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Anatomical and
functional retinal
changes in multiple
sclerosis

Abstract

Aims The aims of this study was to report
anatomical changes of the ganglion cell
complex (GCCQ), retinal nerve fiber layer
(RNFL) thickness, and macular volume in
patients with multiple sclerosis (MS). We also
investigated the correlation between
anatomical and functional changes in terms
of visual acuity and macular sensitivity
investigated and visual fields.

Methods Prospective comparative study
included 105 eyes of 53 consecutive patients.
The patients were divided into two groups:
group A included 56 eyes of 28 patients with
diagnosis of MS; group B involved 49 eyes of
25 healthy patients. The examination included
Goldmann tonometry, biomicroscopic and
fundus oculi examination, retinography,
GCC examination, circumpapillary RNFL
(cpRNFL), and macular volume. The
functional test included measurement of
best-corrected visual acuity (BCVA), visual
field, and MP.

Results MS group showed a significant
reduced GCC, cpRNFL, macular volume,
BCVA, visual field, and macular sensitivity
compared with the control group (P <0.001).
This reduction was more representative
(P<0.001) in patients with MS complicated
by optic neuritis (ON). We found in the MS
group a strong correlation between GCC
thickness and macular volume (+*=0.59,

P <0.001) and also between GCC and RNFL
thickness (+*=0.48, P<0.001). There was also
a correlation between macular sensitivity and
macular volume reduction (+**=0.25, P <0.001)
and also between RNFL and macular volume
(** =0.43, P<0.001).

Conclusions The significant statistical
evidence and the strong correlation between
anatomical and functional parameters support
the use of OCT and MP in the evaluation,
treatment, and follow-up of patients
diagnosed with MS.
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Introduction

Multiple sclerosis (MS) is a chronic,
demyelinating, and inflammatory disease of the
central nervous system (CNS) that mainly affect
young adults. Along with the inflammatory
processes, MS is characterized by a wide
neurodegeneration, with axonal loss and
neuronal rarefaction.!=

Acute optic neuritis (ON) is also a common
feature of MS and it is the first clinical
manifestation in ~20% of patients affected by
MS.12 Spectral-domain optical coherence
tomography (OCT) offers a unique opportunity
for sensitive monitoring of anatomical changes
of axonal and neuronal loss.”® The objective of
this study was to report anatomical changes of
the ganglion cell complex (GCC), retinal nerve
fiber layer (RNFL) thickness, and macular
volume in patients with MS. We also
investigated the correlation between SD-OCT
structural changes and functional changes in
terms of visual acuity and macular sensitivity,
investigated with visual fields (VFs) and
microperimetry (MP).

Materials and methods
Study design

Prospective comparative study included, from
June 2012 to July 2013, 105 eyes of 53 consecutive
patients. The study was performed in
accordance with the ethical standards stated in
the Declaration of Helsinki and approved by the
institutional review board. The patients were
followed in collaboration with the Eye clinic and
Neurological Clinic, University of Naples
‘Federico II'. Each patient signed an informed
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consent. The study has received no grant support from
any agency.

Participants

The patients were divided into two groups: group A
included 56 eyes of 28 patients, ranging from 19 to 58
years (mean 35.64, SD 10.68), with diagnosis of MS
according to the McDonald criteria;? group B involved 49
eyes of 25 healthy patients, ranging from 22 to 43 years
(mean 35.98, SD 6.02). Between 25 healthy patients, 1 eye
was excluded for previous local eye injuries. Table 1
describes demographical data of study patients. The eyes
of group A were further divided into two groups: eyes
with history of ON and eyes with no history of ON.
Twelve out of 56 eyes (21%) in group A presented with a
history of ON. A history of ON was recorded in the
presence of an acute relapse lasting more than 24 h and
associated with decreased high-contrast letter acuity, pain
with eye movement, color desaturation, and/or VF
abnormalities, with or without optic nerve swelling or
enhancement visualized by magnetic resonance imaging.
The exclusion criteria were the presence of congenital eye
diseases, previous episodes of ON occurred in the
3 months before the examination, previous episodes of
inflammation of the optic nerve because of other diseases,
tobacco and/or addiction alcoholism, glaucomatous optic
neuropathy, ocular media opacities, high myopia, and
pre-existing macular disease. All controls, group B, had a
best-corrected visual acuity (BCVA) equal to 20/20 and a
refractive spherical equivalent error between +2.00 and
—2.00 diopters. No significant differences were found in
age between patients and the control group. All patients
and all healthy controls underwent a collection of
personal and family history, a complete neurological
examination with evaluation of EDSS (Expanded
Disability Status Scale), and an eye examination

