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Choroidal Thickness in Multiple Sclerosis:
An Optical Coherence Tomography Study
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Background and Purpose To identify changes in the choroidal thickness (CT) in multiple
sclerosis (MS) patients with and without optic neuritis (ON) using enhanced-depth-imaging
optical coherence tomography (EDI-OCT).

Methods This cross-sectional study included 96 eyes with MS and 28 eyes of healthy controls.

Aldo Vagge™” All participants underwent an ophthalmologic examination and EDI-OCT scanning (Spec-
Antonio Uccelli®* tralis, Heidelberg Engineering, Germany) to assess the CT and the retinal nerve fiber layer
Cordano Christian® (RNFL) thickness. MS patients were divided into two groups: 1) with and 2) without a histo-

ry of ON. The CT was evaluated in the fovea and at six horizontal and six vertical points at
500, 1,000, and 1,500 pm from the fovea. Paired t-tests were used to compare the groups, and
p-value<0.05 was considered as significant.

:fy: E'Ili'r‘:i:" Dega’m]e'l‘t o‘i Neurgscie:ce, Results Atall 13 measurements points, the CT was thicker in MS patients than in the healthy
ehabfitation, Lpninaimology, >enetics, controls and was thinner in eyes with ON than in the contralateral eyes, but these differences

Maternal and Child Health (DINOGMI), L. L. . . . .
University of Genoa, Genoa, ltaly were not statistically significant. However, the CT was always larger in all points in eyes with a

®San Martino IRCCS Policlinic Hospital, history of ON than in the control eyes. The RNFL was significantly thinner (p<0.05) in both
Genoa, Italy. MS and ON eyes than in the control eyes.

‘N logic Clini q 5 5 . N
eurologic +nIc, Conclusions The CT did not differ between MS and control eyes, but it was significantly larger
Department of Neuroscience,

Rehabilitation, Ophthalmology, Genetics in patients with a history of ON, in whom the RNFL was thinner. Further studies are necessary

Maternal and Child Health (DINOGMI) to establish the possible role of the choroid in MS.
and Center of Excellence

for Biomedical Research (CEBR),
University of Genoa, Genoa, Italy
YUCSF Weill Institute for Neurosciences,
Department of Neurology,

University of California, San Francisco,
San Francisco, CA, USA

Carlo E Traverso®
Michele lester*®

Keywords choroidal thickness; optical coherence tomography (OCT); multiple sclerosis;
optic neuritis.

INTRODUCTION

Multiple sclerosis (MS) is an autoimmune disorder that affects the central nervous system,
and is characterized by demyelination and neurodegeneration."” Studies show that this
immune-mediated process leads to vascular dysregulation with a high prevalence of vaso-
spastic factors.” In its most common presentation, MS is characterized by episodes of
neurologic dysfunction and relapses, often followed by the progressive accumulation of

) ' disability.*®
Egizzd ﬁgﬁirﬁ;ozz; 2021 Several studies of MS patients have identified retinal structural changes using optical co-
Accepted  November 24, 2021 herence tomography (OCT), which is a noninvasive imaging technique used to investigate
Correspondence the retina to assess the retinal nerve fiber layer (RNFL), ganglion cell inner plexiform layer,
Michele Iester, MD, PhD and inner nuclear layer in patients with or without a clinical history of optic neuritis (ON).*"

EYE Cbliilr'ltict)'DePSrt}I:ﬁ:f Ofll\leurgSCiei{ce’ OCT generates high-resolution images of the retina based on the interference patterns gen-
enabilitation, mology, senetics, . .
Maternal and Chﬁd Health (gNOGMI), erated by the light reflected by the retinal layers themselves, and can be used to assess the

University of Genoa, thickness of these layers.
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Genoa 16132, Ttaly Enhanced-depth-imaging (EDI) OCT (EDI-OCT) provides insight into the layers un-
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der the retina, and has made it possible to evaluate the as-
pect of the choroid and its thickness, yielding new research
approaches for normal and pathologic choroid processes. A
few studies have focused on the choroidal vessels, which could
be altered due to the vascular dysregulation associated with
MS."#20 The present study aimed to measure the choroidal
thickness (CT) values in MS patients with and without a clini-
cal history of ON, and compare them with a healthy control

group.

