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Evaluation of changes in retinal nerve fiber layer thickness and visual
functions in cases of optic neuritis and multiple sclerosis

Rohit Saxena, Gopal Bandyopadhyay, Digvijay Singh, Sumit Singh', Pradeep Sharma, Vimla Menon

Context: Retinal nerve fiber layer (RNFL) thinning has been demonstrated in cases of optic neuritis (ON)
and multiple sclerosis (MS) in Caucasian eyes, but no definite RNFL loss pattern or association with visual
functions is known in Indian eyes. Aim: To evaluate RNFL thickness in cases of ON and MS, and to correlate
it with visual function changes in Indian patients. Settings and Design: Cross-sectional case-control study
at a tertiary level institution. Materials and Methods: Cases consisted of patients of (i) typical ON without
a recent episode (n = 30:39 ON eyes and 21 fellow eyes), (ii) MS without ON (n = 15;30 eyes) while the
controls were age-matched (n = 15; 30 eyes). RNFL thickness was measured using the Stratus 3°CT. The
visual functions tested included the best-corrected visual acuity (BCVA), contrast sensitivity, stereopsis,
visual evoked responses, and visual fields. Statistical analysis used: Intergroup analysis was done using
ANOVA and Pearson’s correlation coefficient used for associations. Results: RNFL thickness was reduced
significantly in the ON and MS patients compared to the controls (P-0.001). Maximum loss is in the temporal
quadrant. Lower visual function scores are associated with reduced average overall RNFL thickness. In
ON group, RNFL thinning is associated with severe visual field defects while contrast sensitivity has
strongest correlation with RNFL in the MS group. Conclusions: RNFL thickness is reduced in ON and
MS cases in a pattern similar to Caucasians and is associated with the magnitude of impairment of other
visual parameters. Contrast sensitivity and stereoacuity are useful tests to identify subclinical optic nerve
involvement in multiple sclerosis.
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Multiple Sclerosis (MS) is a demyelinating relapsing remitting
inflammation and although sparing of axons is typical, indirect
evidence suggests that axonal loss is the major cause of
irreversible neurological disability.l! Axonal loss has also been
documented in optic neuritis (ON) by demonstrating Retinal
Nerve Fiber layer (RNFL) thinning on Optical Coherence
Tomography (OCT). OCT changes have been previously
studied in cases of MS, and RNFL loss has been documented
in Caucasian eyes.® However, literature is lacking in studies,
which have correlated these RNFL changes to visual function
changes, and no study has comprehensively examined this
aspect in the setting of multiple sclerosis or optic neuritis.
Also, no study has examined the pattern and nature of loss of
RNFL in Indian eyes and its association with visual functions.
Therefore, in this study, we intend to evaluate the RNFL
changes in cases of MS and ON in India and correlate these
with visual function changes.

Materials and Methods

A cross-sectional study was conducted at a tertiary care
ophthalmology and neurology setup in India after prior
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approval from the institutional review board. The sampling
frame consisted of patients recruited from the outpatient
department who met the study criteria.

The subjects were divided into three groups with the
following respective inclusion criteria. The first group consisted
of 30 consecutive patients who had past history of typical optic
neuritis, but had not had an attack in the preceding one month.
The second group consisted of 15 patients with diagnosed MS
on the basis of the revised McDonald’s criteria, who were not
having optic nerve involvement.l”! The third group consisted of
15 disease-free controls, who didn’t have any history of ocular
or neurological disease. Patients with

co-morbid ocular conditions (not related to MS) likely to
affect visual function parameters, and patients where a reliable
OCT could not be performed by virtue of being uncooperative
or unwilling were excluded from the study.

