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Background. Laser speckle flowgraphy (LSFG) can be used to estimate optic nerve blood flow. This study used LSFG to evaluate
optic nerve microcirculation in patients with thyroid eye disease (TED). Methods. This was a retrospective review of patients with
active TED who underwent LSFG between October 2020 and June 2021. The mean blur rate (MBR) for different severities of
active TED was analyzed by one-way analysis of variance (ANOVA). Results. A total of 30 patients (60 eyes) with a diagnosis
of active TED who underwent LSFG were included. The mean age was 49 (range, 33–74) years. Mean best-corrected visual
acuity was the worst in the group with sight-threatening active TED (0:29 ± 0:33 logarithm of the minimum angle of
resolution, p = 0:01). The MBR-overall was the highest in the group with mild active TED (28:5 ± 2:7), followed by that in the
moderate to severe (23:6 ± 3:2), and in the sight-threatening (20:2 ± 4:3) active TED groups (p < 0:001). The MBR-vessel was
57.1, 47.0, and 39.3 in the mild, moderate to severe, and sight-threatening active TED groups, respectively (p < 0:001). The
MBR-tissue was 16.9, 14.4, and 12.0 in the mild, moderate to severe, and sight-threatening active TED groups, respectively
(p < 0:001). Conclusions. This study demonstrates that optic nerve blood flow is lower with more severe active TED. In
addition, LSFG is an effective, objective, and noninvasive method for evaluating the severity of TED.

1. Introduction

Thyroid eye disease (TED) is an autoimmune inflammatory
disease characterized by proptosis, lid retraction, and diplo-
pia (1). TED occurs in 35% (2) of patients with Graves’ dis-
ease and may affect the patient’s appearance, causing ocular
discomfort and leading to dysthyroid optic neuropathy
(DON). DON, a severe complication of TED, has been dem-
onstrated to occur in 4–8% (3–5) of the population with
TED and may lead to a decrease in color vision, visual field
defect, and even visual loss without early and prompt man-
agement (5, 6).

Currently, the diagnosis of TED is generally based on
clinical presentation. The European Group on Graves’
Orbitopathy (EUGOGO) classified TED into mild, moder-
ate to severe, and sight-threatening according to the

degree of lid retraction, soft tissue involvement, proptosis,
and diplopia (7). Visual field changes, relative afferent
pupillary defects, diminished color vision, and radiological
hypertrophy of the extraocular muscle might also indicate
progression of the disease (6, 8). However, as far as we are
aware of, none of the aforementioned parameters can be
used to objectively quantify the severity of the disease
individually. Color Doppler ultrasound has been used to
measure orbital blood flow changes in patients with
TED, but the relationship between orbital blood flow and
the severity of TED remains unclear (9–11).

Laser speckle flowgraphy (LSFG) is based on the laser
speckle phenomenon and is a noninvasive instrument that
can measure two-dimensional relative blood flow velocity
of the ocular microcirculation in real time (12, 13). The
mean blur rate (MBR), which represents the velocity of optic
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nerve blood flow, has been previously applied to monitor the
severity of glaucoma (14, 15), evaluate ischemic optic neu-
ropathy (16, 17), and detect retinal diseases (18). Although
LSFG can be used to estimate optic nerve blood flow, to
the best of our knowledge, it has never been used to monitor
blood flow changes in patients with TED or to evaluate the
severity of TED.

The aim of this study was to evaluate optic nerve micro-
circulation through LSFG in patients with active TED of dif-
fering degrees of severity. We hypothesized that patients
with more severe active TED would have lower MBR, which
could be determined using LSFG.

2. Materials and Methods

2.1. Characteristics of Study Patients. This was a retrospec-
tive study of patients with active TED who underwent LSFG.
Electronic medical charts for patients between October 2020
and June 2021 at Linkou Chang Gung Memorial Hospital,
the largest tertiary referral hospital in Taiwan, were
reviewed. The study design conformed to the principles of
the Declaration of Helsinki and was approved by the Chang
Gung Medical Foundation’s Hospital Ethics Committee on
Human Research (IRB number: 202101159B0).

We recruited patients with active TED. Active TED was
defined as an inflammatory score ≥ 4 on the VISA grading sys-
tem (19). The VISA inflammatory score organizes the clinical
features of TED into 4 discrete groupings: V (vision, dysthyroid
optic neuropathy), I (inflammation, congestion), S (strabismus,
motility restriction), and A (appearance, exposure). Patients
with a history of glaucoma, ocular hypertension, ocular surface
disease, or optic nerve diseases other than DON were excluded.
Patients who could not undergo LSFG were also excluded.

Demographic data and information on previous sys-
temic and ocular diseases, steroid use, surgical treatment
for Graves ophthalmopathy, clinical presentations, and com-
prehensive ocular examination results comprising best-
corrected visual acuity (BCVA), intraocular pressure, Hertel
exophthalmometry, the Ishihara color test, and the diplopia
test were obtained from participants’ medical records.
BCVA was measured using the Snellen chart. Mean arterial
pressure (MAP) was calculated as DBP + 1/3ðSBP –DBPÞ,
and mean ocular perfusion pressure (MOPP) was calculated
as 2/3½DBP + 1/3 ðSBP −DBPÞ − IOP� (20, 21).

2.2. EUGOGO Classification. Patients with active TED were
divided into groups by EUGOGO classification (7). The
EUGOGO classifies TED severity as follows:

(1) TED is considered mild if the patient has one or
more of the following

(i) Minor lid retraction (<2mm)

(ii) Mild soft-tissue involvement

(iii) Exophthalmos <3mm above normal for race and
gender

(iv) No or intermittent diplopia with corneal exposure
responsive to lubricants

(2) TED is considered moderate to severe if the patient
has two or more of the following

(i) Lid retraction of ≥2mm

(ii) Moderate or severe soft-tissue involvement

(iii) Exophthalmos ≥3mm above normal for race and
gender

(iv) Intermittent or constant diplopia

(3) TED is considered sight-threatening if the patient
has previously experienced DON and/or corneal
breakdown

2.3. LSFG and Clinical Settings. All the patients in our study
underwent LSFG. The instrument was equipped with a fun-
dus camera with a diode laser (wavelength, 830μm) as the
light source and a charge-coupled sensor
(750 pixels wide × 360 pixels high) as the detector. A speckle
pattern is produced by the laser, whose interference is scat-
tered by the movements of erythrocytes; the interference
pattern can be detected by the detector. MBR, acquired at
30 frames/second over a 4 second period, represents the
velocity of optic nerve head (ONH) blood flow (Figure 1).
MBR can be expressed as overall MBR (MBR-overall) or
divided into that of the vessel areas (MBR-vessel) or tissue
areas (MBR-tissue).

