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Introduction

Multiple sclerosis (MS) is a chronic, autoimmune central ner-
vous system disease characterized by demyelination and neu-
rodegeneration. It was first described by Charcot. Although 
environmental and genetic factors are considered to have a 
significant role in the disease, the precise etiologic cause has 
not yet been fully understood. The prevalence range of MS is 

0.002-0.2%, with a geographic pattern (1,2). MS is common 
among young adults aged 20-30 years and the first symptoms 
generally occur at this age. The brain, optic nerve, and spinal 
cord may be affected in the earliest stages of the disease, 
and clinical findings reflect the affected area (3–5).The clin-
ical process is variable. MS is classified into 4 types: relaps-
ing-remitting, secondary progressive, progressive relapsing, 
and primary progressive. MS is a clinical diagnosis and there 
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is no laboratory method for a definitive diagnosis. The Mc-
Donald Criteria, published by McDonald in 2001 and revised 
in 2005, 2010, and 2017, are used to diagnose MS (6–9). The 
following changes were made in the most recent 2017 ver-
sion of the McDonald Criteria: in patients with a typical clin-
ically isolated syndrome and clinical or magnetic resonance 
imaging (MRI) demonstration of dissemination in space, the 
presence of cerebrospinal fluid-specific oligoclonal bands al-
lows a diagnosis of multiple sclerosis; symptomatic lesions 
can be used to demonstrate dissemination in space or time 
in patients with supratentorial, infratentorial, or spinal cord 
syndrome; and cortical lesions can be used to demonstrate 
dissemination in space (9). The most common findings in MS 
are fatigue, weakness of 1 or more extremity, blurred vision, 
diplopia, sensorial loss, emotional changes, ataxia, and blad-
der dysfunction (10).

Optical coherence tomography (OCT) is a noninvasive 
imaging modality that differentiates tissue sections with high 
resolution. It was first developed in 1991 by Huang et al. (11) 
from the Massachusetts Institute of Technology. Technologi-
cal advancements led to the ability to obtain section images 
with higher resolution, and it is a commonly used modality 
in the ophthalmology, cardiology, dermatology, and dentistry 
fields. In ophthalmology, OCT is used to perform a quan-
titative evaluation of the optic nerve, macula, and anterior 
segment (12,13).

The primary mechanisms of damage in MS disease are 
demyelination and neurodegeneration. The optic nerve can 
be evaluated in 4 parts: the intracranial, intracanalicular, in-
traorbital, and intraocular components (13). The intraocular 
portion is also known as the papilla or optic disc, and it is 
the only part of the optic nerve without myelin. Optic nerve 
involvement is seen in MS and it can be evaluated with OCT 
(14,15).

The objective of this study was to analyze the thickness 
of the retinal layers in MS patients with or without a history 
of optic neuritis using spectral-domain OCT (SD-OCT) and 
to compare the findings with those of healthy individuals.

Methods

Forty-two patients diagnosed with MS in the neurology clinic 
according to the McDonald Criteria and 21 healthy volun-
teers were included in the study. Four groups were created. 
The first group included 21 MS patient without eye involve-
ment, the second group included the eyes of 21 MS patients 
with a history of optic neuritis, the third group included 
the other eye of the patients in the second group without 
a history of optic neuritis, and the fourth group (control) in-
cluded 21 eyes of 21 healthy individuals with similar age and 
gender characteristics (Fig. 1). Members of the second and 
the third groups are the same patients.

The patients' history of optic neuritis was determined 
from the patient anamnesis, the hospital patient file system, 
and previous patient follow-up details. The inclusion crite-
ria for all of the study individuals consisted of a spherical 
refraction between +1.0 and -1.0 diopters, 20 mm <axial 
length <25 mm, and a diagnosis of MS based on the 2017 
revision of the McDonald Criteria. The following exclusion 
criteria were applied: the presence of ocular disease other 
than MS-related conditions, previous ocular surgery, a histo-
ry of smoking or alcohol intake, any systemic disease, and a 
history of taking any medication other than MS treatment 
drugs within the prior 3 months.

