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ABSTRACT
We aimed to assess the visual fields and optical coherence tomography (OCT) measurements in 
patients with multiple sclerosis (MS) to detect subclinical visual system disease. The study included 
15 MS patients with previous optic neuritis (Group I), 17 MS patients without previous optic neuritis 
(Group II), and 14 healthy controls (Group III). Each subject underwent standard automated 
perimetry (SAP), frequency doubling technology perimetry (FDTP), and OCT. The mean deviation 
of SAP in Group I was lower than those in Groups II (p = .018) and III (p = .001). The pattern standard 
deviation of SAP in Group I was higher than those in Group III (p < .0001). The mean deviation of 
FDTP in Groups I and II was lower than those in Group III (p = .0001 and p = .016, respectively). The 
temporal quadrant of the retinal nerve fibre layer in Group I was thinner than those in Groups II and 
III (p = .005 and p = .003, respectively). The mean macular volume in Group I was thinner than those 
in Groups II and III (p = .004 and p = .002, respectively). A single method is inadequate for 
establishing early and/or mild visual impairment in MS. All conventional and non-conventional 
techniques are complementary in demonstrating subclinical visual damage in MS.
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Introduction

Visually symptomatic multiple sclerosis (MS) pro
vides only a modest amount of information to assist 
in our understanding of the disease.1 When an 
abnormality of the visual system such as optic 
neuritis (ON) or cranial nerve palsy occurs in MS, 
an irreversible neurodegenerative cascade has 
already begun.2–4 Recently, researchers have con
centrated their efforts on diagnosing MS cases in 
the subclinical period.1,5

Conventional psychophysical techniques are still 
valid for detecting visual neuronal damage in 
MS.3,4,6 However, these approaches frequently fail 
to uncover clinically meaningful findings until neu
ronal impairment exceeds a certain threshold. Non- 
conventional functional approaches and analysis of 
the retinal nerve fibre layer (RNFL) thickness 
(RNFLT) are two potential strategies for overcom
ing this limitation of conventional MS follow-up 
procedures.7,8 While frequency doubling technol
ogy perimetry (FDTP) has been shown to be effec
tive at detecting early neuronal damage in 
glaucoma, its usefulness in neurological diseases is 

debatable.9 According to a number of researchers, 
FDTP is as sensitive as standard automated peri
metry (SAP) in detecting ON-related nerve damage 
in MS patients, while others assert that it is insuffi
cient for identifying nerve damage.5,10 To gain 
a better understanding of this contentious situa
tion, the present study evaluated conventional and 
non-conventional perimetry, as well as optical 
coherence tomography (OCT), for the assessment 
of subclinical neuronal damage in MS patients.

Materials and methods

This cross-sectional and comparative study was 
consistent with the Declaration of Helsinki and 
approved by the Ethics Committee for Clinical 
Studies of Hacettepe University, Faculty of 
Medicine (2020/14-36). Informed consent was 
obtained from the participants.

According to the revised McDonald criteria,11 MS 
was diagnosed by the researchers (BK, BA, and CI). 
The study included patients with MS independent of 
disease duration, disease-specific therapies, or clinical 
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phenotype (relapsing remitting, secondary progres
sive, and primary progressive). A history of previous 
ON was determined by the participant and the phy
sician’s report. Thirty-two eyes from 32 patients diag
nosed with MS were divided into two groups: patients 
with a previous history of ON (Group I, 15 patients) 
and patients without a previous history of ON (Group 
II, 17 patients). There were 42 MS patients at the 
beginning of this study. However, 10 MS patients (6 
without ON and 4 with ON) were excluded since they 
were unable to complete all of the tests. A control 
group (Group III) consisted of 14 eyes from 14 
healthy subjects. The control group was selected 
from patients with refractive errors or from health- 
care staff. The control group was not recruited from 
the patients’ family members due to the fact that 
asymptomatic family members of MS patients are 
also known to have magnetic resonance imaging 
(MRI) and cerebrospinal fluid abnormalities sugges
tive of MS at varying rates.1 Patients with any neuro
logical or inflammatory systemic disease or ocular 
condition such as amblyopia, any refractive error 
more than three dioptres, macular degeneration, or 
glaucoma were excluded from the study due to the 
possibility of affecting the perimetry and RNFLT test 
results.