In our study, the patients’ heart rate, systolic blood pres-
sure, and diastolic blood pressure were measured after the
patients had rested in a quiet room for 10 minutes before
LSFG. MBR values were measured with the LSFG RetFlow
(NIDEK Co., Ltd. Gamagori, Aichi, Japan). Both eyes of
the patients were measured. An average of three successive
measurements in each eye was required to determine MBR
values.

2.4. Statistical Analyses. Descriptive statistics were used to
evaluate patient demographics and baseline clinical exami-
nation results at the time of presentation. The intraocular
pressure in upward gaze, MBR-overall, MBR-vessel, and
MBR-tissue following normal distributions was analyzed
through one-way analysis of variance (ANOVA). Because
the patients’ BCVA, age, and intraocular pressure in primary
gaze did not follow a normal distribution, the Kruskal–Wal-
lis test was used to evaluate differences among the active
TED severity groups. Independent t tests or Mann–Whitney
U tests were used to evaluate the differences between any
two active TED severity groups. A chi-squared test was used
to evaluate sex differences among TED severity groups. The
significance level was set at p = 0:05. Statistical analyses were
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performed using MedCalc Statistical Software version 20.009
(MedCalc Software Ltd., Ostend, 2021).

3. Results

A total of 54 patients with a diagnosis of TED who under-
went LSFG were included. However, 19 were excluded
because of inactive TED (VISA inflammatory score < 4),
and five were excluded because of incomplete medical
records. Therefore, 30 patients (60 eyes: 11 male and 19
female) were included. The mean age was 49 years (range,
33–74 years).

3.1. Clinical Characteristics in Different TED Severity Groups.
The clinical characteristics and MBRs of the different TED
severity groups are listed in Table 1. Mild, moderate to

severe, and sight-threatening TED accounted for 12 (20%),
31 (52%), and 17 (28%) eyes, respectively. The mean age of
the sight-threatening TED group was 57.3 years, higher than
both the moderate to severe (46.8 years) and the mild (42.6
years) TED groups (p = 0:003). Differences in the prevalence
of smoking among the different groups were not observed
(p > 0:999). Of the patients who received high-dose intrave-
nous steroid treatment, 12 (70.6%) were in the sight-
threatening TED group, 15 (48.4%) in the moderate to
severe TED group, and 3 (25%) were in the mild TED group.
Five patients (29.4%) in the sight-threatening group had a
history of orbital decompression, whereas one patient
(3.2%) in the moderate to severe group had such a history.

Mean systolic blood pressure in the three groups was
98:5 ± 34:6, 140:4 ± 24:4, and 122:3 ± 22:8mmHg in the
mild, moderate to severe, and sight-threatening groups,
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Figure 1: Analysis of pulse waveforms for the optic nerve head (ONH) using laser speckle flowgraphy (LSFG). (a) A representative color-
coded composite map was used to record the mean blur rate (MBR). Red represents high MBR, and blue represents low MBR. (b) MBR was
calculated by placing a rubber band around the ONH. The segmentation of the vessel area (black area) and tissue area (white area) of the
ONH is shown in binary format. (c) A pulse waveform of MBR for one cardiac cycle.
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respectively (p = 0:002); mean diastolic blood pressure was
86:2 ± 20:9, 82:3 ± 15:1, and 74:0 ± 10:5mmHg in the mild,
moderate to severe, and sight-threatening groups, respec-
tively (p = 0:503). MAP was 85:5 ± 10:3, 100:7 ± 15:3, and
90:1 ± 12:3mmHg in the mild, moderate to severe, and
sight-threatening groups, respectively (p = 0:119). MOPP
was 59:8 ± 34:2, 49:9 ± 10:5, and 40:4 ± 8:7mmHg the in
mild, moderate to severe, and sight-threatening groups,
respectively (p = 0:364). The mean heart rate was 68:8 ±
14:6, 69:8 ± 9:2, and 62:5 ± 11:6 beats per minute in the
mild, moderate to severe, and sight-threatening groups,
respectively (p = 0:890). The correlation coefficients between
clinical characteristics and MBRs are listed in Supplemental
Table 1.

3.2. BCVA, Intraocular Pressure, and MBR in the TED
Severity Groups. The mean BCVA was the lowest in the
sight-threatening group (logMAR 0:29 ± 0:33, p = 0:01).
The sight-threatening group had the highest mean intraocu-
lar pressure in both primary (19:5 ± 3:4mmHg, p = 0:03)
and upward gaze (25:7 ± 4:9mmHg, p = 0:03). The MBR-
overall was the highest in the mild TED group (28:5 ± 2:7),
followed by the moderate to severe (23:6 ± 3:2) and sight-
threatening (20:2 ± 4:3) groups (p < 0:001; Figure 2(a)).
The MBR-vessel was 57.1, 47.0, and 39.3 in the mild, moder-
ate to severe, and sight-threatening groups, respectively
(p < 0:001; Figure 2(b)), and the MBR-tissue was 16.9, 14.4,
and 12.0 in the mild, moderate to severe, and sight-

threatening groups, respectively (p < 0:001; Figure 2(c)).
The statistical difference between each two groups is listed
in Supplemental Figure S1. BCVA, intraocular pressure,
and MBR values in the three active TED groups are listed
in Table 1. The correlation coefficients between the ocular
findings and the MBRs are listed in Supplemental Table 1.

4. Discussion

This study reviewed the ONH blood flow in patients with
active TED who underwent LSFG measurements. To the
best of our knowledge, this is the first study to objectively
quantify ONH blood flow using LSFG in TED and statisti-
cally identify ocular blood flow changes in different severities
of active TED. Using ANOVA, we found that MBR-overall,
MBR-vessel, and MBR-tissue were lower in eyes with more
severe active TED. The MBR can quantitatively measure
blood flow velocity of the ONH in LSFG examinations (14,
15). Lower MBRs may indicate slower ONH blood flow
velocities in patients with more severe active TED. Our
results support that patient with more severe TED suffered
from more ischemic status of optic nerve microcirculation.

Changes in orbital blood flow in patients with TED have
been reported in previous studies (9–11, 22–24). Using color
Doppler sonography, Somer et al. (23) reported lower mean
superior ophthalmic vein blood flow velocity in patients with
TED compared with those without TED. Konuk et al. (9)
observed a significantly lower superior ophthalmic vein

Table 1: Clinical characteristics and MBR in active thyroid eye disease group.