Best-corrected visual acuity (BCVA) was measured using 
the Snellen chart, and the manifest refraction was measured 
using an automatic refractometer (RF10; Canon Inc., Tokyo, 
Japan).

The SD-OCT measurements were recorded by a single 
experienced SD-OCT technician. The SD-OCT images were 
obtained in MS patients according to the APOSTEL and OS-
CAR-IB study recommendations (16,17). 

The thickness of the 7 layers described in the Early Treat-
ment Diabetic Retinopathy Study (ETDRS) macular retina 
ring sectors at 1, 3, and 6 mm was automatically analyzed 
with the SD-OCT device (Heidelberg Engineering GmbH, 
Heidelberg, Germany) software (Segmentation Technolo-
gy; Heidelberg Engineering GmbH, Heidelberg, Germany). 
These are the retinal nerve fiber layer (RNFL), the ganglion 
cell layer (GCL), the inner plexiform layer (IPL), the inner nu-
clear layer (INL), the outer plexiform layer (OPL), the outer 
nuclear layer (ONL) and the photoreceptor-retinal pigment 
epithelium (RPE) complex (Figs. 2, 3).

Statistical Analysis
All of the statistical analysis was performed with IBM SPSS 
Statistics for Windows, Version 20.0 software (IBM Corp., 
Armonk, NY, USA). Generalized estimating equation (GEE) 
models accounting for age and adjusting for within-patient 

21 MS patients without 
eye involvement

21 MS patients with 
a history of optic 
neuritis in a singe eye

21 healthy individuals

Group 1

Group 2

Group 3

Group 421 eyes

21 eyes

21 eyes with a history 
of optic neuritis

21 eyes without 
eye involvement

Figure 1. Flow chart of the study groups.
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and inter-eye correlations, were used in the analysis to de-
termine differences in retinal layer thicknesses. The OCT 
results of both eyes of a single patient would be expected to 
have some degree of intercorrelation with respect to visual 
function and retinal thickness. Given that both eyes of the 
MS patients with a history of optic neuritis in a single eye 
(groups 2 and 3) were analyzed, a GEE model was created 
for this study to adjust for within-patient and inter-eye cor-
relations. GEE models were also used to compare the retinal 
thickness values of patient and control groups. A type I error 
level of 0.05 was used for statistical significance (GEE mod-

els, accounting for age and within-patient, inter-eye correla-
tions). This study was an exploratory study without sample 
size calculation and adjustment for multiple comparisons.

This study was approved by the Istanbul Sureyyapasa 
Chest Diseases and Thoracic Surgery Training and Research 
Hospital Ethics Committee for Clinical Research (protocol 
code: 116.2017.028). All of the participants provided written 
informed consent and the research was conducted in accor-
dance with the tenets of the Declaration of Helsinki.

Results

Sixty-three eyes of 42 patients (23 men, 19 women) with a 
diagnosis of relapsing-remitting MS and 21 eyes of 21 healthy 
volunteers (control) were included in the study (Table 1). 
There was a history of previous optic neuritis in 21 eyes 
(50%) among the MS patients. The mean duration from 
the onset of disease was 9.81±6.65 years with a mean of 
4.84±2.38 attacks. The mean age was 35.01±11.97 years 
in the first group, 32.26±8.53 years in the second group, 
32.26±8.53 years in the third group, and 32.86±2.60 years 
in the control group (p=0.104, p=0.883, and p=0.883, re-
spectively) (Table 1). The BCVA of the eyes in group 2 was 
significantly lower than that of the control group. All of the 
patients had been treated and followed by the neurology 
clinic using fingolimod, glatiramer acetate or interferon be-
ta-1a. No MS patient treated with fingolimod in this study 
developed macular edema.

The mean RNFL thickness value in the central, parafoveal, 
and perifoveal macular rings for all of the patient groups was 
lower than that of the control group. However, it was sta-
tistically significant only for group 2 (p=0.047, 0.024, 0.039, 
respectively) (Table 2).

