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Abstract
Objectives To evaluate the changes of retinal nerve fibre layer (RNFL) and ganglion cell layer/inner plexiform layer (GCL/
IPL) with the severity of thyroid eye disease (TED).
Methods One hundred and forty-five eyes of 75 patients with TED and 70 eyes of 35 healthy controls were included. The eyes
with TED were divided into mild group (35 eyes), moderate-to-severe group (42 eyes) and DON group (68 eyes). The thickness
of RNFL and GCL/IPL were measured by optic coherence tomography (OCT). Clinical activity score (CAS), best corrected
visual acuity (BCVA), intraocular pressure (IOP), proptosis and mean deviation (MD) by Humphrey perimetry were assessed.
Results The CAS had significant difference between the three groups (p < 0.001). The proptosis and IOP were significantly
higher in DON group and moderate-to-severe group than mild group (p < 0.05). The MD and BCVA were significantly
worse in DON group compared with mild group and moderate-to-severe group (p < 0.001). The mean GCL/IPL thickness
was thinnest in DON group (p < 0.001). The mean RNFL thickness had significant difference between moderate-to-severe
group and DON group (p= 0.036). The mean GCL/IPL thickness had a significant correlation with MD (r= 0.449,
p < 0.001) and VA (r=−0.388, p < 0.001), whereas the mean RNFL thickness had no significant correlation with MD
(p= 0.082) or VA (p= 0.226).
Conclusions Subclinical optic neuropathy might progress in the patients with moderate-to-severe TED. OCT measurements
of GCL/IPL and RNFL are useful to detect the early changes of optic nerve. The thinning of GCL/IPL might be a strong
suggestion for closer vision follow-up and earlier decompression surgery.

Introduction

Thyroid eye disease (TED) is the most common orbital
disease, affecting 25–50% of patients with Grave’s disease
[1]. The natural history of TED is characterised by an active
phase and followed by an inactive phase. TED demonstrates
a variable clinical presentation. While the majority of
patients exhibit mild-to-moderate symptoms, about 3–7%

develop vision threatening complications such as dysthyr-
oid optic neuropathy (DON) [2].

TED is characterised by an enlargement of orbital soft
tissue including extraocular muscles and orbital fat, which
could lead to orbital apex compression, ischemia and optic
nerve damage [2]. DON was always evaluated clinically in
terms of visual acuity, colour vision, pupillary reaction and
visual field (VF).

Recent years, optic coherence tomography (OCT) has
emerged as a more reliable and reproducible tool for
assessing the anatomy of the optic nerve. Retinal nerve fibre
layer (RNFL) thickness had been proved to decrease in
TED patients who had no clinical sign of DON, which
indicated structural damage might occur earlier than func-
tional impairment [3, 4]. However, the changes of RNFL
thickness were not entirely consistent in previous studies
because optic disc could appear as swelling, pallor or nor-
mal in different stages and severities of TED [5, 6]. Retinal
ganglion cells (RGCs) measurement has shown to be a
useful marker in the diagnosis and monitoring of multiple
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optic neuropathies, and it is thought to be more sensitive
than RNFL [7]. The thickness of macular retinal layer had
shown to be thinner in TED patients, which might be caused
by the thinning of RGCs [5, 8]. However, the changes of
RGCs thickness in different stages and severities were
rarely studied.

In this study, we evaluated the thickness of ganglion cell
layer/inner plexiform layer (GCL/IPL) and RNFL in TED
patients and healthy controls, and analysed the changes in
different disease severities.

Patients and methods

Seventy-five TED patients and 35 healthy controls were
recruited in Eye & ENT Hospital, Fudan University from
January 2018 to July 2019. All the eyes diagnosed with TED
were divided into three groups based on their severity: (1)
mild group, (2) moderate-to-severe group, (3) DON
group. Mild and moderate-to-severe group were defined using
the European Group on Graves’ Orbitopathy (EUGOGO)
criteria [9]. DON was diagnosed based on the followings:
decreased visual acuity, relative afferent pupillary defect,
abnormal colour vision (Ishihara plates), compatible VF
defect, disc swelling or atrophy as well as orbital apex
crowding.

The inclusion criteria for healthy controls included: best
corrected visual acuity (BCVA) better than 20/30, no oph-
thalmopathy except mild cataract, intraocular pressure
(IOP) < 21 mmHg.