To eliminate bias, the study included one eye 
from each participant. In Group I, data were 
collected from the eye with previous ON or 
from the right eye if the patient had had bilat
eral ON. Although perimetry and RNFL results 
of fellow eyes of MS patients with previous ON 
have been found to be similar to those of MS 
without ON,12 our study excluded fellow eyes of 
Group I from being included in Group II to 
ensure the study’s reliability. Data were obtained 
from the Group II and III participants’ left eyes 
only.13 To minimise the potential RNFL oedema 
associated with acute ON, patients with acute 
ON episodes that persisted or occurred within 
1 month prior to assessment were excluded from 
the study.

All participants underwent the following con
secutive ophthalmological and psychophysical 
tests: assessment of best corrected Snellen visual 
acuity (BCVA) and colour vision (CV) using 
Ishihara colour plates; examination of the ante
rior segment and measurement of intraocular 
pressure; perimetry with SAP and FDTP; fundus 

examination; and RNFL assessment with OCT. 
All subjects had their pupils dilated with 1% 
tropicamide prior to fundus examination 
and OCT.

Perimetry

SAP was performed with a Humphrey Field 
Analyser II 750 (Carl Zeiss Meditec Inc., Dublin, 
CA, USA) with a 30–2 Swedish Interactive 
Thresholding Algorithm (SITA) standard strategy 
using a white Goldman size III stimulus. FDTP was 
performed with a Humphrey Matrix Visual Field 
Instrument (Carl Zeiss Meditec Inc., Dublin, CA, 
USA) using a 30–2 FDTP threshold strategy. If the 
SAP or FDTP was not reliable (fixation losses, false- 
positive or false-negative results more than 33%), 
the test was repeated. The study included only 
patients with reliable test results. The mean devia
tion (MDSAP and MDFDTP) and pattern standard 
deviation (PSDSAP and PSDFDTP) values were com
pared between the groups.

Retinal nerve fibre layer analysis

StratusTM third-generation time-domain (TD) OCT 
(Carl Zeiss Meditec Inc., Dublin, CA, USA) was used 
to assess the RNFLT. A certified technician per
formed all OCT scans in the study. High-quality 
OCT data were collected by minimising signal 
strength mistakes and unnecessary/missing scans.14 

Data were obtained using the fast RNFL and fast 
macular thickness protocols. RNFL images were 
acquired by the RNFLT 3.4 acquisition protocol 
and macular thickness maps were acquired by the 
fast macular thickness map protocol of the OCT. 
Scans with a signal strength of ≥8 (maximum 10) 
were included in the analysis. The average (average 
for 360° around the optic disc) RNFLT (RNFLTavg); 
the thickness of the superior (RNFLTS), inferior 
(RNFLTI), temporal (RNFLTT), and nasal 
(RNFLTN) quadrants; foveal thickness; and total 
macular volume were compared between the groups.

Statistical analysis

The data were analysed using the Statistical Package 
for the Social Sciences for Windows, version 25 
(SPSS, Chicago, IL, USA). The chi-square test was 
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used to detect any relationship between categorical 
variables. For independent samples, the Tukey hon
est significant difference test was used to determine 
the difference between groups. A two-tailed value 
of p < .05 was considered to be significant.

A post hoc power analysis was conducted using 
the software package G*Power 3.1.9.7 to assess the 
difference between three independent group means 
using a one-way ANOVA test, an effect size of .55, 
and an alpha of .05. The results indicated that 
a total of 46 participants, divided into groups of 
14, 15, and 17, achieved a power of .88.

Results

The three groups were similar in terms of age 
(p = .193) and gender (p = .243) distribution. The 
patient characteristics and ophthalmological find
ings are summarised in Tables 1 and 2.

Table 3 presents the perimetry data for SAP and 
FDTP and the results of comparisons between the 
groups.

Table 4 summarises the comparisons of RNFL 
and foveal thickness, and macular volume measure
ments between the groups.