The mean GCL thickness recorded in the central, parafove-

Figure 2. Image of a retinal layer analysis of a healthy eye which can be automatically analyzed with 
a single horizontal foveal screen using spectral-domain optical coherence tomography and the device 
software. GCL: Ganglion cell layer; INL: Inner nuclear layer; IPL: Inner plexiform layer: ONL: Outer nu-
clear layer; OPL: Outer plexiform layer; Photoreceptor-RPE: Photoreceptor retinal pigment epithelium 
complex; RNFL: retinal nerve fiber layer.

Figure 3. A demonstrative image of the Early Treatment Diabetic Ret-
inopathy Study macular retina ring sectors at 1, 3, and 6 mm in the 
central, parafoveal, and perifoveal regions.
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al, and perifoveal macular rings in all of the patient groups was 
lower than the control group result. This difference was statis-
tically significant in the parafoveal and perifoveal rings for all of 
the patient groups (p=0.041, p=0.038 for group 1; p=<0.001, 
p<0.001 for group 2; p=0.035, p=0.044 for group 3).

The mean IPL thickness measurement in the central, 
parafoveal, and perifoveal macular rings of all of the patient 
groups was lower than that of the control group. This dif-
ference was statistically significant in all of the rings in group 
2 (p=0.036, <0.001, 0.020, respectively). It was statistical-
ly significant in the parafoveal and perifoveal macular rings 
in group 1 and group 3 (p=0.012, p=0.023 for group 1 and 
p=0.040, p=0.025 for group 3).

There was no statistically significant difference found in 
the mean thickness of the INL, OPL, ONL, RPE, or photo-
receptor-RPE complex in a comparison of all of the patient 
groups and the control group.

The mean RNFL, GCL, and IPL thickness in the central, 
parafoveal, and perifoveal macular rings observed in group 
3 was lower than that of group 1. However, this difference 
was not statistically significant. Similarly, although the RNFL, 
GCL, and IPL layer thicknesses were lower in group 2 than 
in group 3, only the difference in parafoveal GCL thickness 
was statistically significant (p<0.001).

Discussion

Although MS is known as a neurodegenerative disease with 
demyelination of the central nervous system, it can also in-

clude eye involvement. The most form of common involve-
ment is optic neuritis; however, peripheral retinal vasculitis, 
uveitis, vitreous opacities, and the involvement of the fifth, 
sixth, and seventh cranial nerves may be seen (18–23). Pa-
tients with optic neuritis are ordinarily examined for light 
reflexes in an ophthalmologic examination and relative affer-
ent pupil defects are found in most of these patients. Optic 
neuritis is an acute axonal sterile inflammation affecting the 
optic nerve. An optic neuritis diagnosis can be made using 
the anamnesis, visual acuity examination, color vision, fundus 
examinations, contrast sensitivity, and radiologic imaging. 
Demyelination spots and optic nerve or periorbital nerve in-
volvement can be identified with MRI. In the development of 
the OCT device, Fujimoto's use of femtosecond laser tech-
nology and Fournier's work to integrate it into the device 
have contributed greatly to the field of ophthalmology and 
neuro-ophthalmology (24,25). It has been established that 
various temporary or permanent changes can occur in the 
eyes of MS patients. These changes can be rapidly and ob-
jectively identified with high repeatability and reliability by 
performing noninvasive imaging with OCT. The thicknesses 
of all of the layers in the ETDRS macular retina rings at 1, 3, 
and 6 mm can be automatically analyzed with the SD-OCT 
software (26).