Mild
Moderate to

severe
Sight-

threatening
p value

No. of eyes, n (%) 12 31 17

Age, mean (SD) 42.6 (10.0) 46.8 (12.7) 57.3 (11.2) 0.003∗

Gender, male (%) 2 (16.7) 15 (48.4) 4 (23.5) 0.074

Smoking, n (%) 1 (0.1) 3 (0.1) 1 (0.1) >0.999
History of high-dose intravenous steroid treatment, n (%) 3 (25.0) 15 (48.4) 12 (70.6) 0.052

History of orbital decompression, eyes (%) 0 (0) 1 (3.2) 5 (29.4) 0.014∗

Systemic findings

SBP, mmHg, mean (SD) 98.5 (34.6) 140.4 (24.4) 122.3 (22.8) 0.002∗

DBP, mmHg, mean (SD) 86.2 (20.9) 82.3 (15.1) 74.0 (10.5) 0.503

MAP, mmHg, mean (SD) 85.5 (10.3) 100.7 (15.3) 90.1 (12.3) 0.119

MOPP, mmHg, mean (SD) 59.8 (34.2) 49.9 (10.5) 40.4 (8.7) 0.364

HR, bpm, mean (SD) 68.8 (14.6) 69.8 (9.2) 62.5 (11.6) 0.890

Ocular findings

BCVA (logMAR), mean (SD) 0.08 (0.1) 0.08 (0.2) 0.29 (0.3) 0.005∗

IOP (primary gaze), mean (SD), mmHg 15.3 (3.8) 18.8 (4.9) 19.5 (3.4) 0.031∗

IOP (upward gaze), mean (SD), mmHg 19.4 (4.0) 22.7 (5.2) 25.7 (4.9) 0.033∗

MBR, mean (SD)

MBR-overall 28.5 (2.7) 23.6 (3.2) 20.2 (4.3) <0.001†

MBR-vessel 57.1 (8.0) 47.0 (6.9) 39.3 (6.9) <0.001†

MBR-tissue 16.9 (3.1) 14.4 (2.9) 12.0 (2.7) <0.001†

∗p < 0:05, †p < 0:001. BCVA: best-corrected visual acuity; bpm: beats per minutes; DBP: diastolic blood pressure; HR: heart rate; logMAR: logarithm of the
minimum angle of resolution; IOP: intraocular pressure; MAP: mean arterial pressure; MBR: mean blur rate; mmHg: millimeter of mercury; MOPP: mean
ocular perfusion pressure: SBP: systolic blood pressure; SD: standard deviation.
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blood flow velocity in patients with sight-threatening TED
than in those without sight-threatening TED. Lešin et al.
(10) reported a decrease in the flow velocity of the ophthal-
mic artery and central retinal artery in patients with early
sight-threatening TED, which suggested that changes in
the orbital vasculature might be the first sign of sight-
threatening TED. The decrease in MOPP resulted from a
combination of one or more contributing factors, including
the inflammatory process, passive compression by enlarge-
ment of the extraocular muscles, and increased orbital pres-
sure (25). Using LSFG, we found a prominent trend of lower
ocular blood flow velocity at more severity levels of active
TED, supporting the theory of vascular insufficiency during
the progression of active TED.

MAP is defined as the average arterial pressure through-
out one cardiac cycle and can be affected by cardiac output
and systemic vascular resistance (20). MOPP is a calculated
value that is affected by MAP and IOP. A decrease in MOPP

was indicated as a risk factor for the prevalence and progres-
sion of glaucoma because such a change may indicate ONH
blood flow dysregulation in glaucoma patients (26). How-
ever, in patients with active TED, MOPP may be affected
by multiple factors, including orbital inflammation, passive
compression by enlargement of the extraocular muscles,
and increased orbital pressure. MOPP is not an accurate
indicator of ocular microcirculation because it is determined
solely on the basis of blood pressure and intraocular pressure
readings. Nevertheless, using the LSFG examination, we
were able to measure the ocular microcirculation quantita-
tively and objectively, and this may help evaluate patients
with active TED.

In comparison with color Doppler imaging (9, 10, 23),
the advantages of LSFG are the high reproducibility and
objectivity of measurements (27, 28). Furthermore, the pen-
etrating long-wavelength laser used in LSFG may accurately
examine the ONH without effects caused by the

†
p < 0.001
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Figure 2: Mean blur rate (MBR) and different severities of active thyroid eye disease (TED). MBR-overall (a), MBR-vessel (b), and MBR-
tissue (c) were significantly lower with more severe active TED.
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configuration of the disc. Moreover, LSFG may permit the
evaluation of the overall ONH microcirculation rather than
that of a single artery or vein, which may help reduce mea-
surement error. A previous study used optical coherence
tomography angiography to evaluate choroidal thickness,
which can reflect choroidal vasculature changes in active
TED (29). However, adequate visualization of the entire cho-
roid is necessary for accurate measurements (30). Because
LSFG measures perfusion of only the ONH, the visualization
of the choroid is not needed.

In previous studies, age and sex have been considered as
factors affecting LSFG results (31, 32). Iwase et al. (32)
reported that women had a higher MBR-overall than men.
Aizawa et al. (31) found that age was correlated with
MBR-vessel and that sex was correlated with both MBR-
overall and MBR-vessel. They also discovered that MBR-
tissue was independent of both age and sex. In our study,
age and TED severity were significantly correlated because
of the clinical nature of TED (33). The age differences
among groups might partially affect their MBR-overall and
MBR-vessel results. However, the MBR-tissue, which is sta-
tistically independent of age, was also significantly lower
for more severe TED. To further reduce the effects of age
variability on our study, we conducted a small subanalysis
by matching patients by age, with the difference in matched
ages in the subanalysis group being not more or less than 2
years (Supplemental Table 2). In this small subanalysis, the
MBR-overall, MBR-vessel, and MBR-tissue were all
significantly lower in the severe active TED group. This
result demonstrates that the decreases in MBR observed in
our study were mainly the result of the severity of the
disease rather than the effect of the ages of the patients in
each group. Our study did not find a significant correlation
between sex and TED severity.

The limitation of this study includes its retrospective
nature. Moreover, because this study was conducted at a
referral hospital, patients with mild active TED tended to
be followed up at local hospitals, which limited the number
of cases in the mild TED group. Besides, axial length was
not controlled because this was a retrospective study; axial
length is not a routine examination for patients with active
TED. This may lead to bias due to the potential effect of axial
length on MBR. Nevertheless, to the best of our knowledge,
this study was the first to demonstrate the relationship
between ONH blood flow and the severity of active TED
and to use LSFG to evaluate patients with TED. Further lon-
gitudinal studies are required to evaluate ONH blood flow
changes during TED progression.