The eye examination included Goldmann tonometry
(AT900; Haag-Streit, Koeniz, Switzerland),
biomicroscopic and fundus oculi examination,
retinography, GCC examination, circumpapillary RNFL

Table 1 Characteristics of the study population

Group A Group B
Multiple Multiple Control
sclerosis with sclerosis without ON
ON

Participants (no.) 12 16 25
Eyes (no.) 24 32 49
Age (years) 3290+9.75 35.64 +10.68 34.98 +£6.02
Male/female 2/10 9/7 15/14
Mean EDSS 2.86+1.82 2.18+1.23 —
IOP (mm Hg) 16.18 +2.35 1542 +2.64 15.58 +2.39
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(cpRNFL), and macular volume. The functional test
included measurement of visual BCVA, VF, and MP. The
pharmacological mydriasis (minimum 5 mm pupil
diameter) was obtained with one drop of tropicamide 1%
and one drop of phenylephrine 2.5% at least 15 min before
the SD-OCT and MP examination. For each patient, all
exams were performed in a single day and by two
operators.

Examination

Visual acuity We measured according to the Early
Treatment Diabetic Retinopathy Study chart, which was
converted to a logarithm of the minimum angle of

resolution (logMAR) for statistical analysis.'?

SD-OCT GCC and cpRNFL thickness were evaluated by
RTVue-100 OCT (Optovue Inc., Fremont, CA, USA;
software version 4.0.5.39). RTVue-100 OCT acquires
26 000 axial scans (a-scans) per second and has a
5-um-depth resolution (full-width half-maximum) in
tissue. The optic nerve head map protocol was applied to
evaluate the cpRNFL. This protocol generates a cpRNFL
thickness map based on measurements obtained along a
circle 3.45 mm in diameter centered on the optic disc. The
GCC protocol was used to determine the GCC and
macular thickness. Image quality was carefully checked
after each acquisition: images were not used when the
signal strength was <40, there was the presence of a
misalignment of the surface detection algorithm, or there
was an obvious decentration of the measurement circle.
The fundus was well illuminated, the ring scan was
correctly centered, and the measurement beam was placed
centrally; red lines for detection algorithm correctly
identified the superior and inferior RNFL border for ring
scans and the retinal borders for volume scans.!!
Pharmacological dilatation was performed in all
subjects to ensure optimal image quality and to permit
careful retinal segmentation. The photographers rejected
scans with motion artifacts (discontinuous jump). The
GCC thickness was measured from the internal limiting
membrane to the outer boundary of the inner plexiform
layer. Controls were obtained averaging, over seven
examinations, both the mean values of GCC thickness and
of cpRNFL in the contralateral eyes. The ratio of the
affected eye measurement to the contralateral eye
measurement was evaluated at each session.

Microperimetry Fundus-related microperimetry (MP-1;
Microperimeter Nidek Technologies, Padua, Italy) was
performed on all eyes using the NAVIS software version
1.7.2 (Microperimeter Nidek Technologies).®%11-13 Briefly,
we used the following setting in this study: a fixation
target consisting of a red ring 2° in diameter; white,
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monochromatic background at 4 asb, stimulus size
Goldman IIT with 200 ms projection time; customized
radial grid of 61 stimuli covering the central 10° (centered
on the fovea); stimuli were projected randomly onto the
0°, 30°, 60°, 90°, 120°, and 150° axes, 1° apart. A 4-2-1
double staircase strategy was used with an automatic
eye tracker that compensates for eye movements.

To evaluate the clinical correspondence between
microperimetric data and retinal details, functional
results were displayed onto a color digital retinograph,
acquired by the charge-coupled device color camera

of the microperimeter.