The GCL layer consists of the bodies of retinal ganglion 
cells. The GCL axons create the RNFL and subsequently, the 
optic nerve is formed. The IPL is made up of dendrites of 
ganglion cells which form synapses with bipolar cells as well 

  Group 1 Group 2 Group 3 Group 4 p

  (n=21) (n=21) (n=21) (Control) (n=21)

Gender (male: female) 11:10 12:9 12:9 11:10 +Group1-Control: 1.000

      +Group2-Control: 0.758

      +Group3-Control: 0.758

Age (years) 35.01±11.97 32.26±8.53 32.26±8.53 32.86±2.60 *Group1-Control: 0.104

      *Group2-Control: 0.883

      *Group3-Control: 0.883

BCVA (Snellen) 0.95±0.24 0.77±0.20 0.87±0.19 1.0 *Group1-Control: 0.195

      *Group2-Control: 0.024

      *Group3-Control: 0.041

IOP (mm-Hg) 14.88±2.58 15.07±3.96 14.72±3.20 14.64±2.95 *Group1-Control: 0.671

      *Group2-Control: 0.420

      *Group3-Control: 0.709

Duration of  MS disease (years) 9.94±6.65 9.48±6.75 9.48±6.75 - -

*: Generalized estimating equation (GEE);  a type I error level of 0.05 was used for statistical significance; +: Chi-square test; BCVA: Best-corrected visual acuity; 
IOP: Intraocular pressure; MS: Multiple sclerosis.

Table 1. Demographic details, ophthalmic findings, and disease duration in the study groups
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as cell synapses of amacrine-bipolar-ganglion cells. The INL 
consists of the cell body and nuclei of bipolar cells in addition 
to the nuclei of amacrine cells and oval nuclei of Muller cells. 
Axons of rods and cones join to bipolar cell dendrites at the 
OPL. Fibers of horizontal and bipolar cells are also present 
in this layer; fibers extend at the macula area and the Henle 
fiber layer consists of these fibers. This layer is the most vul-
nerable to exudation and hemorrhage due to its position on 
the side of the retinal circulation (12,13). The ONL consists 
of the nuclei of photoreceptors. The photoreceptor layer is 

a complicated retinal layer in which chemical reactions and 
electrical connections related to vision take place. The RPE 
is made up of a single layer of pigmented hexagonal cells be-
tween the retina and the choroid.

In our study, we found thinning of the inner retinal lay-
ers in eyes with a history of optic neuritis. We attribute 
this thinning to retrograde transsynaptic neurodegenera-
tion following optic neuritis damage. Optic neuritis, which 
is caused by severe inflammation, is seen as retrobulbar 
neuritis, especially in patients with MS, and as a result, it 

Table 2. Comparison of the mean retinal layer thickness in the central, parafoveal, and perifoveal rings as measured using spectral-domain 
optical coherence tomography in the study groups and the control group

  Group 1 Group 2 Group 3 Group 4 (Control)   p*

Central (µm)     p1 p2 p3 p4 p5

RNFL 10.12±3.12 9.64±2.13 9.28±2.36 11.60±2.64 0.225 0.047 0.183 0.512 0.704

GCL 11.09±3.74 10.42±2.79 10.86±2.73 13.33±5.34 0.195 0.089 0.372 0.733 0.836

IPL 17.75±3.88 17.00±2.00 17.53±2.52 20.27±4.48 0.103 0.036 0.142 0.805 0.397

INL 15.87±6.72 17.02±4.31 15.14±4.02 16.87±5.26 0.551 0.738 0.409 0.746 0.109

OPL 23.75±7.47 26.64±7.51 24.57±8.28 22.74±5.23 0.592 0.163 0.471 0.607 0.431

ONL 88.69±11.56 83.50±13.29 89.42±9.69 90.13±10.93 0.592 0.074 0.673 0.698 0.113

RPE 16.18±2.24 16.07±1.94 15.71±1.60 15.93±1.33 0.755 0.882 0.836 0.704 0.862

Photo-RPE 87.31±6.22 86.36±2.76 86.86±3.98 85.80±4.11 0.490 0.795 0.708 0.895 0.805

Inner (parafoveal) Ring (μm)    