The common exclusion criteria included: age younger
than 18 years, the history of ocular surgery or ocular
trauma, evident refractive error (spherical: >−3.0 D or >
+2.0 D, cylindrical: >±1.5 D), evident exposure kerato-
pathy which could affect vision, other ophthalmopathies
that could affect OCT measurements (e.g. glaucoma, optic
nerve diseases, retinal diseases, obvious media opacities,
obvious strabismus).

The following clinical data were obtained in TED
patients: gender, age, disease duration, corticosteroid treat-
ment, clinical activity score (CAS), BCVA (logMAR), IOP
(Goldmann applanation tonometry), slit-lamp and fundus
examinations, Hertel exophthalmometry, Humphrey peri-
metry and OCT measurements.

The study adhered to the tenets of the Declaration of
Helsinki and was approved by the Ethics Committee of
Fudan University. Informed consent was obtained from all
patients in the study.

Visual field examination

Humphrey VF analyser was performed using the 30–2
SITA-standard protocol (Humphrey Field Analyzer 750i,

Carl Zeiss Meditec Inc. Dublin). Only reliable VFs were
considered (≤20% false positives or false negatives; fixation
losses < 20%), and mean deviation (MD) was recorded.

OCT measurements

The TED patients and healthy controls underwent OCT
scanning with a Cirrus HD-OCT (Carl Zeiss Meditec Inc.
Germany). Peripapillary RNFL thickness was obtained
using the optic disc cube 200 × 200 protocol and GCL/IPL
thickness was obtained using the Macular Cube 512 × 128
protocol. The included scans must have a signal strength ≥6,
no movement artifacts nor segmentation errors, and good
centring on the fovea.

Statistical analysis

The mean values are presented with standard deviations.
Student’s t test was used to compare ages between TED
patients and healthy controls. Fisher’s exact was used to
compare genders between patients and controls. One-way
ANOVA was used to analyse the measurements among
different groups. Spearman correlation test was used to
analyse the correlation between measurement parameters.
All differences with a value of p < 0.05 were considered
statistically significant. The analyses were performed using
SPSS 19.

Results

Clinical characteristics

Seventy-five TED patients (50 females, 25 males), mean
age 46.4 ± 13.1 years (range 18–72 years) were included.
The disease duration was 18 ± 21 months (range
3–180 months). The mean CAS was 1.7 ± 1.4 (range 0–5).
28 (37.3%) patients received steroids therapy prior to eva-
luation. No patient underwent radiation therapy before. 145
eyes with TED (74 right eyes and 71 left eyes) were
included in the study. There were 35 eyes (17 right eyes and
18 left eyes) in mild group, 42 eyes (22 right eyes and 20
left eyes) in moderate-to-severe group and 68 eyes (35 right
eyes and 33 left eyes) in DON group.

The control group included 70 eyes of 35 cases (22
females, 13 males), the mean age was 53.3 ± 11.7 years
(range 26–70 years). No significant difference was found
between TED patients and controls in age (p= 0.06) and
gender (p= 0.7).

The clinical examinations of the TED eyes are presented in
Table 1. The mean CAS had significant differences among
the three groups (p < 0.001). The mean proptosis and IOP
were significantly higher in DON and moderate-to-severe
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Table 1 The clinical examinations in mild, moderate-to-severe and DON groups.

Mild
(N= 35)

Moderate-to-severe
(N= 42)

DON
(N= 68)

Mild vs moderate-
to-severe

Mild vs DON Moderate-to-
severe vs DON

CAS 0.1 ± 0.3 1.2 ± 1.1 2.4 ± 1.2 <0.001 <0.001 <0.001

Proptosis(mm) 15 ± 1.5 19 ± 4.3 20 ± 3.9 0.011 <0.001 0.602

IOP (mmHg) 15.3 ± 2.3 17.8 ± 5.2 18.8 ± 5.6 0.039 0.001 0.603

BCVA (logMAR) 0.01 ± 0.03 0.04 ± 0.08 0.35 ± 0.35 0.067 <0.001 <0.001

MD(dB) −1.1 ± 1.3 −1.62 ± 1.5 −9.7 ± 7.8 0.269 <0.001 <0.001

IOP intraocular pressure, BCVA best corrected visual acuity, MD mean deviation.

Table 2 The thickness of RNFL and GCL/IPL in different TED groups and control group.

