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Purpose: This study was performed to observe changes prospectively in exophthalmos and
orbital fat in patients with inactive thyroid-associated ophthalmopathy (TAO) treated with
bimatoprost.
Methods: In this 12-month single-treatment pilot observational study, 13 patients with inactivephase TAO were administered bimatoprost to treat exophthalmos due to TAO. Exophthalmos
values and orbital tissue volumes were measured on MRI by technicians in a masked fashion.
Results: Nine orbits of nine patients (eight women, one man) were treated with bimatoprost
for 12 months. Mean exophthalmos values before and after treatment were 21.7±2.2 and
21.7±2.0 mm, respectively. The mean value after 12 months of treatment was not significantly
different from before treatment (P=0.82). Mean orbital fat volume before and after 12 months
of treatment was 17.2±2.5 and 17.0±3.0 cm3, respectively. The corresponding total extraocular
muscle volume was 4.0±0.7 and 3.8±0.9 cm3, respectively. Mean volume in each tissue type
after 12 months of treatment was not significantly different from before treatment (orbital fat,
P=0.70; extraocular muscles, P=0.32).
Conclusion: Topical bimatoprost treatment did not reduce exophthalmos or orbital fat in this
cohort of patients with inactive TAO.
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Thyroid-associated ophthalmopathy (TAO) is an autoimmune inflammatory disease
in the orbit that causes inflammation of extraocular muscle and orbital fat. 1–5
Patients present with clinical symptoms and signs that may include exophthalmos,
ocular movement disorder, upper-eyelid retraction, and chemosis.5–9 The cause of
exophthalmos, which decreases the quality of life of these patients, is mainly an
increased amount of orbital fat and enlarged extraocular muscles.10
Methylprednisolone pulse therapy has been reported to reduce the inflammation
associated with TAO.11–14 We have reported exophthalmos values and orbital tissue
volume in patients with acute-phase TAO before and after methylprednisolone pulse
therapy.15 Mean orbital fat volume did not change significantly, although extraocular
muscle enlargement decreased significantly. As a result, the mean exophthalmos value
was not significantly different after treatment, because the orbital fat volume, which
is largest in the orbit, had not changed. Another study also showed that exophthalmos
values did not significantly improve after methylprednisolone pulse therapy.16
Therefore, decreasing the amount of orbital fat appears to be the most important factor
in alleviating exophthalmos, and studies have shown that orbital fat-decompression
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surgery is effective for exophthalmos due to TAO. 17,18
Another study showed that intravenous administration of
teprotumumab, a human monoclonal antibody inhibitor of
IGF1R, was effective for exophthalmos in patients with
active TAO.19 IGF1R was detected in patients with TAO.
Therefore, teprotumumab may result in a reduction in the
volume of orbital fat.
Prostaglandin F2α (PGF2α) analogues, such as bimatoprost, have been used in patients with glaucoma or
hypertension.20,21 However, previous studies have shown
that PGF2α analogues can cause PG-associated periorbitopathy (PAP) such as enophthalmos, periorbital fat atrophy,
and deepening of the upper-eyelid sulcus.22–26 PAP has been
reported more frequently after the use of bimatoprost than
after the use of other PGF2α analogues.27,28 Those studies
reported the presence of enophthalmos and orbital fat
atrophy in patients with glaucoma using bimatoprost.28,29
One study showed that PGF2α prevented adipocyte differentiation by activating MAPK and that this mechanism
might cause fat atrophy.29 To the best of our knowledge,
however, changes in exophthalmos and orbital fat in
patients with inactive TAO treated with bimatoprost have
not been reported. Therefore, the purpose of this study
was prospectively to observe changes in exophthalmos
and orbital fat in patients with inactive TAO treated with
bimatoprost.

