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ysthyroid eye disease is the most common cause of proptosis in
adults, which typically presents as Graves’ disease at the third and
fourth decade of life. Sight is threatened by corneal exposure due to

incomplete eyelid closure over a proptotic globe, uncontrolled ocular hy-
pertension or optic nerve compression. Prevalence of glaucoma is reported
to be greater in patients with Graves’ orbitopathy (GO) than the general
population.1

Prevalence of OHT in patients with GO is estimated to be between 5 to
24%.2-5 This can be due to the enlargement of the extraocular muscles, adi-
pose and connective tissue volume.6 In such cases, visual field examination
often shows diffuse nonglaucomatous abnormalities because of conjunctival
and corneal disorders.6 Early detection is therefore essential for the institu-
tion of a pressure-reducing treatment in order to stop or delay progressive
loss of visual function. In clinical practice, glaucoma diagnosis is performed
using ophthalmoscopic examination of the optic nerve head and visual field
testing with standard automatic perimetry.7,8
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AABBSSTTRRAACCTT  OObbjjeeccttiivvee:: To compare retinal nerve fiber layer (RNFL) thickness and ganglion cell
complex (GCC) thickness in eyes with Thyroid associated orbitopathy ( TAO ), in eyes with ocular
hypertension ( OHT )+TAO and in a control group of healthy eyes. MMaatteerriiaall  aanndd  MMeetthhooddss::  In this
retrospective and cross-sectional study, we compared 54 eyes of 54 patients diagnosed with TAO
with 35 eyes of 35 healthy patients. Patients with TAO were divided into two subgroups according
to their intraocular pressure ( IOP ) values. Patients with IOP levels ≤ 21 mmHg were classified as
Group 1 (33 eyes of 33 patients) and patients with IOP levels > 21 mmHg were classified as Group
2 (21 eyes of 21 patients). RReessuullttss::  Among 54 eyes with TAO, there were no significant differences
in RNFL and GCC patterns between Group 1, Group 2 and the control group (Group 3). The mean
deviation and pattern standard deviation were not significantly different between the groups. The
FD-OCT parameters showed a strong correlation with MD and PSD values. CCoonncclluussiioonn::  RNFL and
GCC thickness values were evaluated with FD-OCT in eyes with TAO and OHT. Although there
was no difference in the RNFL and GCC parameters between the patient and control groups, we
think that RNFL and GCC thickness evaluation with eye-tracking OCT could represent on objec-
tive diagnostic technique for detecting optic neuropathy in TAO.
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In recent years, OCT has been most widely
used for early detection of structural damage. The
FD-OCT RTVue-100 (Optovue Inc, Fremont, CA)
provides comprehensive glaucoma evaluation by
measuring RNFL thickness and ganglion cell com-
plex thickness which is defined as a combination
of nerve fiber, ganglion cell and inner plexiform
layers.

In this study we aimed to evaluate the glau-
coma discrimination ability of GCC and RNFL
thickness measured by the FD-OCT RTVue-100
in eyes with TAO and compare the data with the
control group. The study was conducted in ac-
cordance with the tenets of the Declaration of
Helsinki by obtaining written consent from all
patients, with the approval of the local ethical re-
view board.

MATERIAL AND METHODS 

All patients with TAO who were referred to the
Ophthalmology Department of the Research and
Education Hospital between March 2011 and Sep-
tember 2012 were enrolled in this cross-sectional
study. A total of 54 eyes of 54 patients diagnosed
with TAO were classified into 2 groups according
to their IOP. The eyes in Group 1 had an IOP ≤21
mmHg and the eyes in Group 2 (TAO+OHT group)
had an IOP > 21 mmHg. The mean followup time
of patients with TAO was 23,51 ± 18,16 months in

the Group 1 and 28,09 ± 18,93 months in the Group
2.

We considered 35 healthy patients (35 eyes) as
the control group. Inclusion criteria in the control
group were lack of any previous thyroid disease or
orbitopathy, an IOP < 21 mm Hg and normal optic
nerve heads based on biomicroscopic fundus eval-
uation.