Visual field The VF examination was performed with a
computerized automatic static perimeter (HFA; Swedish
Interactive Thresholding Algorithm (SITA) standard;
Carl Zeiss Meditec Inc., Dublin, CA, USA). The luminance
of the background is 31.5asb with a Stimulus IIT white/
white. The threshold strategy examines 24° field of view
on 54 points (test SITA standard 24-2).* The points are
spaced from each other by 6°. The VF is considered
reliable when fixation losses were <20%, and false-
positive and false-negative errors <15%. The average
sensitivity was calculated by the software and expressed
as the MD (mean deviation) and PSD (pattern standard
deviation).

Statistical analyses
using the Statistical Package for Social Sciences (version
15.0 for Windows; SPSS Inc., Chicago, IL, USA). The two-
tailed unpaired T-test was used to evaluate differences
between controls and MS and between MS eyes with and
without ON. The considered parameters were mean GCC
thickness, global loss volume (GLV) and focal loss volume
(FLV), cpRNFL, macular volume, macular sensitivity, and
MD-HVF, PSD-HVF.

Furthermore, in the control group and MS group,

Statistical analysis was performed

Pearson's correlation coefficients (r values), linear
regression, and determination coefficient () were

calculated between BCVA (logMAR) and mean GCC
thickness; BCVA (logMAR) and macular sensitivity
between macular sensitivity and macular volume and
also between RNFL and macular volume. A P-value of
<0.05 was considered statistically significant.

Results

Twenty-eight patients (17 females, 11 males, mean age
35.64 +10.68 years) with 56 total eyes examined were
included in the study. Twelve eyes of MS patients
had ON.

EDSS disability score was 2 (range 0—4). The control
group was composed of 25 patients (14 females, 11 males,
mean age 34.98 +6.02 years) with 49 total eyes. The
characteristics of both groups are summarized in Table 1.

Anatomical outcomes

In the MS group, GCC thickness was significantly
reduced comparing with control eyes (86.73 +10.25 vs
98.89 +4.65 um, P-value <0.001); this reduction was more
representative in ON eyes (79.9 +9.68 vs 98.89 +4.65 ym,
P-value <0.001). Also, other parameters considered, FLV
and GLV, had significant reduction in the MS group
(P-value <0.001) (Table 2). In the MS group, the cpRNFL
was reduced when compared with the control group
(94.86 +11.64 vs 109.77 +19.54 ym, P-value <0.001).
Once again, the reduction was more representative in
ON eyes (87.84 +10.95 ym vs 109.77 +19.54 ym,
P-value <0.001) (Table 2). Furthermore, in the MS group,
macular volume was reduced in study patients
(6.98 +0.34 vs 7.22 +0.23 mm?, P-value =0.005). In ON
eyes, macular volume was even thinner than the control
group (6.76 +0.21 vs 7.22 +0.23 mm?, P-value <0.005).
Finally, comparing eyes with the absence or presence of
ON, there were a significant statistical difference in GCC
thickness (86.73 +10.25 vs 79.9 +9.68 um, P-value <0.05),

Table 2 GCC thickness, cpRNFL thickness, MV, MS and automated perimetry®

Control MS without MS with ON P-value MS P-value
(mean = SD) ON (mean + SD) (mean + SD) without ON MS with ON

BCVA (log MAR) 0+0 0.05+0.10 0.08+0.16 <0.001 <0.001
Avg GCC (um) 98.89 +4.65 86.73 +10.25 79.9+9.68 <0.001 <0.001
FLV (%) 041+0.42 2.99 +£4.05 5.96 +3.56 <0.001 <0.001
GLV (%) 3.02+2.08 12.28 +8.98 18.8+7.41 <0.001 <0.001
Macular volume (mm?®) 7.22+0.23 6.98 +0.34 6.76 +0.21 0.005 <0.005
RNFL average (um) 109.77 £19.54 94.86 +11.64 87.84 +10.95 <0.001 <0.001
Macular sensitivity (dB) 19.49+0.31 1717 +2.24 16.55+2.04 <0.001 <0.001
MD-HVF (dB) 0.08+1.13 -1.32+2.44 -2.26+2.86 0.004 <0.005
PSD-HVF (dB) 1.42+0.6 2.69+1.72 2.88+1.69 <0.001 <0.001

Abbreviations: cpRNFL, circumpapillary retinal nerve fiber layer; GCC, ganglion cell complex; MS, macular sensitivity; MV, macular volume; ON, optic
neuritis. “In the control group, eyes vs eyes with MS without optic neuritis and vs eyes with MS with ON.
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FLV (2.99 +4.05 vs 5.96 +3.56 ym, P-value <0.05), GLV
(12.28 +8.98 vs 18.8 +7.41 ym, P-value <0.05). (Table 3).