All enrolled patients underwent a detailed history, ocular
and neurological examination and investigations to guage
visual functions. Best-corrected visual acuity was recorded
on the ETDRS chart under standard illumination. Contrast
sensitivity was measured by the Pelli-Robson chart; stereoacuity
by the TNO stereotest, visual evoked response (Pattern\ Flash)
was performed using the Nicolet Gansfield stimulator, and
visual fields were recorded by the Humphrey automated
perimetry using HVF 24-2 SITA standard protocol. The RNFL
thickness was measured using the optic nerve cube program
on the Stratus 3°CT in the four quadrants i.e. superior, nasal,
inferior, and temporal. OCT scans with signal strength above
7 were acceptable for analysis else they were repeated.
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Analysis was done using SPSS version 15 (SPSS Inc.,
Chicago, IL, USA) and Stata 8.0 (StataCorp LP, College
Station, TX, USA) using appropriate tests. Parametric and
Non-Parametric tests (T-test and Mann Whitney U) were used
for intergroup comparison while the Pearson’s correlation
coefficient was derived for examining intergroup associations.
Multivariate analysis was done wherever deemed appropriate.

Results

Thirty cases of ON, 15 cases of MS (30 eyes), and
15 controls (30 eyes) were enrolled in the study. Nine of the
30 cases of ON had bilateral symptoms, resulting in 39 ON
eyes and 21 fellow eyes. The demographic profile of both
the ON and MS group show a female predominance and is
depicted in Table 1. The groups are well-matched with no
statistically significant difference between the groups regarding
demographics.

In the optic neuritis group, the mean time interval
between an acute attack and the conduct of the study was
6.2 + 3.3 months.

The visual functions, RNFL thickness measurements, and
comparison of the four groups, namely optic neuritis eyes, eyes
of patients with multiple sclerosis, fellow eyes of optic neuritis
patients, and normal controls are depicted in Table 2. The optic
neuritis group has significantly worse visual acuity, contrast
sensitivity, and a more severe visual field affliction than the
fellow eyes or normal controls while the VER amplitude was
lower and the VER latency delayed in comparison to the normal
controls. There is no statistically significant difference between
the optic neuritis and multiple sclerosis groups for any of these
parameters even though none of the MS patients had history of
optic neuritis. The multiple sclerosis group has a significantly
worse contrast sensitivity, stereoacuity, lower VER amplitude
and delayed VER latency and more severe visual field affliction
than the normal controls. An intergroup analysis for each of
the visual function parameters is depicted in Table 2.

The mean RNFL thickness, both the average and the
quadrant-wise thickness are depicted in Table 2. The average
and quadrant-wise RNFL thickness of the optic neuritis
subgroup is significantly thinner than the normal controls.
Conversely, there is no significant difference between the
RNFL thickness of the optic neuritis group from the fellow eyes
and the multiple sclerosis groups. The RNFL of the multiple
sclerosis groups is different from the normal controls being
thinner in each of the quadrants and the average mean. An
intergroup analysis is depicted in Table 2.

Associations were tested between the RNFL changes
and visual functions for the subgroups using the Pearson’s
correlation coefficient [Tables 3 and 4]. In the optic neuritis
group [Table 3], the average RNFL thickness has significant
correlations with VER (amplitude), VER (latency) and also
HVEF-24-2 visual fields, although of a mild to moderate strength.
In a multivariate analysis, only the association with HVF-24-2
visual fields was significant (P = 0.049). When a quadrant-wise
analysis was done, the RNFL thickness of the superior
quadrant has significant correlation with VER (latency) with
a thinner RNFL mirroring a delayed latency. No other visual
parameter correlated significantly. The RNFL thickness of the
inferior and temporal quadrants have significant correlation

with VER (amplitude) and HVF-24-2 visual fields each,
of which, only the association with visual fields remains
significant in a multivariate analysis for each of these two
quadrants (P = 0.038 each). The RNFL thickness of the nasal
quadrant did not have significant correlation with any of the
visual parameters in our study. RNFL loss was not found to
be predictive of visual acuity or higher visual functions such
as contrast sensitivity or stereopsis.