All patients underwent complete ophthalmic
examination, including slit-lamp biomicroscopy of
anterior and posterior segment, gonioscopy, Gold-
mann applanation tonometry, ultrasound pachym-
etry, papiller and macular imaging using FD-OCT.
The standard visual field indices (mean deviation
[MD], pattern standard deviation [PSD]) were ob-
tained from visual field (VF) examination using 30-
2 standard automated perimetry (SAP) performed
with a Humphrey Field Analyzer (HFA) (Carl Zeiss
Meditec, Jena, Germany). Exclusion criteria for all
groups were best corrected visual acuity < 20/40,
spherical equivalent refractive error > +3.00 or
<-6.00 diopters, diabetic retinopathy or other dis-
eases that could cause VF loss or optic disc abnor-
malities and previous intraocular surgery.

The GCC and RNFL thickness values of the pa-
tients were measured by scanning with the RTVue-
100 FD-OCT system (Optovue) in which glaucoma
protocols include RNFL scan, optic nerve head
scan, three dimensional disc scan and GCC scan.

Group I Group II Group III p

Age Mean±s.d. 44 46.4 ± 12.0 41 45.7±7.8 43 46.8±7.4 0.936K

Med (Min-Max) 27-77 40-63 39-62

Female n (%) 26 (78.8%) 12 (57.1%) 26 (74.3%) 0.208χ²

Male n (%) 7 (21.2%) 9 (42.9%) 9 (25.7%)

Smoking yes n (%) 17 (51.5%) 12 (57.1%) 18 (51.4%) 0.902χ²

no n (%) 16 (48.5%) 9 (42.9%) 17 (48.6%)

Hertel Mean±s.d. 20 20.6±3.2 25 25.7±4.6 0.000m

Med (Min-Max) 15.0-29.0 19.0-32.0

TO Mean±s.d. 17 16.6±2.9 26 25.6±2.1 0.000m

Med (Min-Max) 10.0-21.0 22.0-29.0

TABLE 1: Characteristics of patients in the three groups: Group 1, normotansive thyroid associated orbitopathy group
Group 2, hypertansive thyroid associated orbitopathy group Group 3, control group.

IOP, intraocular pressure; TAO: Thyroid associated orbitopathy.
K: Kruskal-wallis; m: Mann-whitney u test; χ2: Chi-square test.
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For all parameters, the instrument–provided clas-
sification is indicated in a color-coded manner
which reflects the probability that the parameter
falls within or outside the normal range deter-
mined by the normative database. All comparisons
were adjusted for known effects of age, optic disc
size and ethnicity.

If the value falls within the normal range (5-
95%), it is colored green in order to indicate the
classification “Within Normal Limits”. If the value
falls below the normal range (1-5%), it is colored
yellow in order to indicate the classification “Bor-
derline”. If the value falls outside the normal range
(<1%), it is colored red in order to reflect the clas-
sification “Outside Normal Limits”.

STATISTICAL ANALYSIS

In the descriptive statistics of the data; mean, stan-
dard variation, median, lowest, highest, frequency
and ratio values were used. In the analysis of quan-
titative data, chi-square test was used. The distri-
bution of the variables was measured by the
Kolmogorov-Smirnov test. In the analysis of qual-
itative data, the Kruskal-Wallis test was used
whereas the Mann-Whitney U test was used in the

sub analyses. SPSS 22.0 program was utilized in the
analyses.

RESULTS

The clinical characteristics of the 3 groups are
shown in Table 1. The average, superior and infe-
rior thickness values of RNFL and GCC in the eval-
uated groups are shown in Table 2. No significant
differences were present among the groups in
terms of age and visual acuity. In all cases, the iri-
docorneal angle was open on gonioscopy. No cases
of optic nerve head atrophy were present.