RNFL 20.70±3.02 20.00±2.02 20.21±2.33 21.90±11.61 0.206 0.024 0.120 0.719 0.799

GCL 43.91±6.73 38.91±7.86 43.10±8.24 52.73±3.51 0.041 <0.001 0.035 0.850 <0.001

IPL 37.51±4.85 35.51±4.24 37.00±4.71 42.33±2.91 0.012 <0.001 0.040 0.775 0.150

INL 40.80±4.86 40.96±4.31 37.79±1.91 41.03±3.07 0.833 0.894 0.158 0.281 0.259

OPL 33.57±4.06 36.19±2.73 34.64±6.19 31.30±3.34 0.860 0.106 0.198 0.700 0.418

ONL 69.45±8.51 70.04±5.63 73.11±5.06 71.10±6.96 0.588 0.701 0.592 0.403 0.507

RPE 14.62±1.32 14.17±1.36 13.86±1.36 14.05±1.54 0.316 0.405 0.927 0.292 0.310

Photo-RPE 81.43±2.46 80.34±1.88 80.32±2.23 78.44±2.05 0.060 0.089 0.193 0.388 0.926

Outer (perifoveal) Ring (μm)    

RNFL 32.95±5.92 28.87±5.14 32.61±4.28 35.02±3.21 0.807 0.039 0.231 0.736 0.124

GCL 34.35±3.05 31.46±3.55 34.14±4.46 37.95±2.98 0.038 <0.001 0.044 0.484 0.185

IPL 27.56±2.40 27.26±2.66 27.16±2.38 30.20±2.18 0.023 0.020 0.025 0.499 0.841

INL 34.39±2.56 35.11±3.83 33.21±1.51 34.35±2.07 0.914 0.671 0.380 0.125 0.113

OPL 28.11±1.89 27.91±1.80 28.46±2.25 27.18±1.43 0.185 0.338 0.171 0.524 0.472

ONL 56.30±6.88 58.96±5.82 59.96±5.17 58.10±5.10 0.431 0.874 0.662 0.192 0.723

RPE 13.09±1.03 13.41±0.91 12.89±1.33 12.67±1.06 0.287 0.169 0.650 0.593 0.369

Photo-RPE 78.02±2.44 77.92±1.29 77.21±2.10 76.38±2.31 0.393 0.150 0.841 0.509 0.581

*: Generalized estimating equation; a type I error level of 0.05 was used for statistical significance; p1: Group 1 and control group, p2: Group 2 and control group, 
p3: Group 3 and control group, p4: Group 1 and Group 3, p5: p values occurred after comparison of Group 2 and Group 3. GCL: Ganglion cell layer; INL: Inner 
nuclear layer; IPL: Inner plexiform layer: ONL: Outer nuclear layer; OPL: Outer plexiform layer; Photo-RPE: Photoreceptor retinal pigment epithelium complex; 
RNFL: retinal nerve fiber layer.
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has been found that it may irreversibly lead to a decrease 
in visual acuity and a thinning in the inner retinal layers. 
We also found thinning of the GCL and the IPL in the MS 
patient eyes without a history of optic neuritis and without 
eye involvement. This thinning was only seen in the para-
central and peripheral rings. It may be due to the fact that 
the central papillomacular bundle of RNFL may be more 
resistant to damage. Also, MS is a multisystemic disease 
and may cause subclinical damage to the optic nerve and 
optic nerve-associated retinal layers before causing optic 
neuritis.