Methods
Patients
Patients with inactive TAO who had developed exophthalmos were enrolled in this prospective interventional study
at the Department of Ophthalmology, Shiga University
of Medical Science Hospital from August 2015 to June
2018. The design was a 12-month single-treatment pilot
observational study of bimatoprost in patients with inactive TAO. This study was approved by the institutional
review board of Shiga University of Medical Science. It was
conducted in accordance with the tenets of the Declaration
of Helsinki. Written informed consent was obtained from
each patient.
Exclusion criteria were the presence of TAO in the acute
inflammatory phase, a history of treatment with PGF2α analogues, a history of other orbital disease, such as that due to
trauma, and/or being at risk for an MRI examination. The
study group comprised 13 patients with inactive-phase TAO
(13 orbits), whose mean±SD exophthalmos value before
treatment was 21.7±1.9 (16.6–24.8) mm.
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MRI examinations were performed four times: before
treatment and 3, 6, and 12 months after treatment. For each
patient, if both orbits were treated with bimatoprost, only
data for the right eye were used to avoid data duplication.
The primary end point was change in exophthalmos values
after 12 months of treatment. To meet the study objective,
outcomes were measured not by clinical assessments, such
as exophthalmometry, but entirely by MRI findings. Patients
were treated for exophthalmos with bimatoprost ophthalmic
solution 0.03% (Allergan, Irvine, CA, USA) once a day for
12 months. To avoid PAP-associated pigmentation, patients
were instructed strictly to wipe off excess bimatoprost after
eyedrop administration.

MRI acquisition
All images were acquired on a 3.0 Tesla MRI unit (Signa
HDxt 3.0 T; GE Healthcare, Little Chalfont, UK) with
a standard head coil. MR images were obtained using
T2-weighted spin-echo MRI with a slice thickness of 1.5 mm.
On axial images conditions were: repetition time 4,200 ms,
echo time 85 ms, field of view 140 mm, and number of
excitations two. Those on coronal and sagittal images were:
repetition time 5,000 ms, echo time 85 ms, field of view
140 mm, and number of excitations two.

Exophthalmos measurement
Exophthalmos was measured on axial images using a workstation (Aquarius Intuition software; TeraRecon, Foster
City, CA, USA), which was similar to that used in previous
studies.15,30 The exophthalmos value was defined as the
perpendicular distance from the top point of the corneal
surface to the line between the bilateral frontal processes of
the zygomatic bone (Figure 1). Exophthalmos was measured
in a masked fashion by two technicians.

Volume measurement
The volume of each orbital tissue (ie, orbital fat, extraocular
muscles, eyeball, optic nerve) were measured on MRI in a
manner similar to that used in previous studies.15,31–33 Regions
of interest (ROIs) were drawn around the tissue samples on
the MR images, and cross-sectional areas of the ROIs were
measured using the workstation. Cross-sectional areas of
orbital fat, lateral rectus, medial rectus, and superior oblique
muscles, eyeball, and optic nerve were captured on axial
images (Figure 2). Areas of the superior rectus and inferior
rectus muscles were evaluated on sagittal images. Coronal
images were used to evaluate the inferior oblique muscle.
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Data are expressed as means±SD. P,0.05 was considered
to indicate statistical significance.

Results
Patients

Figure 1 Exophthalmos measurement.
Note: Exophthalmos value was defined as the perpendicular distance from the top
point of the corneal surface to the line between the bilateral frontal processes of
the zygomatic bones.

ROIs of orbital fat included the lacrimal gland, vessels, and
connective tissue, because these structures were difficult to
separate. ROIs of the superior rectus muscle included the
levator palpebrae muscle for the same reason. The volume
of each tissue sample was calculated by multiplying the sum
of the cross-sectional areas by the slice thickness (1.5 mm),
and measured in a masked fashion by two technicians.

Statistical analysis
The Shapiro–Wilk test was used to test the normality of the
numerical variables. Paired t-tests were used to compare the
exophthalmos values and the orbital tissue volume before
and after 12 months of treatment. All analyses were performed using SPSS 22 software (IBM, Armonk, NY, USA).
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In the final analysis, we analyzed nine orbits of nine patients
(eight women, one man; mean age 49.9±10.6 [35–68] years)
who had been treated with bimatoprost for 12 months.
The mean pretreatment exophthalmos value was 21.7±2.2 mm
(16.6–24.8). Five of the nine patients were treated bilaterally
with bimatoprost, and four were treated unilaterally. All
patients had Graves’s disease, and four of the nine had a
treatment history of methylprednisolone pulse therapy. No
patients had a history of orbital surgery or orbital radiotherapy.
Characteristics of the patients are listed in Table 1.
During the 12-month period, 4 of 13 patients dropped
out of treatment (Figure 3). One of the four dropped
out at 3 months because of the appearance of periocular
skin hyperpigmentation. The second patient dropped out
at 6 months because the TAO developed into an acute
inflammatory phase. The third patient dropped out at
5 months because of stinging due to bimatoprost. Finally,
the fourth patient dropped out at 6 months because of poor
adherence to the regimen.