Discussion

The current study sought to determine which 
ophthalmological approach was more sensitive in 
detecting subclinical visual involvement in MS. 
Based on the results of this study, it seems that 
FDTP may be more sensitive than SAP in detecting 
initial visual field (VF) damage in visually asympto
matic MS patients regardless of ON history. There 
are conflicting results in the literature on the 

appraisal of neuro-ophthalmological diseases such 
as MS with FDTP. Sisto et al. claimed that the mag
nocellular subgroup of retinal ganglion cells was not 
impaired in MS patients, but even if it was, they 
provided limited evidence in MS, as FDTP was 
unable to isolate the function of these cells due to 
the patients’ substantial VF deficits.5 The magnocel
lular cell subgroup is known to be present in 3–5% of 
the retina, and FDTP is a specific test that mainly 
isolates this group of cells.15 Corallo et al. highlighted 
how the fewer fibres in this ganglion cell system 

Table 2. Ophthalmological data for the multiple sclerosis 
patients.

Group I 
n (%)

Group II 
n (%)

Abnormal brain MRI 15 (100%) 17 (100%)

Oligoclonal bands in the CSF 15 (100%) 17 (100%)

BCVA 20/20 11 (73.4%) 17 (100%)
20/25 2 (13.4%) -
20/50 1 (6.6%) -

20/200 1 (6.6%) -
Colour vision 12/12 13 (86.7%) 17 (100%)

<4/12 2 (13.3%) -
VEP Normal 9 (60%) 17 (100%)

Abnormal 6 (40%) -
ON episodes/year < 2 7 (46.7%) -

≥ 2 8 (53.3%) -
OD pallor Present 6 (40%) -

Absent 9 (60%) -

BCVA = best corrected visual acuity; CSF = cerebrospinal fluid; 
MRI = magnetic resonance imaging; OD = optic disc; ON = optic neuritis; 
VEP = visual evoked potentials. 

Group I: Multiple sclerosis patients with a history of optic neuritis 
Group II: Multiple sclerosis patients with no prior history of optic neuritis.

Table 3. The comparison of visual field indices between the groups.

Visual field 
indices (dB)

Group I 
(n = 15) 

Mean SD (range)

Group II 
(n = 17) 

Mean SD (range)

Group III 
(n = 14) 

Mean SD (range) p1 p2 p3

MDSAP −9.69 SD 8.08 (−24.1 to −0.74) −4.34 SD 4.08 (−14.41 to 0.43) −1.73 SD 1.02 (−3.29 to 0.01) .018 .001 .350
PSDSAP 6.63 SD 3.81 (1.93 to 12.21) 3.71 SD 3.13 (1.22 to 12.23) 1.77 SD 0.32 (1.31 to 2.49) .159 < .0001 .159
MDFDTP −6.5 SD 5.16 (−14.16 to 0.95) −4.3 SD 4.5 (−11.05 to 1.66) 0.18 SD 2.5 (−3.41 to 5.69) .313 < .0001 .016
PSDFDTP 4.09 SD 1.7 (2.45 to 7.55) 4 SD 1.35 (2.5 to 7.07) 2.98 SD 0.51 (2.19 to 3.82) > .05 > .05 > .05

FDTP = frequency doubling technology perimetry, MD = mean deviation; PSD = pattern standard deviation; SAP = standard automated perimetry, 
SD = standard deviation. 

Group I: Multiple sclerosis patients with a history of optic neuritis 
Group II: Multiple sclerosis patients with no prior history of optic neuritis 
Group III: Healthy control subjects 
p1: Comparison of Groups I and II; p2: comparison of Groups I and III; p3: Comparisons of Groups II and III.

Table 1. Demographic data for the study groups.
Group I Group II Group III p value

Gender 13 F, 2 M 11 F, 6 M 12 F, 2 M 0.243
Age in years 
(range)

37 SD 11.8 
(22 to 56)

33 SD 7.8 
(24 to 48)

40 SD 12.4 
(19 to 59)

0.193

F = female; M = male; SD = standard deviation 
Group I: Multiple sclerosis patients with a history of optic neuritis 
Group II: Multiple sclerosis patients with no prior history of optic neuritis 
Group III: Healthy control subjects
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meant the VF loss manifested earlier.10 Additionally, 
they contended that FDTP was more sensitive than 
SAP in detecting early VF defects. The contribution 
of the present study to the literature is consistent 
with this view. Merle et al. also maintained that 
FDTP is equally sensitive as SAP in MS patients 
with subclinical optic nerve damage, but not more 
so.16 The authors of this study believed that when 
used in conjunction with other conventional tests, 
FDTP may be effective in diagnosing subclinical 
visual involvement in MS patients without a history 
of ON, but not alone.