The multiple sclerosis group has more and stronger
correlations between the RNFL and visual function parameters.
[Table 4] The average RNFL thickness had significant and
strong correlation with contrast sensitivity, stereoacuity,
VER (amplitude), VER (latency), and HVEF-24-2 visual fields.
In a multivariate setting, the contrast sensitivity and VER
latency continued to have significant correlations [P =0.01 and
P =0.029, respectively]. The RNFL thickness of the superior
and inferior quadrants mirrors the correlations of the average
RNFL. For both the superior and inferior quadrant, only the
association with contrast sensitivity remains significant during
a multivariate analysis [P = 0.01 and P = 0.035, respectively].
The RNFL thickness of the temporal quadrant had significant
correlation with stereoacuity, VER latency, and HVEF-24-2 visual
fields, of which, only the association with stereoacuity remains
significant in a multivariate analysis [P = 0.017]. The RNFL
thickness of the nasal quadrant has significant correlation with
VER latency and HVF-24-2 visual fields, of which VER latency
is significantly correlated in a multivariate setting [P = 0.02].
There is no significant association with visual acuity for either
of the quadrants or the average RNFL thickness.

Discussion

The demographic profile of our study population is in
accordance to that noted in previous OCT studies in
literature.*®!

The optic neuritis group has shown poorer vision than either
the fellow eye or controls indicating that even though visual
acuity is expected to recover in cases of optic neuritis, there is
aresidual loss of vision which is significant in the Indian eyes.
The difference in visual acuity between the MS groups and
the normal control group was not statistically significant due
to the fact that the patients of multiple sclerosis at enrollment
had no history of ocular involvement. It is also pertinent to
note that despite vision being normal in the multiple sclerosis
group in comparison to the optic neuritis group, this does not
rule out subclinical involvement, which is demonstrated by
the other visual parameters showing subnormal values. Thus,
while visual acuity can be used to distinguish optic neuritis
from the normal, it is not a relevant parameter to differentiate
multiple sclerosis from the normal. Our study detected a

Table 1: Depicting demographic profile of the subgroups

Parameter  Normal ON MS P value
(intergroup)
Age
Mean 24.93+8.26 27.37+11.13 29.47+8.78 0.17
Sex(%)
Male 8 (53.33) 9 (30) 5(33.33) 0.086
Female 7 (46.67) 21 (70) 10 (66.67)
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Table 2: Depicting visual function changes and RNFL changes in various subgroups along with significance of the

differences

Parameter Normal ON Fellow MS P value Controls
controls (MeanxSD) eye of ON (Mean+SD) vis
(Mean:SD) N=39eyes (MeanzSD) N=30eyes ANOVA ONv/s MSvis ON ONvis (5,
N=30 eyes N=21 eyes controls controls v/s Fellow eye
MS eye
Visual functions
BCVA (LogMAR)) 0.0+0.0 0.2+0.032 0.02+0.014 0.01+0.055 <0.001 <0.001 0.043 0.359 <0.001  0.001
Contrast sensitivity 1.605+0.069 1.308+0.297  1.50+0.174 1.29+0.32 <0.001 <0.001 <0.001 0.815 0.007  0.001
(units)
Stereopsis 58+7.61 420+19.04 NA 528+23.5 0.002 <0.001 <0.001 0.296 NA NA
(seconds of arc)
VER (amplitude) 11.6+1.24 7.82+2.3 9.93+1.171 7.83+2.44 0.048 <0.001 <0.001 0.982 0.152 0.29
(milliseconds)
VER (latency) 106.67+3.66 118.79+14.96 105.81+10.539 122.2+10.17 0.011 <0.001 <0.001 0.265 0.261 0.002
(microvolts)
HVF 24-2mean -3.79+0.19  -7.99+0.21 -4.092+0.29 -9.51+0.90 0.002 <0.001 <0.001 0.305 0.038 0.188
deviation: Decibels)
Optical coherence
tomography (RNFLT)
Average 101.09+17.42 80.72+18.18 99.53+13.26 83.21+15.97 <0.001 <0.001 <0.001 0.961 0.149 0.62
Superior 132.33+15.42 105.21+26.30 127.57+21.95 106.77+17.92 <0.001 <0.001 <0.001 0.771 0.952 0.06
Nasal 88.93+22.18 69.82+22.55 78.71+19.202 66.23+12.4  0.012 0.001 <0.001 0.613 0.608 0.69
Inferior 118.3+12.51  98.23+29.2 113.81+19.737 108.73+19.14 <0.001 <0.001 0.026 0.555 0.126 0.01
Temporal 68.2+10.89  49.82+20.34 64.81+14.586 51.27+12.84 0.001 <0.001 <0.001 0.827 0.086 0.45

