOP group (P<0.001). Nevertheless, there were
no significant differences in proptosis (P=0.76) or the volumes
of OF (P=0.26) and the whole orbit (P=0.08). In terms of the
angles in MRI measurement, we found a notable reduction
in axial and sagittal ONA (P=0.001, P=0.02, respectively).
As expected, the horizontal and vertical gaze angles did not
change greatly (P=0.85, P=0.11, respectively) (Tible 2).

Logistic regression analysis and ROC of factors associated
with bigh IOP

Bivariate logistic regression was used to examine the association
between age, MRI parameters, and IOP (Zable 3). ROC curve
analysis showed that the cutoff value for proptosis for the
diagnosis of high IOP was 23.2 mm (sensitivity: 45%;
specificity: 80%), and the AUC was 0.509 (95% CI: 0.387-
0.631). The cutoft value for EOM volume for the diagnosis
of high TOP was 4.204 cm’ (sensitivity: 50%; specificity:
90%), and the AUC was 0.747 (95% CI: 0.629-0.843). The
cutoff value for OF volume for the diagnosis of high IOP
was 7.730 cm’ (sensitivity: 65%; specificity: 66%), and the
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AUC was 0.586 (95% CI: 0.461-0.702). The cutoff value for
orbit volume for the diagnosis of high TOP was 12.045 cm’
(sensitivity: 75%; specificity: 60%), and the AUC was 0.641
(95% CI: 0.517-0.752). The result of pairwise comparison
of ROC curves showed that the AUC of EOM volume was
significantly larger than were the other parameters except
orbit volume, which possessed high diagnostic efficacy
(P=0.03, P=0.004, P=0.08, respectively) (1zble 3, Figure
2). Multiple logistic regression was used to analyze the
relationship between age, CAS, orbital MRI measurements,
and IOP. The results showed that EOM volume (odds ratio
=4.925; 95% CI: 1.946-12.464) were significantly associated
with IOP changes, and the AUC of fit curve was 0.816 (95%
CI: 0.705-0.899; P=0.06) (Tiable 4).

The relationship between ON patterns and EOM volume

Spearman correlation analysis was performed to explore the
relationship between ON changes and EOM volume. The
EOM volume was significantly related to the ON sheath
diameter (P=0.01). As for the RNFL thickness, average
RNFL thickness showed high correlation with EOM
volume (P=0.02) (Table 5).
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The changes of orbital MRI parameters before and after
methylprednisolone therapy

A paired z-test was used to compare the MRI measurements
before and after methylprednisolone therapy in 20 eyes.
A significant decrease of EOM volume was found after
methylprednisolone therapy (P=0.002). Meanwhile, proptosis,
orbit volume, and OF volume were not significantly changed
(P=0.65, P=0.76, P=0.21, respectively). There was a significant
reduction of ON sheath diameter and a notable enlargement
of axial ONA (P=0.02, P=0.05, respectively), while the sagittal
ONA showed no significant change (P=0.75) (Table 6).

Discussion

TAO, which is closely related to thyroid disease, is a

100

Sensitivity, %

—— EOM volume
______ OF volume
,,,,,,,, Orbit volume
------- Proptosis

40 60 80 1(I)0
100-Specificity, %
Figure 2 ROC curves of factors associated with high IOP. Bivariate
logistic regression was used to examine the association between
MRI parameters and IOP, and ROC curve analysis indicated the
cutoff value. EOM, extraocular muscle; OF, orbital fat; ROC,
receiver operating characteristic; IOP, intraocular pressure; MRI,

magnetic resonance imaging.
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disease of the orbit and is characterized by enlargement
in the EOMs, OF, and orbital volume, as well as increased
proptosis (1). In clinical practice, persistent increase in
IOP is often observed, which has irreversible effects on the
visual function of patients with TAO. The present study
demonstrated that EOM volume is the most critical MRI
parameter affecting IOP changes, as it had a higher AUC,
sensitivity, and specificity in estimating IOP changes than
did the other MRI parameters in TAO eyes. Moreover,
EOM volume was correlated with ON changes, which
reflect the visual function. Methylprednisolone therapy
mainly causes reduction of EOM volume. This study used
orbital MRI measurement to demonstrate the critical
influence EOM volume has on IOP changes and visual
function in patients with TAO.