Neuro-ophthalmologists generally rate SAP as 
the gold standard approach for VF evaluation.17 

However, in contrast to FDTP, the functions of 
the different retinal ganglion cells are not specifi
cally evaluated with SAP.10 Thus, it is thought that 
in the presence of mild neuronal damage, VF 
impairment can be missed, as healthy retinal gang
lion cells mask the damaged cells.10 This hypothesis 
was supported by the fact that no significant differ
ence was found in patients without an ON episode 
by SAP in the present study. We suggest that SAP 
alone might be of little benefit for MS patients with 
early-stage axonal degeneration and no history 
of ON.

Psychophysical tests have certain disadvantages. 
The learning effect, attention factor, and likelihood 
of patients getting bored have an impact on the rate 
at which reliable test results are obtained.18 Sessions 
with reliability indices above 33% are usually not 
accepted. In our study, tests were repeated in the 
event of 10% false-positive or false-negative rates 
and/or 10% losses of fixation. The strategy selected, 
the duration of the test, and the current visual field 

deficiencies of the patients are further factors influ
encing the test results.19 FDTP is faster and easier to 
perform than SAP; thus, the test results are less 
affected by patient factors such as boredom, learn
ing, and attention. In view of the fact that MS 
patients are frequently subjected to these tests, 
regardless of their history of ON, the positive con
tribution of a test that can be performed more 
quickly and more easily in the clinic is indisputable. 
In addition, if consideration is given to the possi
bility of cognitive functions affected in MS,20 an 
easy-to-learn and easy-to-use screening test will 
facilitate the work of both the clinician and the 
patient. The present study utilised the Central 30– 
2 threshold SITA-standard strategy for SAP and the 
Central 30–2 frequency doubling technology 
threshold strategy for FDTP. The mean time 
taken in the study was 8 (standard deviation [SD] 
1.9) minutes for SAP and 6.3 (0.4) minutes for 
FDTP (p = .001). FDTP therefore had a shorter 
test duration than SAP, which may make it simpler 
for patients with MS to adjust to psychophysical 
examinations that require a lot more attention.

The ocular system has long been a focus of 
research into the neurodegenerative processes asso
ciated with MS. Due to the presence of axons in the 
ganglion cells that comprise the optic nerve and the 
absence of myelin, the RNFL resembles a component 
of the central nervous system. In MS, optic nerve 
demyelination results in retrograde axon degenera
tion. Due to the fact that these axons originate from 
retinal nerve fibres, this process results in the thin
ning of the RNFL. OCT is an objective, quick, non- 
invasive, office-based imaging technology that 
enables objective quantification of retinal structures 

Table 4. Results of optical coherence tomography and comparisons between the groups.

OCT parameters

Group I 
(n = 15) 

Mean SD (range)

Group II 
(n = 17) 

Mean SD (range)

Group III 
(n = 14) 

Mean SD (range) p1 p2 p3

RNFLTavg (μm) 96.3 SD 21 (63.72 to 129.72) 107.3 SD 11.7 (83.46 to137.10) 109.5 SD 8.5 (92.7 to 124.68) .097 .051 .914
RNFLTT (μm) 56 SD 20.5 (30 to 100) 76 SD 17.4 (39 to 111) 77.8 SD 10.8 (60 to 98) .005 .003 .947
RNFLTN (μm) 77.7 SD 21.5 (46, 121) 83.4 SD 15.7 (55, 115) 89 SD 16.3 (68, 130) .654 .230 .675
RNFLTI (μm) 124.3 SD 24.3 (85 to 170) 138.7 SD 21.2 (105 to 201) 136.4 SD 11.8 (120 to 261) .118 .247 .946
RNFLTS (μm) 116.7 SD 28.9 (70 to 168) 131.3 SD 15.7 (100 to 157) 134.8 SD 15.6 (108 to 162) .133 .063 .889
Foveal thickness (μm) 193 SD 17 (159 to 216) 198.5 SD 17.4 (174 to 245) 204.6 SD 23.8 (161 to 239) .702 .251 .661
Macular volume (mm3) 6.82 SD 0.36 (6.39 to 7.46) 7.22 SD 0.34 (6.62 to 7.85) 7.27 SD 0.3 (6.85 to 7.81) .004 .002 .893

OCT = optical coherence tomography; RNFLT = thickness of retinal nerve fibre layer – avg = average, T = temporal quadrant, N = nasal quadrant, I = inferior 
quadrant, S = superior quadrant; SD = standard deviation. 