Functional outcomes

In MS group, the mean BCVA was 0.05+0.10 logMAR
and IOP was 15.27 +2.24 mm Hg, whereas the MS-ON
group presented mean BCVA of 0.08 +£0.16 logMAR and
a IOP of 16.18 +2.35 mm Hg.
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Macular sensitivity was statistically significantly
reduced in MS patients when compared with the control
group (17.17 +2.24 vs 19.49 +0.31 dB, P-value <0.001).
This reduction was more representative in ON eyes
(16.55+2.04 vs 19.49 + 0.31 dB, P-value <0.001). We also
found central fixation in 49 eyes (87.50%) and eccentric
fixation in 4 eyes (7.14%) with ON. (Figure 1).

Compared with the control group, the automated
perimetry in the MS group revealed a reduction both in
MD (-1.32 +2.44 vs 0.08 +1.13 dB, P-value =0.004)

Table 3 GCC thickness, cpRNFL thickness, MV, MS, and automated perimetry®

MS without ON (mean + SD) MS with ON (mean + SD) P-value
BCVA (logMAR) 0.05+0.10 0.08+0.16 >0.05
Avg GCC (um) 86.73+10.25 79.9+9.68 <0.05
FLV (%) 2.99 +£4.05 5.96 +3.56 <0.05
GLV (%) 12.28 +8.98 18.8 +7.41 <0.05
Macular volume (mm?) 6.98 +0.34 6.76 +0.21 <0.05
RNFL average (um) 94.86 +11.64 87.84+10.95 0.066
Macular sensitivity (dB) 1717 +2.24 16.55+2.04 >0.05
MD-HVF (dB) -1.32+2.44 -226+2.86 >0.05
PSD-HVF (dB) 2.69+1.72 2.88 +1.69 >0.05

Abbreviations: cpRNFL, circumpapillary retinal nerve fiber layer; GCC, ganglion cell complex; MS, macular sensitivity; MV, macular volume; ON, optic

neuritis. “In eyes with and without ON.
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Figure1 The figure shows an initial form of MS in patient with a slight decrease of macular sensitivity (a) associated with a decrease of
the RNF layer (b), GCC (c and d) thickness, and VF (e). The figure also show another patient affected by MS with a slight decrease of
macular sensitivity (f) associated with a significant decrease of RNFL (g) and GCC (h and j) thickness and slight changes in VF (i).
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and PSD (2.69+1.72 vs 1.42 + 0.6 dB, P-value <0.001); in
the MS-ON group, all eyes had a more significant
MD reduction (-2.26 + 2.86 vs 0.08 +1.13 dB,
P-value <0.005).

Furthermore, eyes with ON did not show a significant
statistical reduction of functional parameters when
compared with eyes without ON.

Correlations

Finally, we found in the MS group a strong correlation
between GCC thickness and macular volume (r*=0.59,
P<0.001) and between GCC and RNFL thickness
(*=0.48, P<0.001) (Figure 2).

There was also a correlation between macular
sensitivity and macular volume reduction (r*=0.25,
P <0.001) and also between RNFL and macular volume
(r*=0.43, P<0.001).

Discussion

Our study evaluated both anatomic and functional
features in patients with MS using SD-OCT and MP,
looking closely to the correlation between ON damage
and macular changes. In the previous study, Shindler
et al'? demonstrated the progressive apoptosis of retinal
ganglion cells after an acute episode of ON in murine
models.2 On the other hand, in 2011, Quinn et al®
demonstrated the apoptosis of retinal ganglion cells also
in the absence of acute inflammation of optic nerve after
induction of autoimmune encephalomyelitis in the
murine model; the authors suggested that it could be
leaked to a specific genetic pattern or to the oxidative
stress.