IOP is correlated with the severity and activity of
TAO, which was demonstrated by a significant increase of
IOP in patients with severe TAO (15). It has been shown
that patients with high IOP are also at a higher risk of
developing chronic conditions requiring strabismus surgery
and orbital decompression procedures (16). The underlying
mechanism and key factors of increased IOP in TAO eyes
remain unclear. A recent study found the EOMs to be
significantly enlarged in patients with high IOP compared
to those with normal IOP, while another study reported
that compared to normal participants, patients with TAO
who presented IR muscle thickening had a significantly
larger increase in IOP, indicating there to be a correlation
between EOM and IOP (17,18). Our study found greater
EOM enlargement in patients with high IOP patients than
in individuals with normal IOP, while the changes in OF
and orbit volume, obtained through MRI measurements,
were not significantly associated with increased IOP. Our
study further demonstrated the importance of EOM
volume as a key factor in estimating IOP changes over
other MRI parameters. The current opinion is that IOP
increase is mostly due to orbital edema, which consists of

Table 4 Multiple logistic regression of age, CAS, and MRI parameters with IOP

Variables Coefficient Std. error Wald P Odds ratio 95% ClI

Age 0.0338 0.037 0.840 0.36 1.034 0.962-1.112
CAS 0.440 0.363 1.472 0.23 1.553 0.763-3.162
EOM volume 1.594 0.474 11.327 <0.001 4.925 1.946-12.464
OF volume -0.095 0.150 0.403 0.53 0.909 0.678-1.220
Proptosis -0.136 0.115 1.408 0.24 0.873 0.697-1.093
Constant -6.335 3.592 3.111 0.08 1.034 0.962-1.112

CAS, clinical activity score; MRI, magnetic resonance imaging; IOP, intraocular pressure; Std., standard; Cl, confidence interval; EOM,

extraocular muscle; OF, orbital fat.
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the increased production of GAGs by the orbital fibroblasts,
and inflammation-activated fibroblasts differentiating into
adipocytes (19). A recent study used T2RT, which reflects
the edema changes caused by autoimmune inflammation
and vascular congestion, and found that the high IOP in
patients with TAO was positively correlated with EOM
inflammation (13). This is consistent with our finding of a
significant increase of EOM volume in the MRI T2 phase.
Methylprednisolone and mycophenolate sodium are
recommended as first-line treatment according to the latest
European Group on Graves’ Orbitopathy (EUGOGO)
guidelines (1). We observed a significant decrease in EOM
volume after methylprednisolone therapy. However, there
was no significant change in proptosis, OF volume, or
orbit volume after therapy, and some cases even showed
worsening despite treatment. This result is consistent with

Table 5 The relationship between optic nerve patterns and EOM
volume

Optic nerve patterns Correlation coefficient P value

Optic nerve sheath diameter 0.450 0.01
Average RNFL thickness 0.408 0.02
SN RNFL thickness 0.322 0.08
N RNFL thickness 0.236 0.20
IN RNFL thickness 0.282 0.12
ST RNFL thickness 0.294 0.11
T RNFL thickness 0.204 0.27
IT RNFL thickness 0.191 0.30

EOM, extraocular muscle; RNFL, retinal nerve fiber layer; SN,
superior nasal; N, nasal; IN, inferior nasal; ST, superior temporal;
T, temporal; IT, inferior temporal.