RNFL: Retinal nerve fiber layer, SD: Standard deviation, BCVA: best-corrected visual acuity

Table 3: Depicting the association between OCT RNFL with visual function parameters in eyes with optic neuritis (pearson’s
correlation coefficient

Parameter
(RNFL)

BCVA

Contrast
sensitivity

Stereoacuity

VER
(amplitude)

VER
(latency)

Visual fields
(HVY24-2)

Average
Superior
Inferior

Nasal
Temporal

Not significant
Not significant
Not significant
Not significant
Not significant

Not significant
Not significant
Not significant
Not significant
Not significant

Not significant
Not significant
Not significant
Not significant
Not significant

r=0.379, P=0.017
Not significant
r=0.314, P=0.05

Not significant
r=0.525, P=0.001

r=-0.403, P=0.011

r=-0.450, P=0.004
Not significant
Not significant
Not significant

r=0.394, P=0.014
Not significant

r=0.386, P=0.017
Not significant

r=0.385, P=0.017

RNFL: Retinal nerve fiber layer, OCT: Optical coherence tomography, VER: Visual evoked response

Table 4: Depicting the association between OCT RNFL with visual function parameters in eyes of patients with multiple
sclerosis (pearson’s correlation coefficient)

Parameter
(RNFL)

BCVA

Contrast
sensitivity

Stereoacuity

VER
(amplitude)

VER
(latency)

Visual fields
(HVY24-2)

Average
Superior
Inferior

Nasal
Temporal

Not significant
Not significant
Not significant
Not significant
Not significant

r=-0.705, P<0.001

r=0.789, P=0.001

r=0.681, P=0.001
Not significant
Not significant

r=-0.669, P<0.001
r=0.593, P=0.001
r=0.622, P=0.001
Not significant
r=-0.625, P<0.001

r=-0.584, P=0.001

r=0.497, P=0.005

r=0.508, P=0.004
Not significant
Not significant

r=0.787, P<0.001
r=-0.547, P=0.002
r=-0.636, P=0.001
r=0.517, P=0.003
r=-0.529, P=0.003

r=-0.788, P<0.001
r=0.513, P=0.004
r=0.694, P<0.001

r=0.374, P=0.042
r=-0.621, P=0.001

RNFL: Retinal nerve fiber layer, OCT: Optical coherence tomography, VER: Visual evoked response

significant difference between contrast sensitivity values of
the ON/MS and control groups, which is in accordance to large

cross-sectional and longitudinal studies.!'*"! Therefore, contrast
sensitivity could be used to identify subclinical optic nerve

involvement in cases of multiple sclerosis while in cases of optic

neuritis, it would be important to evaluate contrast sensitivity
along with visual acuity for follow up after recovery.!'s

The stereoacuity in case of optic neuritis and multiple

sclerosis is also found to be significantly lower than that of
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controls. While vision is subnormal in optic neuritis and may
have an effect on stereoacuity, subnormal stereoacuity in
cases of multiple sclerosis having normal vision may indicate
subclinical optic nerve involvement in such cases. This aspect
has not been examined in previous literature.

The visual evoked response (VER) in the optic neuritis
patients and in multiple sclerosis patients showed decreased
amplitude as well as increased latency in comparison to the
controls. The increase in latency seen in demyelinating diseases
is due to the impaired saltatory conduction and the consequent
reduction in the speed of transmission of nerve impulses. The
decreased amplitude points to the actual decrease in number
of axons carrying the impulses, possibly secondary to axonal
loss in optic neuritis and multiple sclerosis patients.