Exophthalmos
Mean exophthalmos values before and after 12 months
of treatment are shown in Table 2. The mean value after
12 months was not significantly different from that before
treatment (Figure 4).
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Figure 2 Volume measurement.
Notes: Regions of interest (ROIs) were drawn around tissue on MR images, and cross-sectional areas of the ROIs were measured. The volume of each tissue type was
calculated by multiplying the sum of the cross-sectional area by the slice thickness (1.5 mm). (A) Axial slice shows cross-sectional areas of orbital fat (Fat). (B) Axial slice
shows the cross-sectional areas of the lateral rectus (LR) and medial rectus (MR) muscles, eyeball (EB), and optic nerve (ON). (C) Sagittal slice shows the cross-sectional
areas of the superior rectus (SR) and inferior rectus (IR) muscles. (D) Axial slice shows the cross-sectional area of the superior oblique (SO) muscle. (E) Coronal slice shows
the cross-sectional areas of the inferior oblique (IO) muscle.
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Mean volumes before and after 12 months of treatment are
shown in Table 2. The mean volume of each tissue after
12 months of treatment was not significantly different from
that before treatment (Figures 5 and 6).

Patient dropout

Abbreviations: G, Graves’s disease; TAO, thyroid-associated ophthalmopathy.
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Figure 3 Diagram of patients who were included and dropped out.
Notes: Thirteen patients were included in this study. Four of the 13 dropped out.
In the final analysis, we analyzed nine orbits of nine patients.
Abbreviation: TAO, thyroid-associated ophthalmopathy.
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Case

Table 1 Characteristics of patients with TAO

History of methylprednisolone
pulse therapy

History of orbital surgery
and orbital radiotherapy

,QFOXGHG Q 

For patients who dropped out, orbital fat volume and
exophthalmos values before treatment and at the last
MRI examination are shown in Table 3 and Figures 4–6
(one patient was excluded from the table and figures
because the TAO developed into an acute inflammatory
phase and the extraocular muscles were swelling). Orbital
fat volume and exophthalmos values for patients who
dropped out were similar before treatment and at the last
MRI examination.

Discussion
Our results indicate that neither the mean exophthalmos value
nor mean orbital fat volume decreased significantly after
12 months of treatment with bimatoprost. Previous studies
of patients with TAO showed a close relationship between
exophthalmos values and volume of orbital fat.30,34 Based on
these findings, a decrease in orbital fat is needed to alleviate
exophthalmos. Other studies have revealed the effectiveness
of surgery (eg, orbital fat decompression) to accomplish this
difference.17,18 Richter et al17 reported the effectiveness of
transpalpebral decompression. Their mean resected volume
of orbital fat was 6.3 cm3, and their mean exophthalmos
value decreased by 5.9 mm (from 24.3 mm preoperatively
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Table 2 Changes in exophthalmos values and orbital tissue volume from before to after treatment with bimatoprost
After 12 months
of treatment