5. Conclusions

Active TED has variable clinical manifestations. Our study
demonstrates that a decrease in ONH perfusion is correlated
with more severe TED. Moreover, LSFG is an effective, objec-
tive, and noninvasive method for evaluating patients with
TED. We believe that our results may help clinicians to evalu-
ate the severity of active TED more easily and accurately.
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Purpose. To demonstrate the changes in the retinal nerve fiber layer (RNFL) after orbital decompression for thyroid eye disease
(TED). Methods. We retrospectively enrolled 52 surgical TED patients, 30 nonsurgical TED patients, and 30 control subjects.
Five surgical TED eyes with disc edema were excluded. The surgical TED patients were classified into the “dysthyroid optic
neuropathy (DON)” group (16 eyes) and the “non-DON” group (83 eyes). Optical coherence tomography (OCT) and visual
field (VF) examinations were performed preoperatively and 6 months later. The control subjects and nonsurgical TED patients
received two OCT examinations at 6-month intervals. The postoperative changes in the RNFL thickness were compared
between groups. Three cases with severe postoperative vision loss were presented additionally. Results. The changes in the RNFL
thickness of the controls (0:5 ± 3:4μm) and the nonsurgical TED patients (0:3 ± 2:8μm) were significantly smaller than the
surgical TED patients (P < 0:001). The DON group (−9:2 ± 9:2μm) had greater RNFL thickness reduction than the non-DON
group (−3:9 ± 5:4 μm) (P = 0:002). Bone removal decompression was associated with decreased RNFL in the non-DON (P = 0:025;
β = −2:49) and DON (P = 0:042; β = −9:43) groups. Three cases who were hard to operate due to extensive fibrosis experienced
severe vision loss postoperatively due to anterior ischemic optic neuropathy, posterior ischemic optic neuropathy, and posterior
ciliary artery occlusion, respectively. Conclusions. TED patients experienced subclinical optic nerve injury and significant RNFL
loss after the orbital decompression surgery. Aggressive manipulation during decompression surgery may lead to dreadful vision
loss. Tailored surgical plans and delicate manipulation are warranted.

1. Introduction

Orbital decompression is a well-recognized and effective sur-
gical procedure for thyroid eye disease (TED) [1–3]. It can
be performed in inactive TED for disfiguring exophthalmos
or in the active phase for dysthyroid optic neuropathy
(DON) refractory to medical treatment [2–5]. Different sur-
gical approaches are tailored to the individual patient based
on the extent of proptosis, preoperative diplopia, and the
presence of DON [3, 4].

Vision loss is a very rare but devastating complication
after orbital surgery [6–11]. The prevalence of vision loss

after TED decompression surgery ranges from 0.09 to
0.52% [8, 11, 12]. The mechanical injury to the optic nerve
or ischemia caused by compression from swelling tissue
and hematoma, hypotension during general anesthesia,
vasospasm, and arterial occlusion leads to vision loss [11].
In the present study, we reported the clinical manifestations,
possible etiologies, and treatment of patients with severe
vision loss after orbital decompression surgeries.

The thickness of the retinal nerve fiber layer (RNFL)
decreased after orbital decompression surgery in eyes with
TED and DON. This could be attributed to the mixture of
resolved disc swelling and chronic optic nerve atrophy [13,
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14]. However, no study had investigated the RNFL changes
in TED eyes without DON. We postulated that orbital
decompression surgery per se might cause minor and sub-
clinical injury to the optic nerve. Therefore, we evaluated
the changes in parameters of optical coherence tomography
(OCT) and visual field (VF) tests in TED patients with and
without DON after orbital decompression surgery.

2. Methods

We retrospectively enrolled patients with TED receiving
orbital decompression surgery (the surgical TED group)
between December 2017 and November 2020 in National
Taiwan University Hospital. The diagnosis of TED was
based on the consensus of the European Group on Graves’
Orbitopathy (EUGOGO) [15]. All patients underwent
comprehensive examinations, including the slit-lamp biomi-
croscopy, the measurement of best-corrected visual acuity
(BCVA) and intraocular pressure (CT-80 Non-Contact
Computerized Tonometer; Topcon Corp, Tokyo, Japan),
Hertel exophthalmometry, color fundus photography, and
orbital computerized tomography (CT). Patients with optic
neuropathy other than DON, retinal diseases, history of
intraocular surgery other than cataract surgery, or ocular
trauma were excluded. Patients with disc swelling on
indirect ophthalmoscope or color fundus photography were
excluded. The diagnosis of DON was made if the patient had
decreased visual acuity (logarithm of the minimal angle of
resolution ½LogMAR� visual acuity > 0:2) due to optic neu-
ropathy and the following presentations: impaired color
vision, and/or relative afferent pupillary defect (RAPD),
and/or prolonged latency and reduced amplitude of visual
evoked potentials test, and/or VF defect, and apical crowd-
ing on orbital imaging [16, 17]. The treatment algorithms
for the TED were described in our previous publication
[4]. The most common surgical indication in the non-DON
group is to correct the disfiguring exophthalmos. The surgery
would be arranged when the patient had stable thyroid func-
tion and inactive TED (clinical activity score ½CAS� < 3) for
3-6 months. A seven-item CAS was used, including spontane-
ous retrobulbar pain, pain on upward or downward gaze, red-
ness of eyelids, redness of conjunctiva, swelling of caruncle or
plica, swelling of eyelids, and chemosis. Patients presented
with active TED were treated with systemic steroids or other
immunosuppressants before the surgery. If the patient had
vision-threatening conditions, such as optic neuropathy and
exposure keratopathy, the surgery would be arranged after
the active inflammation was at least partially controlled by sys-
temic treatments.

Medical charts were retrospectively reviewed, and the
relevant data at preoperative evaluation and postoperative
6 months were recorded. TED patients who did not receive
orbital decompression (the nonsurgical TED group) and
control subjects without optic neuropathy and retinal dis-
eases were enrolled as controls, respectively. Institutional
Review Board/Ethics Committee approval was obtained,
and the research adhered to the tenets of the Declaration
of Helsinki. The informed consent was waived.

2.1. Spectral-Domain OCT. Optic nerve head scanning was
performed using spectral-domain OCT (Cirrus HD-OCT
4000, Carl Zeiss Meditec Inc., Dublin, CA, USA). The aver-
age RNFL thickness, RNFL thickness at each quadrant, rim
area, disc area, cup-to-disc ratio, and cup volume were
recorded. Images with signal strength < 7 or motion artifact
were excluded. Only patients with OCT taken preoperatively
and at postoperative 6 months would be included for
analysis. The average RNFL thickness of nonsurgical TED
patients and control subjects with two available OCT scans
at a 6-month-interval were recorded.

2.2. VF Test. The VF test (Humphrey visual field analyser,
Carl Zeiss Meditec, Dublin, CA, USA) was performed using
the 24–2 SITA-fast program. Reliable visual field test result
was defined as false positive < 33%, false negative < 33%,
and fixation loss < 20%. Mean deviation (MD), pattern
standard deviation (PSD), and visual field index (VFI)
were recorded.