The visual fields in case of optic neuritis and multiple
sclerosis also showed a higher mean deviation as compared to
controls. The visual field correlated strongest with RNFL loss
in optic neuritis patients and is indicative of a post-neuritic
sequelae, possibly due to a permanent damage to the axons
reflected in the thinned RNFL.

The RNFL thickness was measured using the Stratus 3 OCT,
which has been shown to give a reproducible, quantitative,
and objective measurement of the RNFL thickness.53' The
RNFL thickness measured by OCT also showed a significant
thinning in the average value and each of the four quadrants in
both optic neuritis and multiple sclerosis patients as compared
to normal controls. The validity of the RNFL readings can be
confirmed by the fact that the mean of the average RNFLT in
the controls was comparable to that found in normal Indian
eyes in previous studies.'>' Indian eyes tend to have a thinner
RNFL as compared to the East Asians and Hispanics though it
is thicker than the Caucasian eyes.”*!

The thinning of retinal nerve fiber layer was noted more in
cases of optic neuritis than in cases of multiple sclerosis though
no statistically significant difference was observed between the
two groups. The finding of significant RNFL thinning in MS
corroborates with earlier studies carried out by Fisher ef al.
and Pueyo et al. in MS patients without ON.[*”! Costello F et al.
showed in their study on optic neuritis patients that there was
significant RNFL thinning in the clinically affected eyes.®! In
our study, both in the ON and the MS groups, the maximum
thinning was found to be in the temporal quadrant indicative
of affliction of the papillomacular bundle. It has been proven
in Caucasian populations that thinning of the temporal
quadrant is most prominent and this agrees our finding in
Indian eyes.["%?

In a quadrant-wise analysis, our study has shown an
association of various visual function parameters with RNFL
thickness. Of these, understandably, the VER latency was the
commonest correlate in both the ON and MS groups. In the
multiple sclerosis group, contrast sensitivity was a correlate
with RNFL loss after correcting for other visual function
parameters. This indicates that visual dysfunction may develop
independent of direct optic nerve affliction in the past or
reversible.

In cases of ON, out of the RNFLT of the four quadrants, the
RNFLT of the temporal quadrant had significant correlation
with maximum number of parameters (two) and the RNFLT
of the nasal quadrant had no correlation with any visual

function parameter. It has been shown in a previous study
that the earliest significant inter—eye differences manifested in
the temporal quadrant, though it was not examined whether
the RNFLT of the temporal quadrant correlated with visual
functions.™® In MS, there was an overall thinning of all four
RNFL quadrants and each independently correlated with one
or more of the visual parameters with the superior and inferior
quadrant having the maximum correlates. This is in consistency
with a previous study on multiple sclerosis patients, which
have observed diffuse thinning and correlation of structural
abnormalities of the RNFL with functional assessment of the
opticnerve.[! While quadrant-wise analysis has to be cautiously
interpreted, the average RNFLT which had significant
correlation with the maximum number of visual parameters
is certainly predictive of altered visual functions. Visual acuity
was not found to be associated with RNFL changes, but this is
probably biased by the fact that the visual acuity of all cases
was normal or near normal.

To conclude, the RNFL thickness in the eyes of patients with
optic neuritis as well as in the eyes of patients with multiple
sclerosis without optic neuritis was significantly reduced when
compared to controls. Further, the average RNFL thinning
and quadrantic thinning significantly correlated with visual
function parameters, which depend upon the structural axonal
damage. RNFL measurement by OCT can possibly quantify the
axonal loss taking place in the visual system in Indian eyes in
a manner similar to the Caucasian patients and prognosticate
visual outcome. Contrast sensitivity and stereoacuity are
useful tests to identify subclinical optic nerve involvement in
multiple sclerosis.
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