In the control group, the mean visual acuity
was 20/20, the mean IOP was 18±0.3 mmHg and
the mean RNFL and GCC thickness values were
106±10.2 μm and 97.8±7.0 μm respectively.

We considered 54 eyes of 54 patients with
TAO (16 males and 38 females). Among them,
Group 1 included 33 eyes of 33 patients with nor-
mal IOP (≤0.21 mm Hg). Group 2 included 21 eyes
of 21 patients with OHT (IOP> 21 mm Hg). The
best corrected visual acuity was 20/20 in all groups.
The mean IOP was 16.6±2.9 mmHg in Group 1 and
25.6±2.1 mmHg in Group 2 (Table 1). The mean

Group I Group II Group III p

RNLF

RNFL Mean±s.d 101 103.9±9.9 100 104.6±11.6 102 103.4±9.8 0.929K

AVG Med (Min-Max) 85.0-135.0 88.0-124.0 87.0-121.0

RNFL Mean±s.d 103 104.2±10.4 99 103.7±16.6 104 103.7±12.1 0.972K

SUP Med (Min-Max) 89.0-133.0 77.0-125.0 81.0-125.0

RNLF INF Mean±s.d 103 103.6±11.8 100 104.4±9.5 104 103.2±9.2 0.957K

Med (Min-Max) 74.0-137.0 94.0-123.0 85.0-123.0

GCC

Average Mean±s.d 98 97.4±7.6 102 103.2±5.4 99 98.1±6.8 0.009K

Med (Min-Max) 82.1-114.8 95.4-111.5 84.7-115.5

Superior Mean±s.d. 98 96.5±8.7 103 106.5±12.5 97 97.1±6.9 0.001K

Med (Min-Max) 79.1±116.5 96.8-134.9 84.8-114.1

Inferior Mean±s.d. 98 98.4±7.0 99 98.0±12.9 100 99.2±7.3 0.856K

Med (Min-Max) 85.9-113.1 71.9-114.5 82.9-116.9

TABLE 2: Mean RNFL and GCC values in the patient and control group.

K: Kruskal-wallis.

* Difference with Group II p<0.05.

GCC: Ganglion cell complex; RNFL: Retinal nerve fiber layer; SUP: Superior; INF: Inferior.
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RNFL thickness values were 103.9±9.9 μm in
Group 1 and 104.6±11.6 μm in Group 2. Further,
the mean GCC thickness values were 97.4±7.6 μm
in Group 1 and 103.2±5.4 μm in Group 2 (Table 2).
The mean central corneal thickness (CCT), MD,
PSD values of patients are shown in Table 3.

No significant differences were observed be-
tween the patients in Group 1 and Group 2 in terms
of age, gender or rate of smoking ( p>0.05). The
mean Hertel and TAO values in Group 1 were sig-
nificantly lower than those in Group 2 (p<0.05)
(Figure 1, Table 1). Also the average MD and PSD
values did not differ between the groups and
showed a strong correlation with the FD-OCT pa-
rameters (p>0.05). There were no significant dif-
ferences in neither groups or the control group in
terms of RNFL Avg, superiorand inferior values
(Figure 2, Table 2) (p>0.05). In the group 2, the av-
erage and superior GCC values were higher than
the group 1 and 3 (p˂0,05) (Table 2). But average,
superior and inferior GCC values did not differ be-
tween the group 1 and 3 (p˃0,05) (Table 2).

DISCUSSION 

This observational cross-sectional study reported
the evaluation of RNFL and GCC thickness values
in patients with TAO and in a control group. In this
study, there was no significant difference between
the patients with TAO (Group 1), patients with
TAO and OHT (Group 2) and the control group
(Group 3) in terms of RNFL values of superior and
inferior quadrant and mean RNFL values. Further,
the mean GCC values did not differ within the 3
groups.

Among all eyes with TAO and the control
group, a high correlation was found between RNFL
and GCC thickness values, and also these values
were correlated with visual field (VF) defects.