2.3. Statistical Analysis. All statistical analyses were per-
formed using R (version 4.0.3; R Foundation for statistical
computing, Vienna, Austria). The age and sex between
TED patients and controls were compared using the analysis
of variance and chi-squared test, respectively. The general-
ized linear model and generalized estimating equations
(GEE) were used to compare the clinical features between
TED patients and to compare the clinical features before
and after the orbital decompression surgery. To analyze the
factors associated with the RNFL changes after the orbital
decompression surgery, univariable linear regression with
GEE model was performed. Variables with P value <0.1 were
included in the multivariable model. P value <0.05 was con-
sidered statistically significant.

3. Results

We enrolled 52 patients (104 eyes) in the surgical TED
group, 30 patients (60 eyes) in the nonsurgical TED group,
and 30 control subjects (60 eyes). Five TED eyes in the sur-
gical group had disc swelling noted on fundus examination
and were excluded due to possible interference on OCT
interpretation. In the surgical TED group, 16 eyes from 11
patients had DON (the DON group), while 83 eyes from
45 patients were classified into the non-DON group.
Table 1 shows the baseline clinical features of TED patients
and control subjects. There was no difference in sex and
age between TED patients and control subjects. To compare
the nonsurgical and surgical TED group, the surgical group
had more significant proptosis (P < 0:001), higher intraocu-
lar pressure (P < 0:001), worse MD (P < 0:001), and higher
CAS (P < 0:001). In the surgical TED group, the DON group
was older (P = 0:012) and had male predominance (82%)
(P = 0:020). DON patients tended to receive bone removal
orbital decompression (BROD) (P = 0:010) and had worse
visual acuity (P = 0:005) and MD (P < 0:001). Twenty-five
(55.6%) non-DON patients and 6 DON (54.5%) patients
received systemic steroid treatment before the surgery,
respectively (P = 0:999). The number of patients with
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abnormal thyroid function tests was not significantly differ-
ent between the non-DON and DON groups (P = 0:999).

Table 2 demonstrates the comparison of clinical features
before and after orbital decompression surgery. After the
surgery, proptosis and intraocular pressure decreased signif-
icantly in both groups. Both the non-DON (P < 0:001) and
the DON (P = 0:003) group had a significant reduction of
average RNFL thickness. The average cup-to-disc ratio and
cup volume increased in both groups. The parameters of
the VF test did not change in the non-DON group, while
the MD and PSD improved in the DON group. Figure 1
shows the changes in average RNFL thickness of the surgical
and nonsurgical TED patients and the control subjects. The
baseline RNFL thickness was not different between the DON
and non-DON groups (P = 0:200). The changes in RNFL
thickness of the control subjects (0:5 ± 3:4 μm) and the
nonsurgical TED patients (0:3 ± 2:8 μm) were significantly
smaller than the surgical TED patients (P < 0:001 in
both DON and non-DON groups). The DON group
(−9:2 ± 9:2 μm) had greater RNFL thickness reduction
than the non-DON group (−3:9 ± 5:4 μm) (P = 0:002).

Table 3 reveals factors associated with the change in
RNFL after orbital decompression surgery in the univariable
model. In the non-DON group, the multivariable linear
regression showed that BROD (P = 0:025; β = −2:49),
baseline MD (P < 0:001; β = 0:64), and age (P = 0:040;
β = −0:12) were associated with the change in average RNFL
thickness after surgery. In the DON group, the multivariable
linear regression showed that BROD (P = 0:042; β = −9:43)
and the baseline RNFL thickness of nasal quadrant of RNFL
(P = 0:002; β = −0:54) were associated with the change in
average RNFL thickness after surgery. Receiving BROD was
associated with decreased RNFL in both groups.

Despite extremely low prevalence, severe vision loss
could occur after orbital decompression surgery for TED.
We identified three patients and described the detailed clin-
ical information in the following sections. Their data was not
included in the analysis mentioned above.

3.1. Case 1. A male patient in his 20s had proptosis with
22mm for the right eye and 21mm for the left eye measured
by Hertel exophthalmometry. There was no evidence of
DON, and his BCVA was 20/20 in both eyes. Subconjuncti-
val FROD was performed, and 5.6ml and 5.1ml of orbital fat
were removed from his right and left eye, respectively. How-
ever, he complained VF defect in the right eye two days after
the surgery. Although his BCVA was unchanged, he had a
dilated pupil, a positive RAPD sign, and impaired color
vision. Indirect ophthalmoscopy showed a pinkish disc with
a clear margin. OCT scan showed normal and symmetric
RNFL (Figure 2(a)). However, the VF test revealed severe
upper defect (MD, -27.17 dB) (Figure 2(b)). Magnetic reso-
nance imaging (MRI) scan showed no intraorbital hema-
toma or enhancement along the optic nerve. The tentative
diagnosis was posterior ischemic optic neuropathy (PION).
Intravenous steroid pulse therapy was given for three days
(250mg four times per day). However, the OCT scan
showed inferior RNFL loss (Figure 2(c)), the right optic disc
became pallor (Figure 2(d)), and his BCVA declined to
20/25 three months later.

3.2. Case 2. A female patient in her 40s had proptosis with
20mm for the right eye and 22mm for the left eye. There
was no evidence of DON, and her BCVA was 20/30 in both
eyes. Subconjunctival FROD was performed, and 4.2ml and
5.5ml of orbital fat were removed from her right and left

Table 1: Baseline demographics and clinical features of patients with thyroid eye disease and controls.

Between-group comparison Subgroup analysis: Surgical TEDa

Control Nonsurgical TED Surgical TED P value Non-DON DON P value

Patients (n) 30 30 52 45 11

Eyes (n) 60 60 99 83 16

Age (years) 51:7 ± 5:8 56:7 ± 10:2 53:8 ± 10:6 0.057 52:6 ± 10:6 60:1 ± 8:5 0.012

Sex (male) 13 (43.3) 9 (30) 23 (43.4) 0.439 17 (37.8) 9 (81.8) 0.020

Hertel exophthalmolmetry (mm) 18:2 ± 3:4 22:1 ± 2:3 <0.001 22:0 ± 2:2 22:5 ± 3:0 0.560

BROD (%) NA 49 (49.5) 36 (43.4) 13 (81.3) 0.010

FROD (%) NA 50 (50.5) 47 (56.6) 3 (18.7) 0.010

Intraocular pressure (mmHg) 16:3 ± 2:5 22:3 ± 5:4 <0.001 21:8 ± 5:2 24:6 ± 6:0 0.130

LogMAR visual acuity 0:05 ± 0:12 0:10 ± 0:23 0.074 0:06 ± 0:11 0:38 ± 0:44 0.005

EOM limitation (%) 33 (55) 66 (66.7) 0.220 52 (62.7) 14 (87.5) 0.100

EOM enlargement (%) 47 (78.3) 77 (77.8) 0.987 61 (73.5) 16 (100) 0.040

Mean deviation (dB) −1:24 ± 1:44 −3:74 ± 4:55 <0.001 −2:74 ± 3:63 −8:95 ± 5:37 <0.001
Abnormal thyroid function (%) 8 (26.7) 20 (37.7) 0.400 16 (35.6) 4 (36.4) 0.999