Reduction of the thickness of retinal layers in eyes with 
a history of optic neuritis has been well-established (27-
30). Daldal et al. (31) found that the RNFL thickness in 26 
MS patients with a history of optic neuritis was substan-
tially lower than that of MS patients without optic neuri-
tis and a healthy control group. Garcia-Martin et al. (32) 
found that all of the retinal layers except the inner limiting 
membrane of 204 MS patients were thinner than those of 
healthy individuals. In a study reported by Saidha et al. (33) 
using the layer analysis of 146 MS patients, it was found that 
the GCL+IPL, RNFL+GCL+INL, and INL+OPL values were 
lower than the equivalent values in healthy individuals. Be-
hbehani et al. (34) found that the RNFL, GCL, IPL, and INL 
layer thickness of 226 eyes of 113 MS patients was signifi-
cantly lower than the control group measurement. In an-
other study, Fernandes et al. (35) observed that the RNFL, 
GCL, IPL, and INL layer thickness of 262 eyes of 131 MS 
patients was lower than that of the control group. Buttanri 
et al. (36) found that the ganglion cell complex consisting of 
the RNFL, GCL, and IPL, of 84 MS patients was substantial-
ly thinner than those of healthy patients (Table 3). Our re-
sults were similar, which we believe can be credited to the 
fact that optic neuritis and eye involvement before optic 
neuritis are phenomena that involve ganglion cells and their 
extensions in retrograde transsynaptic neurodegeneration. 
The RNFL, GCL, and IPL layers are affected in this process 
(Fig. 4). In our study, the neurology clinic treated all of the 
MS patients with fingolimod, glatiramer acetate, or inter-
feron beta-1a drugs, which led to a low mean number of 
relapses (4.84±2.38 attacks). MS attacks include more than 
just those due to optic neuritis. MS has many forms of at-
tack with various symptoms, such as numbness, weakness, 
inability to urinate, and gait disturbance. There was only 1 
optic neuritis attack among patients in group 2. We believe 
that the layer thinning was limited in the inner layers due 
to the low attack rate of the MS patients with regular fol-
low-ups and treatment. Garcia-Martin et al. (32) reported 
outer layer involvement in MS, which we thought may have 
been due to the 34.8% of the patient group who were un-
treated and had recurrent optic neuritis. Ta
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One or more optic neuritis attacks can occur in MS pa-
tients (37–39). Furthermore, optic neuritis attacks may also 
be seen in the fellow eye at the same or different times 
(13,39,40). Although there have been many clinical studies 
of the eyes of MS patients with the history of optic neuritis, 
there are only a few studies that have included the fellow eye 
of MS patients with a history of optic neuritis (41). Although 
the RNFL, GCL, and IPL thicknesses were lower in group 3 
compared with group 1 in our study, this result was not sta-
tistically significant. We believe that this thinning seen with-
out optic neuritis was due to the fact that MS is a chronic 
multisystem neurodegenerative disease. According to these 
findings, patients with a history of optic neuritis should be 
followed up closely for both eyes.

Interestingly, the RNFL, GCL, and IPL differences be-
tween group 2 and 3 were not statistically significant in 
most areas. Our results indicated that although the RNFL, 
GCL, and IPL layer thicknesses were lower in group 2 than 
in group 3, only the difference in parafoveal GCL thickness 
was statistically significant. The reason for this may be that 
optic neuritis sequelae mostly involve the GCL layer and 
cause damage. The lack of a statistically significant difference 
between groups in the fovea region was due to the absence 
or excessive thinness of the inner retinal layers in the fovea 
and adjacent fovea. It is not yet known why retinal thinning 

takes place in the parafoveal and perifoveal regions, especially 
the parafoveal region. Also, there is no completely satisfacto-
ry pathophysiological explanation of the observed selective 
changes in these inner retinal layers.

The main limitations of this study are the small sample 
size, the retrospective design, and the inclusion of only 1 
type of MS (relapsing-remitting). We suggest that additional 
studies with a larger patient group with longer follow-up pe-
riods and other MS types should be performed.

In conclusion, this study demonstrated that MS affects 
retinal layer thickness, and the inner layers in particular. 
Another result of this study indicating that analysis of the 
ganglion cell complex of the inner retinal layers with SD-
OCT for early monitoring of axonal damage and neurode-
generation in MS patients may be an important tool, as we 
observed thinning in eyes without an optic neuritis history. 
These findings may be useful in further understanding the 
pathophysiology of MS and developing different treatment 
strategies. Additional studies with large case series includ-
ing other subtypes of MS and long follow-up periods are 
needed.
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Figure 4. Differences were observed in the thickness of the retinal nerve fiber layer (RNFL), the 
ganglion cell layer (GCL) and the inner plexiform layer (IPL) when compared with an eye from group 
4 (control group): (a) An eye with a history of optic neuritis; (b) Spectral-domain optical coherence 
tomography segmentation analysis.
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