Change value

95% CI

P-value

21.7±2.2
17.2±2.5
4.0±0.7
9.3±1.1
0.5±0.1

21.7±2.0
17.0±3.0
3.8±0.9
9.3±0.9
0.4±0.1

0.05±0.71
-0.13±0.94
-0.21±0.59
-0.07±0.38
-0.05±0.12

-0.60 to 0.49
-0.60 to 0.85
-0.25 to 0.66
-0.22 to 0.36
-0.48 to 0.14

0.82
0.70
0.32
0.60
0.29

to 18.4 mm postoperatively). It decreased according to the
decrease in the orbital fat volume postoperatively. In the
current study, we performed a new treatment using noninvasive bimatoprost. Unfortunately, exophthalmos values
were not lower after treatment, because orbital fat volume
had not decreased.
Although a previous study showed orbital fat atrophy
in patients with glaucoma after using bimatoprost,28,29 we
did not have the same experience in our patients with TAO.
The most important regulators of fat-cell lipolysis are
hormones and paracrine factors, such as prostaglandins.35
PGF2α-receptor agonists are potent inhibitors of adipocyte
differentiation.36–38 Taketani et al39 reported that PGF2α
analogues have the potential to inhibit adipogenesis in vitro
through PGF2α-receptor stimulation. The orbital fat atrophy reported in the patients with glaucoma treated with
bimatoprost might have occurred by that mechanism. In the
current study, however, the volume of orbital fat had not
decreased after treatment. Although the reason is unclear,
we speculate that the pathophysiology associated with TAO
might be different from that associated with glaucoma.
Four of 13 patients dropped out of this study. The reasons
were adverse effects and intolerance of bimatoprost because
of the development of periocular skin hyperpigmentation and
bimatoprost-induced stinging. PAP has been reported more
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Figure 4 Exophthalmos values.
Note: Mean values after 12 months of treatment were not significantly different
from those before treatment (P=0.82).
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frequently after using bimatoprost than after use of other
PGF2α analogues,34,35 hence the dropouts.
The present study has some limitations. First, the
sample was small. Although only nine orbits were included
in this study, the results showed a similar tendency in all
patients, and exophthalmos values and orbital fat volume
after 12 months of treatment were not remarkably different
from those before treatment. Second, only bimatoprost
was used. Other PGF2α analogues, such as latanoprost,
were not evaluated in this study. However, it is expected
that other PGF2α analogues will be ineffective in reducing
exophthalmos in patients with TAO, because the incidence of
PAP caused by bimatoprost is higher than that caused by other
PGF2α analogues.27,28 Third, we used eyedrops as the method
of administration in this study, because previous studies have
shown that bimatoprost eyedrops cause enophthalmos in
patients with glaucoma.28,29 Actually, bimatoprost eyedrops
were ineffective for TAO-induced exophthalmos in the
present study. Therefore, because the cause of ineffectiveness
in this study might have been eyedrops as the method of
administration, it cannot be denied that other methods of
bimatoprost administration could be effective. Fourth,
cytokines stimulate orbital fibroblasts to produce high levels
of PGE2 in patients with TAO, enlarging the volume of
orbital fat and extraocular muscle.11,40–42 This mechanism,
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Figure 5 Orbital fat volume.
Note: Mean volume after 12 months of treatment was not significantly different
from that before treatment (P=0.70).
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to the accuracy or integrity of the work are appropriately
investigated and resolved. MO contributed to the conception
and design of the study and the analysis and interpretation of
data; revised it critically for important intellectual content;
provided final approval of the version to be published; and
agrees to be accountable for all aspects of the work in ensuring
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are appropriately investigated and resolved.
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Figure 6 Extraocular muscle volume.
Note: Mean volume after 12 months of treatment was not significantly different
from that before treatment (P=0.32).

which differs from that in normal individuals and patients
with glaucoma, may be related to that in the present study
of bimatoprost (ie, prostaglandin analogues).
In conclusion, mean exophthalmos values and orbital
fat volume were not significantly lower after treatment with
bimatoprost. Therefore, topical bimatoprost treatment did not
reduce exophthalmos or orbital fat in this cohort of patients
with inactive TAO.
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Table 3 Exophthalmos values and orbital tissue volume from
before treatment to last MRI examination in patients who
dropped out

Exophthalmos (mm)
Orbital fat (cm3)
Total extraocular muscles (cm3)
Eyeball (cm3)
Optic nerve (cm3)

Before
treatment

At last
MRI

21.5±1.3
15.6±2.4
3.9±1.3
8.4±1.3
0.5±0.1

21.4±1.3
14.5±1.1
3.7±1.1
8.6±1.2
0.5±0.1

Abbreviation: MRI, magnetic resonance imaging.
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