Preoperative clinical activity score 1 (0-2) 1 (0-7) <0.001 1 (0-7) 2 (0-4) 0.310
aFour patients had one eye in the non-DON group and the other eye in the DON group. BROD: bone removal orbital decompression; DON: dysthyroid optic
neuropathy; EOM: extraocular muscle; FROD: fat-removal orbital decompression; LogMAR: logarithm of the minimum angle of resolution; NA: not
applicable; TED: thyroid eye disease; mean ± standard deviation; median: range; number: percent. Significant P values are shown in bold.
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eye, respectively. However, prominent hemorrhagic chemo-
sis, extraocular muscle movement limitation in horizontal
gaze, positive RAPD sign, and decreased vision to finger
counting in the left eye were noted on postoperative day 1.
Indirect ophthalmoscopy showed marked disc swelling

(Figure 3(a)). Fluorescein angiography demonstrated disc
leakage (Figure 3(b)). Orbital CT scan revealed some hema-
toma in the left orbit without optic nerve compression. The
tentative diagnosis was anterior ischemic optic neuropathy
(AION). Emergent hematoma evacuation was performed

Table 2: Clinical characteristics before and after orbital decompression surgery.

Non-DON (83 eyes) DON (16 eyes)
Preoperative Postoperative P value Preoperative Postoperative P value

Average RNFL (μm) 95:1 ± 11:4 91:1 ± 12:2 <0.001 90:8 ± 11:5 81:6 ± 11:1 0.003

Rim area (mm2) 1:20 ± 0:28 1:18 ± 0:32 0.170 1:16 ± 0:25 0:99 ± 0:20 <0.001
Average cup-to-disc ratio 0:56 ± 0:15 0:60 ± 0:15 0.002 0:53 ± 0:19 0:62 ± 0:12 0.008

Vertical cup-to disc ratio 0:52 ± 0:16 0:56 ± 0:16 0.002 0:48 ± 0:20 0:57 ± 0:16 0.110

Cup volume (mm3) 0:246 ± 0:227 0:280 ± 0:243 <0.001 0:215 ± 0:209 0:268 ± 0:225 <0.001
RNFL of superior quadrant (μm) 115:0 ± 19:4 109:0 ± 22:1 <0.001 110:1 ± 22:4 97:4 ± 19:5 0.001

RNFL of temporal quadrant (μm) 80:6 ± 15:5 78:7 ± 16:1 0.170 74:4 ± 13:0 65:8 ± 14:7 0.018

RNFL of inferior quadrant (μm) 117:0 ± 22:1 110:0 ± 22:1 <0.001 108:8 ± 19:7 100:4 ± 20:4 0.003

RNFL of nasal quadrant (μm) 67:5 ± 12:2 66:0 ± 12:5 0.009 70:2 ± 11:7 66:7 ± 8:6 0.100

Mean deviation (dB) −2:74 ± 3:63 −2:38 ± 3:82 0.160 −8:95 ± 5:37 −5:25 ± 4:46 0.047

Pattern standard deviation (dB) 2:56 ± 2:32 2:42 ± 2:37 0.510 5:42 ± 3:37 2:97 ± 2:19 0.016

Visual field index (%) 95:3 ± 8:2 95:1 ± 9:7 0.800 80:6 ± 13:7 90:8 ± 13:8 0.058

Hertel exophthalmometry (mm) 22:0 ± 2:2 17:4 ± 1:7 <0.001 22:5 ± 3:0 17:7 ± 2:5 <0.001
LogMAR visual acuity 0:06 ± 0:11 0:07 ± 0:15 0.450 0:38 ± 0:44 0:26 ± 0:42 0.053

Intraocular pressure (mmHg) 21:8 ± 5:2 17:1 ± 3:0 <0.001 24:6 ± 6:0 16:7 ± 4:0 <0.001
DON: dysthyroid optic neuropathy; EOM: extraocular muscle; LogMAR: logarithm of the minimum angle of resolution; TED: thyroid eye disease. Significant
P values are shown in bold.

Group RNFL RNFL P-value RNFL difference

Control (60) 95.0 ± 7.0 95.6 ± 7.1 0.750 0.5 ± 3.4

Non-surgical TED (60) 92.4 ± 7.9 92.7 ± 8.1 0.890 0.3 ± 2.8

Surgical TED (Non-DON) (83) 95.1 ± 11.4 91.1 ± 12.2 <0.001 –3.9 ± 5.4

Surgical TED (DON) (16) 90.8 ± 11.5 81.6 ± 11.1 0.003 –9.2 ± 9.2
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Figure 1: The changes in the thickness of the retinal nerve fiber layer (RNFL) of patients with thyroid eye disease (TED) and healthy
controls. There is no significant difference in RNFL thickness between the four groups at baseline. Surgical TED patients have a
significant RNFL loss after the orbital decompression surgery, while the control subjects and nonsurgical TED patients do not have
RNFL changes between two examinations of the optical coherence tomography.
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due to rapid worsening of visual acuity to hand motion.
Intravenous steroid pulse therapy (250mg four times per
day) was given for three days. Unfortunately, the visual
improvement was limited, and her BCVA was only finger
counting at 10 cm 6 months later. The disc became pallor,
and the OCT scan showed diffuse RNFL loss. The visual field
defect was significant (Figures 3(c)–3(e)).

3.3. Case 3. A female patient in her 50s had proptosis with
21.5mm for both eyes. There was no evidence of DON,
and her BCVA was 20/20 in both eyes. Subconjunctival
FROD was performed, and 5ml and 4.8ml of orbital fat
were removed from her right and left eye, respectively. How-
ever, on postoperative day 1, she reported decreased visual
acuity (20/30) and VF defect. On examinations, there were
a mild RAPD sign, decreased color vision, and inferior optic
disc swelling in the left eye (Figure 4(a)). The VF test showed
superior defect, and the MD was -25.06 dB (Figure 4(b)).
Emergent orbital CT scan and MRI showed no intraorbital
hematoma, optic nerve avulsion, or definite optic neuropa-
thy. Two days after the operation, the vision suddenly
decreased to hand motion at 50 cm. Indirect ophthalmos-
copy showed marked optic disc swelling. Color fundus pho-
tography showed triangular, well-defined, patchy infarcts
lying deep to the retina. Fluorescence angiography revealed
delayed choroidal perfusion and late staining of the patchy
lesions in the left eye (Figures 4(c)–4(e)). The tentative diag-
nosis was posterior ciliary artery occlusion. Intravenous
pulse steroid therapy (250mg four times per day), subcuta-
neous enoxaparin (30mg twice per day), and oral ginkgo-
centrate and mecobalamin were given for five days. Despite

the prompt management, the left eye had no light perception
three days later.