a previous study by Higashiyama et #/. who found that
the mean volume of the OF tissue was not significantly
decreased after methylprednisolone treatment (20).
Wiersinga et al. also reported an earlier enlargement of the
EOM as opposed to of OF during the disease’s progression
and observed a more severe inflammatory reaction in
EOM tissue (21). The possible reason for this may be that
the differences in cytokine profiles and variable degrees of
response to inflammation between OF and EOMs leads to
an early reduction of EOM volume after methylprednisolone
therapy. Proptosis changes were not found to be significantly
in our study, which is consistent with a previous study. The
value of proptosis depends on the ratio of the volume of the
whole orbit to that of the bony orbital cavity, and the OF
which constitutes the highest proportion of the whole orbit,
mainly determines the proptosis value (22). Moreover, we
considered short-term methylprednisolone-related tissue
edema is also an important reason. The long-term effect
of methylprednisolone on the degree of proptosis is also a
direction for future research.

The main site of retinal ganglion cell damage by
abnormal IOP is the ON. Recent studies reported a more
tortuous ON with primary gaze in patients with normal-
tension and high-tension IOP >21 mmHg) glaucoma than
in controls (23,24). In this study, patients with high IOP
had a significantly smaller ONA compared with patients
with normal IOP, which indicated that the tortuosity
of the ON was associated with high tension. Moreover,
methylprednisolone therapy straightened the ON sheath
and reduced its edema, which was reflected by a larger
ONA and a reduction of ON sheath diameter. A previous
study demonstrated increased ON tortuosity on MRI in
patients with idiopathic intracranial hypertension (IIH),
which means the ONA is significantly smaller in patients

Table 6 The changes of orbital MRI parameters within 1 week before and after methylprednisolone therapy

MRI parameters Pretherapy Post-therapy P value
Proptosis (mm) 23.03+2.66 23.18+2.97 0.65
EOM volume (cm?) 4.06+1.27 3.43+1.07 0.002
OF volume (cm?) 6.41+1.42 6.99+2.91 0.21
Orbit volume (cm?) 10.60+2.00 10.72+3.04 0.76
Optic nerve sheath diameter (cmd) 0.59+0.07 0.57+0.06 0.02
Axial ONA (deg) 165.35+7.73 169.16+5.89 0.05
Sagittal ONA (deg) 170.00+5.83 170.53+5.18 0.75

Data are presented as mean + standard deviation. MRI, magnetic resonance imaging; EOM, extraocular muscle; OF, orbital fat; ONA, optic

nerve angle; deg, degree.
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with ITH compared to controls (25). The mechanism
underlying this relationship is likely to be that the relatively
higher intracranial pressure increases the cerebrospinal
fluid (CSF) distention of the perioptic subarachnoid
space, leading to increased bending and edema of the ON
sheath (26). Regarding the current study, we speculated
that high IOP causes a relative increase in orbital pressure,
which leads to an ON that is more susceptible to bending.

This study clarified the relationship between ON
patterns and EOM volume. EOM enlargement has a
strong correlation with an increased ON diameter and a
decreased RNFL thickness. Hu ez 4/. detected intraorbital
ON changes using T2 mapping in patients with TAO and
found that T2RT at the intraorbital ON was significantly
correlated with the total thickness of EOMs and negatively
correlated with visual acuity and visual field indices in
patients with active TAO (27), which was in good agreement
with our results. Hence, EOM volume is an important
factor affecting ON patterns at an early stage and has a high
affinity with the visual outcome of the disease.

The limitations of this study were its single-center,
retrospective design and a relatively low number of high-
tension patients. Moreover, relatively few patients were
included in our study due to incomplete imaging and
clinical data. Additionally, even when examined by an
experienced imaging technician, a few patients had head
position deviation, which also affected the results.

Conclusions

EOM volume was highly correlated with IOP and ON
patterns, and this measurement represents a noninvasive,
replicable, and diagnostically efficient means to
tracking IOP and ON patterns in patients with TAO.
Methylprednisolone therapy can significantly reduce
the EOM volume. Therefore, methylprednisolone is
recommended for patients with TAO with secondary
glaucoma to quickly reduce the EOM volume.
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