Group I: Multiple sclerosis patients with a history of optic neuritis 
Group II: Multiple sclerosis patients with no prior history of optic neuritis 
Group III: healthy control subjects. 
p1: Comparisons of Groups I and II; p2: Comparisons of Groups I and III; p3: Comparisons of Groups II and III.
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at high resolution, including estimation of the thick
ness of the peripapillary RNFL and total macular 
volume.

OCT technology has made tremendous strides 
over the last two decades. The technological break
through that began with third-generation TD-OCT 
culminated with the invention of fourth-generation 
spectral domain (SD) OCT. Numerous investiga
tions have established that SD-OCT provides 
quicker axial scanning rates, higher axial resolu
tion, and improved repeatability when compared 
to earlier third-generation TD-OCT technology.21 

However, these promising advances in OCT may 
create uncertainty in the evaluation of longitudinal 
data, which is critical in the management of chronic 
neurodegenerative illnesses like MS.22 The initial 
research on RNFL in MS used TD-OCT. Various 
prior studies have demonstrated a reduction in 
RNFLTavg in MS patients relative to healthy con
trols, independent of the ON episode evaluated 
with TD-OCT.8,23–25 However, SD-OCT is cur
rently used for a variety of measurements. With 
this discovery, the debate over the interchangeabil
ity of TD-OCT and SD-OCT results has arisen. 
According to studies, measurements of RNFLT in 
MS patients demonstrate substantial correlations 
between the values obtained using the two imaging 
approaches.26 Bock et al. evaluated the SD-OCT 
and TD-OCT imaging techniques in patients with 
MS and discovered a high association between the 
two. However, absolute measurements of the RNFL 
using TD-OCT and SD-OCT equipment were 
markedly different. SD-OCT measures were “thin
ner” than TD-OCT at higher RNFL values and 
“thicker” at lower RNFL values.27 Several investiga
tions comparing RNFLT values in SD-OCT and 
TD-OCT have revealed similar results.28 As 
a result of these studies, it has been concluded 
that while TD-OCT is as reliable as SD-OCT in 
detecting RNFL changes caused by MS, the findings 
obtained from the two devices should not be used 
interchangeably due to major discrepancies in the 
measurements.21 Because some individuals did not 
have SD-OCT data, TD-OCT results were used in 
our study to ensure that all data were comparable.

In contrast to our study, numerous earlier inves
tigations have indicated a decrease in RNFLT in MS 
patients compared with healthy controls, regardless 
of ON episode.29–31 Additionally, the smallest 

RNFLT values have been reported in eyes pre
viously affected by ON.12,32 However, even without 
a history of an acute ON episode, pathological 
examinations have revealed a reduction in retinal 
ganglion cell axons in the eyes of patients with 
MS.33 Moreover, neuropathologically, this axonal 
damage and loss may be extensive in chronic MS 
lesions.34 Although eyes with a history of acute ON 
in MS exhibit the highest reduction in RNFLT, 
certain investigations have shown that OCT can 
identify anterior visual pathway axonal loss in the 
absence of these episodes.25,29 In our study, we 
observed that the RNFLTavg was lower in MS 
groups than in healthy controls, but this difference 
was not statistically significant. We reasoned that 
such a finding might be due to a variety of factors. 
Talman et al. reported that a longer follow-up per
iod was associated with a greater degree of RNFL 
thinning in MS with and without ON and that each 
1-year follow-up period resulted in an average 
2.0 µm reduction in RNFLT.31 They contended 
that increasing RNFL thinning occurs over time in 
MS.31 Due to the cross-sectional nature of our 
study, we would have missed the effect of follow- 
up time on RNFLT that Talman et al. reported.31 