4. Discussion

Orbital decompression surgery had a close approximation to
numerous neurovascular structures. Damage to those struc-
tures could lead to devastating complications. We found that
RNFL thickness decreased significantly in TED patients after
orbital decompression surgery. In contrast, TED patients
who did not receive orbital decompression had no decline
in RNFL thickness. Patients with DON had a more dramatic
decrease in RNFL thickness, which may be associated with
the additional effect of resolving disc edema or chronic optic
nerve atrophy. Moreover, patients who received BROD were
more susceptible to RNFL loss than those receiving FROD.
However, the RNFL change after orbital decompression sur-
gery did not cause functional deterioration. Despite the
extremely low prevalence of postoperative vision loss, we
identified three patients who suffered from significant vision
loss after orbital decompression surgery due to AION,
PION, and posterior ciliary artery occlusion, respectively.

In the present study, we would like to know whether the
orbital decompression surgery may damage the optic nerve.
The RNFL thickness varies significantly between TED
patients with different severities [18]. Patients with mild
TED had comparable RNFL thickness to controls, while
those with moderate-to-severe TED have lower value of
RNFL thickness due to subclinical optic nerve damage
[18]. Orbital tissue swelling and elevated intraorbital pres-
sure may lead to hypoxia and ischemia of the optic nerve

Table 3: The univariable analysis of factors associated with RNFL deterioration after decompression.

Non-DON DON
β-Coefficients (95% CI) P value β-Coefficients (95% CI) P value

Age (years) -0.15 (-0.29–-0.01) 0.035 -0.04 (-0.57–0.50) 0.898

Male sex -1.68 (-4.75–1.40) 0.285 6.57 (0.71–12.40) 0.028

Intraocular pressure (mmHg) 0.04 (-0.13–0.20) 0.646 0.22 (-0.54–0.98) 0.563

LogMAR visual acuity -13.0 (-23.00–-3.04) 0.011 -3.22 (-11.60–5.13) 0.450

Mean deviation (dB) 0.58 (0.29–0.87) <0.001 -0.01 (-0.72–0.71) 0.989

Average RNFL (μm) -0.09 (-0.24–0.06) 0.222 -0.58 (-0.87–-0.29) <0.001
RNFL of superior quadrant (μm) -0.02 (-0.09–0.05) 0.506 -0.17 (-0.31–0.03) 0.014

RNFL of temporal quadrant (μm) -0.05 (-0.12–0.02) 0.168 -0.27 (-0.67–0.13) 0.186

RNFL of inferior quadrant (μm) -0.03 (-0.11–0.05) 0.474 -0.18 (-0.38–0.03) 0.089

RNFL of nasal quadrant (μm) -0.07 (-0.16–0.03) 0.167 -0.51 (-0.77–-0.25) <0.001
Hertel exophthalmometry (mm) 0.05 (-0.48–0.59) 0.855 4.82 (2.28–7.36) <0.001
BROD -2.48 (-4.79–-0.18) 0.035 -7.95 (-15.40–-0.54) 0.036

Diplopia 1.36 (-1.41–4.13) 0.336 4.90 (-5.30–15.10) 0.347

EOM enlargement -0.93 (-3.36–1.50) 0.453 Not available∗ Not available∗

Clinical activity score 0.20 (-0.78–1.17) 0.690 4.35 (2.85–5.85) <0.001
Systemic steroid treatment -2.12 (-4.78–0.53) 0.117 10.3 (3.61–17.00) <0.001
BROD: bone removal orbital decompression; DON: dysthyroid optic neuropathy; LogMAR: logarithm of the minimum angle of resolution. The value of
change in RNFL equals the postoperative average RNFL thickness minus the preoperative average RNFL thickness. ∗The results are not available since all
patients in the DON group had EOM enlargement. Significant P values are shown in bold.
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head. This was supported by the fact that peripapillary vessel
density was lower in eyes with active TED [19, 20]. Patients
with acute DON had increased RNFL thickness due to dis-
rupted axoplasmic flow and optic disc swelling [20], while
patients with chronic DON had thinner RNFL due to optic
nerve atrophy [21]. Therefore, we classified TED patients into
the DON and the non-DON groups to clarify the changes of
RNFL thickness after orbital decompression surgery.

We found that the baseline RNFL thickness in both
DON and non-DON groups was comparable to the control
subjects. The RNFL thickness in the DON group may reflect
the mixed effects of disc swelling and optic nerve damage,
while there was no evidence of structural change in the
non-DON group. In order to eliminate the possible test-
retest variability of OCT scans, we compared the RNFL
changes of the TED eyes to the two measurements of control
subjects separated by six months. After the surgery, TED
eyes had a significant RNFL deterioration compared to the
controls. The DON and non-DON groups had a 9 and
4μm RNFL decrease, respectively. A decrease of RNFL
thickness by 4μm measured with Cirrus OCT should be
considered a true deterioration [22, 23]. In order to clarify
the possibility of RNFL deterioration due to the disease

nature of TED, we compared the surgical TED patients to
the TED patients who did not receive orbital decompression.
The nonsurgical TED patients did not show significant
RNFL deterioration during the follow-up. Since the nonsur-
gical TED patients did not need surgical intervention, it was
reasonable that they had less significant proptosis, lower
intraocular pressure, and CAS than the patients in the surgi-
cal TED group. However, the proptosis was corrected, and
intraocular pressure decreased immediately after the orbital
decompression. Therefore, the postoperative RNFL loss in
the surgical TED group may be mainly attributed to the sur-
gical traction to the optic nerve and its supplying blood ves-
sels and the compression from postoperative tissue swelling.
The resolving disc edema and chronic optic nerve atrophy
may explain that the DON group had more RNFL loss [13,
14]. However, the role of resolving disc edema is less critical
in our cohort since we excluded cases with disc swelling. The
vulnerable optic nerve in the DON group may be more sus-
ceptible to the RNFL loss related to decompression surgery.
Moreover, we found that BROD was associated with a more
significant decrease in RNFL thickness than the FROD in
both DON and non-DON groups. BROD had a higher com-
plication rate due to the alteration of normal orbit anatomy
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Figure 2: Clinical presentations of a patient with thyroid eye disease experience severe vision loss after the decompression surgery (case 1).
The patient reports visual field defect after an uneventful fat-removal orbital decompression. (a) Initially, the optical coherence tomography
scan shows intact retinal nerve fiber layer (RNFL), and the average thickness is 96μm. (b) However, the visual field test shows upper visual
field defect with the mean deviation -27.17 dB. (c) Diffuse loss of inferior RNFL is noted, and the average thickness is 61 μm three months
after the surgery. (d) Color fundus photography reveals that the optic disc becomes pallor. The clinical presentations are compatible with
posterior ischemic optic neuropathy.
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[1, 24]. In the non-DON group, older patients and those
with preoperative VF defects had a smaller neuronal reserve
and were more vulnerable to the damage associated with
decompression surgery. Worth to be mentioned, the sys-
temic steroid treatment before the orbital decompression
was associated with less RNFL deterioration in the DON
group. It might be possible that those who did not take ste-
roids still had subclinical optic nerve swelling. Therefore,
they exhibited more significant RNFL reduction after the
operation due to the mixed effect of the resolution of edema
and true RNFL loss. However, this association became non-
significant in the multivariable regression analysis.