Mild Moderate-to-severe
(N= 42)

DON Control Mild vs
control

Moderate-to-severe
vs control

DON vs
control(N= 35) (N= 68) (N= 70)

RNFL (μm)

Mean 103.2 ± 6.6 97.8 ± 9.2 110.6 ± 34.2 100.3 ± 6.3 0.437 0.195 0.079

Superior 130.7 ± 10.3 120.6 ± 16.3 137.2 ± 50.1 125.4 ± 12.3 0.35 0.359 0.246

Temporal 77. 9 ± 11.8 72.3 ± 14.5 78.1 ± 21.7 71.7 ± 9.9 0.267 0.996 0.13

Inferior 134.1 ± 12.3 126.7 ± 15.9 147.2 ± 50.3 132.6 ± 12.9 0.974 0.193 0.101

Nasal 68.3 ± 9.8 68.7 ± 9.4 80.1 ± 28.6 71.4 ± 8.6 0.688 0.455 0.087

GCL/IPL (μm)

Mean 86.4 ± 5.7 82.8 ± 3.8 77.5 ± 10 87.1 ± 3.8 0.969 <0.001 <0.001

S 86.7 ± 5.8 83.1 ± 4.3 78.2 ± 10.7 88.4 ± 4.1 0.72 <0.001 <0.001

ST 85 ± 5.9 81.3 ± 3.9 75.9 ± 10.7 85.9 ± 4.3 0.951 <0.001 <0.001

SN 89.3 ± 6.1 84.9 ± 4.6 80 ± 10.1 89.7 ± 4.3 0.995 <0.001 <0.001

I 84.4 ± 6.5 80.8 ± 4.8 76.5 ± 9.7 84.4 ± 4.8 0.999 0.001 <0.001

IT 85.8 ± 6.4 82.3 ± 4.8 77.3 ± 11.7 86.6 ± 4.1 0.967 <0.001 <0.001

IN 87 ± 5.9 82.9 ± 4.5 77.8 ± 9.5 88 ± 4.4 0.934 <0.001 <0.001

S superior, ST supero-temporal, SN superonasal, I inferior, IT infero-temporal, IN inferonasal.

Fig. 1 The correlation between GCL/IPL thickness and visual functions. (Left) the mean GCL/IPL thickness had a significant correlation with
mean deviation (r= 0.449, p < 0.001). (Right) the mean GCL/IPL thickness had a significant correlation with logMAR visual acuity (r=−0.388,
p < 0.001). GCL/IPL ganglion cell layer/inner plexiform layer.
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groups than those in mild group (p < 0.05). The MD and
BCVA were significantly worse in DON group than those
in mild and moderate-to-severe groups (p < 0.001). In
addition, the mean IOP of healthy controls was 15.1 ± 2.1
mmHg, and it was lower than moderate-to-severe and DON
groups (p < 0.05).

OCT measurements analysis

The thickness of RNFL and GCL/IPL in different groups
are presented in Table 2. The mean RNFL thickness was
thinnest in moderate-to-severe group and thickest in DON
group, though the difference did not reach statistical sig-
nificance between TED groups and control group. The
mean RNFL thickness had significant difference between
moderate-to-severe group and DON group (p= 0.036).
The mean GCL/IPL thickness was thinnest in DON group
compared with mild, moderate-to-severe and control groups
(all p < 0.001). In addition, the mean GCL/IPL thickness in
moderate-to-severe group was significantly thinner than that
in control group (p < 0.001).

For TED eyes, the mean GCL/IPL thickness had a sig-
nificant correlation with MD (r= 0.449, p < 0.001) and had
a significant correlation with logMAR VA (r=−0.388, p <
0.001) (Fig. 1). However, no significant correlation was
found between the mean RNFL thickness and MD (p=
0.082) or logMAR VA (p= 0.226).

Discussions

Due to the chronic damage of neural structure and the
compensation of neural function, the measurement para-
meters of optic nerve (e.g. GCC, RNFL) and visual func-
tions (e.g. VA, VF) are not always consistent with each
other in compressive optic neuropathies (CON). In the
patients with chiasmal compression, the thickness of GCC
and RNFL may become thinning while the VF remained
normal [10, 11]. In addition, it has been widely proved that
structural damage occurred much earlier than functional
impairment in glaucoma patients [12].