Autopsy studies of glaucoma cases have shown
that standard automated perimetry ( SAP ) does not
detect VF defects until approximately 30-50% of
the retinal ganglion cell axons have been lost.9,10

Several authors affirm that in primary open angle
glaucoma and in compressive optic neuropathy, VF
defects are anticipated by a loss of RNFL and this
loss can be detected with OCT with moderate sen-
sitivity and high specificity.10-12 Our data suggests
that abnormal values of RNFL and GCC in TAO
may indicate an optic neuropathy masquerading as
conjunctival and corneal disorder-related nonspe-
cific VF defects.

Group 1 Group 2 Group 3 p

CCT Avg±s.d. 552 551.6±16.0 542 544.1±18.2 551 549.4±36.8 0.184

Med (Min-Max) 510-580 508-578 453-648

MD Avg.±s.d. -0.9 -0.9±1.1 -0.9 -1.1±1.4 1.3 -1.2±1.3 0.508

Med (Min-Max) -3.3-1.2 -4.3-0.7 -3.9-2.3

PSD Avg.±s.d. 1.9 1.9±0.7 1.7 2.0±0.9 1.7 1.7±0.5 0.187

Med (Min-Max) 1.1-5.7 1.2-5.7 1.0-3.9

TABLE 3: Mean CCT, MD and PSD values of the groups.

CCT: Central corneal thickness; MD: Mean deviation; PSD: Pattern standard deviation; Avg.: Average.

FIGURE 1: İOP comparison of Group 1 and Group 2.
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OCT has shown high sensitivity, specificity
and reproducibility in assessing RNFL and GCC
thickness and in detecting early damage in glau-
coma and compressive optic neuropathy.10-17 In the
absence of glaucomatous VF defects, RNFL and
GCC thinning in the eyes with TAO, OHT and
normal optic discs could suggest the presence of an
early optic neuropathy.

OHT in TAO was present in 9 eyes (12%)
which may be due to primary glaucoma or in-
creased secondary compressive intraocular pres-
sure.18-20 In compressive optic neuropathy, RNFL
thinning is related to the site of compression.17,21

Localized RNFL defects could be attributed to early
glaucoma and may require an antiglaucomatous
treatment.22,23

The purpose of this study is to detect the ex-
tent to which the RNFL and also GCC thickness
values are affected in patients with TAO using the
RTVue-100 FD-OCT system. To obtain better im-
aging quality for separating retinal layers, devices
that have high resolution and provide improved
signal quality are required. Leitgeb et al. reported
the advantages of FD-OCT in terms of detailed im-
aging in their study comparing the new FD-OCT
technique with time-domain OCT.24

Although decrease in macular thickness and
asymmetric changes were observed in association

with glaucomatous retinal ganglion cell loss in pre-
vious studies, there is limited information about the
clinical value of GCC measurements in glaucoma
disease.25

We aimed at quantitatively detecting the
mean GCC and RNFL thickness values according
to glaucoma suspicion in patients with TAO. In our
study, we observed that GCC and RNFL values did
not differ between the control and patient groups.
This may be due to the fact that there was inade-
quate time for glaucomatous changes to occur in
the patients with TAO.

A limitation of this study lies in the impossi-
bility to exactly separate the glaucoma-associated
RNFL thinning from thinning due to other forms of
compressive optic neuropathy. Our results suggest
a suspicious role of OCT in detecting early glau-
coma in eyes with TAO+OHT. On the other hand,
while VF results may contain changes unrelated to
the optic nerve, RNFL and GCC imaging analysis
seems advisable for detecting optic nerve patholo-
gies in the evaluation of TAO.

In conclusion, RNFL and GCC thickness val-
ues were evaluated with FD-OCT in eyes with
TAO and OHT. Although there was no difference
in the RNFL and GCC parameters between the pa-
tients and control groups, we think that RNFL and
GCC thickness evaluation with eye-tracking OCT
could represent on objective diagnostic technique
for detecting optic neuropathy in TAO.
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