Vision loss had been reported as a rare complication
after various orbital surgeries, including tumor excision,
posttraumatic reconstruction, and decompression for TED
[9, 11]. Among these orbital surgeries, orbital decompres-
sion for TED had the lowest risk of vision loss [9, 11]. One
patient receiving endoscopic BROD had vision loss caused
by ischemic optic neuropathy one week later [7]. Other stud-
ies regarding the outcomes of orbital decompression surgery
also reported very few cases with postoperative vision loss [8,
12, 25]. The possible etiologies of vision loss included surgi-
cal manipulation, thermal and electrical injury, compression
from bony fragments, vasospasm due to inflammation, and
elevated intraorbital pressure due to tissue swelling, retro-

bulbar hemorrhage, and tight pressure patching [10, 11].
Ischemic events included AION, PION, posterior ciliary
artery occlusion, central retinal artery occlusion, or ophthal-
mic artery occlusion could occur [10, 11].

In the present study, three cases with severe vision loss
after FROD had different underlying etiologies. The first
patient had an episode of PION. Hypotension during gen-
eral anesthesia [26] was not noted. The surgical traction
may damage the pial plexus directly or cause vasospasm
and compromise the blood supply of the intraorbital optic
nerve [11]. Marked tissue swelling may also increase intraor-
bital pressure and reduce blood perfusion. Since we removed
the inferior orbital fat and possibly damaged the inferior
portion of optic nerve, the patient had a corresponding
superior VF defect. The optic disc appeared normal at the
acute phase but became pallor 4-6 weeks later [26]. The sec-
ond patient had AION. Although peribulbar hematoma was
identified on imaging, there was no evidence of direct com-
pression on the optic nerve. The increased intraorbital pres-
sure and the postoperative inflammation may contribute to
the optic nerve head ischemia. Emergent surgical evacuation
of hematoma had a limited effect on the visual prognosis of
this case. The third patient had marked and progressive disc
swelling. Moreover, delayed choroidal perfusion and ische-
mia of the outer retina were noted on fluorescein

(a) (b) (c)
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Figure 3: Clinical presentations of a patient with thyroid eye disease experience severe vision loss after the decompression surgery (case 2).
The patient reports decreased vision to number of digits after an uneventful fat-removal orbital decompression. (a) Color fundus
photography shows significant disc edema. The image is blurry due to corneal edema. (b) Fluorescein angiography shows disc leakage.
The clinical presentations are compatible with anterior ischemic optic neuropathy. (c) Despite the prompt treatment, the optic disc
becomes pallor. (d) The optical coherence tomography scan shows diffuse retinal nerve fiber layer loss, and the average thickness was
54μm. (e) The mean deviation of visual field test is -33.34 dB.
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angiography. Infarction of the short posterior ciliary artery
led to ischemia of the optic nerve head, choroid, and outer
retina [27]. Acute choroidal ischemic lesions are localized
and discrete whitish patches and distribute along the terri-
tory of the occluded branch of short posterior ciliary artery.
Later, they evolve into depigmented lesions [27]. This
patient ended up with no light perception due to extensive
ischemia. Intravenous steroid pulse therapy had been given
in these cases but did not enhance the visual improvement.
Subcutaneous enoxaparin injection had been advocated in
cases with posterior ciliary artery occlusion due to filler
injection [28]; however, the effect was also insubstantial in
our patient. All these three patients were relatively hard to
operate due to extensive fibrosis and adhesion. Aggressive
surgical manipulations may predispose to these complica-
tions. Therefore, a more conservative surgical plan should
be adopted in cases with limited surgical fields to avoid
dreadful vision loss.

This study had several limitations. Since we aimed to
eliminate the effect of resolving disc edema on postoperative
RNFL change, we excluded patients with disc edema. There-
fore, the number of DON patients was small, and the data
may be less representative for this population. Patients
who had ocular hypertension tended to have OCT scans

more frequently and were more likely to be included. How-
ever, we excluded patients with glaucomatous optic neurop-
athy, and the intraocular pressure decreased significantly
after orbital decompression. Therefore, the intraocular pres-
sure was unlikely to cause the RNFL loss. Additionally, we
only observed the RNFL changes 6 months after the surgery.
Longer follow-up was necessary to decide whether this
RNFL deterioration was an isolated event related to orbital
decompression surgery or was progressive due to the
chronic optic nerve atrophy. Lastly, different types of orbital
decompression, such as medial or lateral wall decompression
or other orbital surgeries, including orbital fracture repair and
orbital tumor excision, may have different effects on the
RNFL. More comprehensive analysis is needed to clarify the
impact on RNFL caused by a specific type of orbital surgery.

In conclusion, we found that TED patients had a signif-
icant RNFL decrease after the orbital decompression sur-
gery, especially those with DON. BROD was associated
with a greater RNFL decrease than FROD. Additionally, we
reported three cases with severe vision loss after FROD for
TED, presented as AION, PION, and posterior ciliary artery
occlusion, respectively. Aggressive surgical manipulation
due to extensive adhesion and fibrosis may lead to the
complications. Therefore, staying mindful of potential

(a) (b)

(c) (d) (e)

Figure 4: Clinical presentations of a patient with thyroid eye disease experience severe vision loss after the decompression surgery (case 3).
The third patient reports progressive loss of vision after an uneventful fat-removal orbital decompression. (a) Initially, color fundus
photography showed disc edema. (b) Visual field test shows a superior defect, and the mean deviation is -25.06 dB. Two days later, the vision
decreases to the hand motion level. (c) Color fundus photography shows the progression of disc edema. There are also a cotton-wool spot
and disc hemorrhage. (d) There are also some triangular, well-defined, patchy choroidal ischemic lesions (arrow). (e) Fluorescein
angiography reveals marked delayed choroidal perfusion and late staining of the patchy lesions. The clinical presentations are compatible
with posterior ciliary artery occlusion.
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complications and optic nerve damage is imperative. Tai-
lored surgical plan, delicate intraoperative manipulation,
and appropriate postoperative follow-up are warranted in
TED patients receiving orbital decompression surgery.

Data Availability
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