The disease duration in eyes with a history of ON in 
MS has been demonstrated to be significant in 
determining RNFL thinning following an acute 
ON episode.31 Again, in the study by Talman 
et al., the median (minimum – maximum) disease 
duration of their MS patients was 9 (<1 – 46) 
years.31 The mean ± SD (median; minimum – max
imum) disease duration in our study was 4.4 ± 4.02 
(3; <1 – 12) years for Group I and 4.08 ± 4.9 (1.5; 
<1 – 12) years for Group II. Due to the short period 
of disease in our MS patients, the RNFL values may 
differ from those reported in the literature. The 
majority of studies included patients at least 
3 months after the episode of ON to limit tissue 
oedema that may persist following an ON 
episode.32,35,36 Given that our study included 
patients at least 1 month after the ON episode, 
this might account for the absence of a significant 
reduction in RNFLT in the MS group with ON. 
Costello et al. also confirmed this hypothesis.37 

They observed that 2 years following an ON epi
sode, RNFLTavg was significantly reduced in MS 
patients. They discovered a significant drop only in 
RNFLT within the first 2 years. As also 
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demonstrated in our study, RNFLT reduction in MS 
has been reported in the literature. While Pro et al. 
ascribed this observation to interstitial oedema in 
other sectors (nasal, inferior, and superior),38 

Sergott et al. indicated that the most affected 
nerve fibres in MS during an ON episode were the 
papillomacular bundle fibres.39 Apart from the 
temporal sector, there are studies demonstrating 
disparities in other sectors. Parisi et al. reported 
that the RNFLTT was retained.23 Fisher et al., on 
the other hand, noted that the sectoral difference 
between groups with and without ON was lowest in 
the nasal quadrant.25 Besides this, some researchers 
believe that there is a possibility that retinal gang
lion cell loss occurs in the macula as a result of 
RNFL axon loss in MS.24 Macular volume and 
thickness measurements on OCT can be used to 
detect this loss. The macular volume measurement 
involves all neural retinal tissue, including the ret
inal ganglion cell layer and the RNFL. Studies in 
which macular volume was also assessed in the 
literature have demonstrated a decrease in total 
macular volume in MS patients.24,31,40 Recent 
years have seen a greater understanding of the 
impact of retinal ganglion cell degeneration in 
MS, owing to thorough segmentation of retinal 
layers using ultra high-resolution OCT.41 Saidha 
et al. revealed that visual impairment in MS was 
more closely associated to average macular thick
ness measurements than to RNFLT measurements, 
implying that the macula may be impacted prefer
entially in MS.41 Burkholder et al. also demon
strated an association between decreased macular 
volume and visual impairment, cortical lesion 
volume or number, and grey matter atrophy on 
MRI, as well as increasing levels of disability.40 In 
our study, a reduction in total macular volume was 
observed in MS with ON patients before any 
change in RNFL thickness. Our MS patients in 
total had a mean disease duration of 4.27 
(4.35) years. Additionally, MS with ON patients 
were included from the first month of the ON 
episode. In our study, the macular volume appeared 
to diminish shortly after an ON episode (1 - 
3 months) but before the RNFLT was impaired.

There are some limitations to our study. The first 
was the small number of participants. A larger 
number of participants may have changed the sta
tistical results and enabled us to make healthier 

recommendations for the selection of psychophysi
cal tests. The second was the absence of contrast 
acuity or sensitivity visual function tests. It has been 
shown that low contrast letter acuity (Sloan charts) 
and contrast sensitivity (Pelli-Robson charts) have 
the greatest capacity to detect visual impairment in 
MS patients.25 The third was that high-resolution 
SD-OCT was not used in RNFL or macular volume 
assessments. It has been found that SD-OCT pro
vides faster axial scan rates, higher axial resolution, 
and better repeatability than TD-OCT.21

In conclusion, there is no gold standard 
strategy for diagnosing and monitoring visual 
involvement in MS from an ophthalmological 
standpoint. Indeed, a single approach is fre
quently insufficient to demonstrate mild visual 
impairment in MS. All approaches, including 
novel functional techniques and structural ana
lysis, should be used more frequently by neuro- 
ophthalmologists to aid in unravelling the 
enigma of axonal degradation in MS. FDTP 
should be considered in addition to SAP for 
assessing subclinical visual system involvement.
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