In 2010, Green et al* demonstrated the reduction both of
GCC and inner nuclear layer (INL) thickness in 82
patients with MS; they also found the complete absence of
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inflammation cells in the INL and supposed it was related
to the effect of a retrograde transynaptic degeneration.
The authors also proposed the presence of a not-identified
virus, which could determinate an autoimmune
response.4 In 2013, Kaushik ef al® demonstrated the
relationship between retinal ganglion cell loss and
changes of INL in ON, demonstrating that INL
enlargement in MS-related ON is associated with the
severity of GCC loss. It has also been reported that the
RNFL thickness and the macular volume with OCT is
helpful to investigate the real axonal damage because this
measurement is not altered by the process of
demyelination, which MS patients are involved in.°

In 1999, Parisi et al” demonstrated a reduction of RNFL
thickness in patients with MS and acute episodes of ON.
Costello et al® in 2006 suggested that this reduction of
RNFL thickness is about 1040 um in 6 months after ON.
Other authors confirmed that the axonal loss, evaluated as
RNFL thickness reduction, is related with visual
dysfunction and could be used as a global measurement
of disability in patients with MS.!2716 Pulicken et al'7 in
2007 demonstrated that the RNFL thickness was more
reduced in patients with secondary progressive MS than
in relapsing-remitting MS; this suggested that RNFL
thickness could represent a marker of progression of the
disease.

In 2005, Trip et al'® verified the correlation between RNFL
thickness reduction and macular volume reduction in eyes
with and without ON; they suggested that in MS there is a
retrograde axonal degeneration with a loss of retinal
ganglion cells and a consequent macular volume reduction.

In 2012, Zimmerman et al'? investigated the association
of white and grey matter brain volume with peripapillary
RNFL and GCC in MS patients with and without a
history of ON, demonstrating that both parameters of
neuroaxonal damage are comparably linked to whole
brain as well as white and grey matter atrophy. At same
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Figure 2 The figure shows the regression line of correlation between GCC thickness and macular volume in the MS group (a). The
figure (b) also shows the regression line of correlation between GCC and RNFL thickness in the MS group.
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time, Tétrai et al?® evaluated the macular morphology in

MS patients with OCT; they found a reduction of RNFL,
GCC, and inner plexiform layer thickness in eyes of MS
patients regardless of previous ON, underlining the
important role in the diagnosis and follow-up of this
pathology. By this point of view, the modern FD-OCT,
owing to computerized retinal segmentation algorithms,
will continue to facilitate the detection of GCC and
macular volume as demonstrated in many recent
studies.?!?2

In 2007, Romano et al*> documented a loss of sensitivity
in the macular region of the eye of MS patient with ON,
demonstrating that the MP could be an interesting tool to
evaluate the macular and peripapillary region. The author
reports the efficacy of MP-1 in detecting early neuronal
damage as the changes in macular sensitivity, even before
BCVA decreases. Furthermore, the association of
fundus photography and tracking system allows us to
focus on the macula area to test the exact same
points at each follow-up, as an useful tool to study
the subclinical form of ON monitor the systemic
treatment of MS.23

In the current study, we documented a significant
reduction of GCC thickness, RNFL thickness, and
macular volume when compared with the control group.
We also found a significant reduction of macular
sensibility in patients with MS and ON. Finally, our
results demonstrate a strong correlation between macular
sensibility and macular volume and also between macular
sensibility and GCC and RNFL thickness. We also found
a stronger reduction of GCC thickness in patients with
eccentric fixation (GCC average <80 um). We believe that
our significant statistical evidence and the strong
correlation between anatomical and functional
parameters support the use of OCT and MP in clinical
trial measures of patients diagnosed with MS.

Summary

What was known before
® MS induces anatomical and functional changes of the GCC
retinal nerve fiber thickness. We report statistical evidence
and strong correlation between anatomical and functional
parameters, supporting the use of OCT and MP in the
evaluation, treatment, and follow-up of patients
diagnosed with MS.

What this study adds
® Statistical evidence and strong correlation between
anatomical and functional changes detected with OCT and
MP in patients affected by MS.
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