The inconsistency between structure and function of
optic nerve also exists in TED. Wu et al. had reported that
the inner intra-retinal layers including NFL, GCL/ IPL and
GCC significantly decreased in TED patients without DON
[8]. In our study, the TED eyes without DON were further
divided into mild and moderate-to-severe subgroups based
on EUGOGO criteria. The GCL/IPL thickness decreased in
DON and moderate-to-severe groups compared with heal-
thy controls, whereas the GCL/IPL thickness had no
obvious decrease in mild group. The results indicated that
the thinning of RGCs probably began from the moderate-to-
severe stage and was earlier than the appearance of visual

abnormality. The RNFL thickness had a thinning trend in
moderate-to-severe group although it showed no
significant difference, it indicated a subclinical atrophy of
optic nerve in this stage. The average RNFL thickness
increased in DON group mainly because of the oedematous
optic disc.

The pathogenesis and mechanism of DON appears to
be multifactorial, which might involve the optic nerve
compression, elevated retrobulbar pressure, active
intraorbital inflammation and vascular insufficiency.
Hypoxia and ischemia may be the main reasons that ret-
inal changes precede optic nerve changes [5, 13]. Prop-
tosis is caused by the enlargement and congestion of
orbital soft tissue in TED, and it may indicate more
pressure on optic nerve and eyeball [2]. Increased IOP
had been proved to play a crucial role in the thinning of
RNFL and macula thickness in TED patients [5, 14]. In
addition, active inflammation was considered as an
important factor for optic neuropathy [15], and previous
studies showed that early damage of optic nerve and
macular might exist in the active TED patients [16]. In our
study, the proptosis, IOP and CAS were significant
higher in moderate-to-severe and DON groups
compared with mild group, these might be the main
causes of GCL/IPL thinning in moderate-to-severe and
DON groups.

However, the eyes with moderate-to-severe TED had a
relatively normal vision compared to the eyes with DON,
though their RNFL and GCL/IPL thickness decreased.
Consistent with previous studies, the GCL/IPL thickness
were thinner in DON group compared to moderate-to-
severe group in our study [17]. In addition, DON group
tended to have a higher CAS than moderate-to-severe
group, but there was no significant difference in proptosis or
IOP between the two groups. We speculated that, in DON
group, marked inflammation could damage the neural
axoplasm flow and orbital blood supply during a short time,
and the vision function could not compensate these dama-
ges effectively. What’s more, we speculated that slight
vision damage might have happened in some eyes with
moderate-to-severe TED and have improved following
thyroid function recovery and/or steroids treatments, which
could not be detected at this visit.

In our patients, there was a significant correlation
between visual functions and GCL/IPL thickness rather than
RNFL thickness. The results were similar to previous
reports on chiasmal compression optic neuropathy [18]. The
optic disc could be oedematous with a normal visual
function at the early stage of disease, oppositely, it could
present as swelling, pallor or normal with damaged visual
functions later [15]. The oedema of optic disc and increase
of RNFL thickness could obscure the loss in retinal
nerve fibre, whereas RGCs changes could detect optic nerve

132 J. Guo et al.



injury when optic disc oedema is present and is more sen-
sitive in detecting early optic nerve damage.

Previous studies have shown that more preserved GCC
and/or RNFL thickness indicated better visual recovery.
The patients with early DON could have excellent visual
recovery after treatments even though the thinning RNFL
and GCC had no significant improvement [19, 20]. The
thinning trend of GCL/IPL might be a strong suggestion for
closer vision follow-up and earlier decompression surgery
in TED patients.

There were some limitations in our study. Firstly, a long-
term follow-up was lack to assess the changes of GCL/IPL
and RNFL thickness. Secondly, although the highest CAS
score was recorded, part of the patients had received ster-
oids therapy before the examinations and measurement
parameters might be affected [2].

In conclusion, subclinical optic neuropathy may progress
in the patients with moderate-to-severe TED although they
have no obvious visual abnormality. The combination of
structural and functional measurements at this stage could
provide more information about the status of optic nerve.
The thickness of GCL/IPL and RNFL is useful to monitor
the potential damage of optic nerve, and the thinning of
GCL/IPL might be a strong suggestion for closer vision
follow-up and earlier decompression surgery.

Summary

What was known before

● Retinal nerve fibre layer (RNFL) and RGCs could
decrease in TED patients who had no clinical sign of
optic neuropathy.

What this study adds

● The changes of RNFL and RGCs thickness in different
stages and severities. subclinical optic neuropathy may
progress in the patients with moderate-to-severe TED.
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