METHODS

This cross-sectional study included MS patients recruited be-
tween November 2016 and March 2017. This study protocol
was approved by the appropriate IRB (CER liguria: 144/2021)
and conducted in accordance with the Declaration of Hel-
sinki. All patients submitted informed consents about free to
use of the data obtained for clinical purpose.
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Fig. 1. Horizontal (A) and vertical (B) macular and choroidal scans with thickness measurements in a right eye. The green line is manually positioned
on the fovea, and the yellow lines indicate measurements of the choroidal thickness.
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We included patients with a clinical diagnosis of MS, ac-
cording to the 2010 McDonald criteria, based on clinical and
radiologic findings.* Exclusion criteria included symptom-
atic ON during the 2 months before the OCT assessment,
systemic hypertension, diabetes mellitus, other cardiovas-
cular diseases, high myopia or hyperopia with a spherical-
equivalent refractive error of >5 or <-5 diopters (D), any reti-
nal or neuro-ophthalmologic disease, a history of intraocular
surgery, clinically relevant opacities of the optical media, or
low-quality images due to unstable fixation or the presence
of a severe cataract.

Patients underwent a complete neurologic assessment and
a comprehensive evaluation of physical disability using the
Kurtzke Expanded Disability Status Scale (EDSS).”” Disease
duration was defined as the time from the first MS symptom.
The MS patients only included those with a history of uni-
lateral ON or without ON. The entire MS group was then di-
vided into two subgroups: 1) with and 2) without a history
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Fig. 2. Optical coherence tomography (OCT) print-out. Peripapillary retinal nerve fiber layer (RNFL) thickness measured by optical coherence tomog-
raphy in a healthy control (A) and a multiple sclerosis patient (B). In both images there is a fundus photo with a green circle which indicates where
the measurements have been done (up left); the long image shows an OCT scan of the retina structure along the green circle (up right); in the circle
thre are the mean values of the RNFL calculated for six sector and globally together with a statistical classification (image A: within normal limits,
image B: below normal limits) (down left); the long coloured image is the peripapillary RNFL thickness profile (down right). The three colour rappre-
sent the normal limit of the measurements (green), the borderline (yellow) and the below normal limits (red). I (INF), inferior; N (NAS), nasal; NI, nasal in-
ferior; NS, nasal superior; N/T, nasal temporal ratio; PMB, papillary-macular bundle; S (SUP), superior; T (TMP), temporal; Tl, temporal inferior; TS, tem-
poral-superior.
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of ON. Patients included in the study did not have any other
systemic comorbidity. The healthy controls were clinic outpa-
tients who had no previous eye disease history, intraocular
surgery, glaucomatous optic neuropathy, or history of MS.

All of the patients and controls underwent a comprehen-
sive ocular examination, including autorefractometry, best-
corrected visual acuity measurement with Snellen lines, slit-
lamp biomicroscopy; intraocular pressure (IOP) measurement,
and fundus examination.

EDI-OCT examination

A single experienced user who was blinded to the clinical di-
agnosis of the patients performed the EDI-OCT examina-
tions. All subjects were examined with undilated pupils using
an EDI system for multimodality diagnostic imaging (wave-
length of 870 nm and an EDI scan pattern; Spectralis HRA+
OCT, Heidelberg Engineering, Heidelberg, Germany). Each
image represented an average of 100 scans performed using
the automatic averaging and eye-tracking features. The mac-
ular CT values were measured by selecting horizontal and
vertical sections going directly through the center of the fo-
vea. The resultant images were viewed and measured with the
supplied Heidelberg Eye Explorer software (version 1.5.12.0,
Heidelberg Engineering). The methods used to acquire the
images have been reported previously.”?

Two macular line scans (one horizontal and one vertical)
were performed in each eye (Fig. 1), and a circle scan around
the optic nerve was used to evaluate the peripapillary RNFL
(Fig. 2). The CT was measured manually from the outer por-
tion of the hyperreflective line corresponding to the retinal
pigment epithelium to the scleras inner surface. The CT was
manually measured at the fovea (subfoveal area), as well as
at 500, 1,000, and 1,500 um from the fovea vertically (superi-
orly and inferiorly) and horizontally (temporally and nasal-
ly). The choroid was measured by two independent graders
(A.M. and V.P) who were blinded to the diagnosis. If the dif-
ference in CT between the two graders was greater than 15%
of the mean of the two values, open adjudication was per-
formed with another observer (M.1.). The values of the mea-
surements were compared for each observer and then aver-
aged for analysis. The images were obtained with the best
visualization of the border between the choroid and the sclera,
known as the choroidal-scleral interface (CSI). If the CSI
was not identifiable in the image, additional images were ob-
tained to have the best possible view of the CSI (Fig. 1). The
peripapillary RNFL were analyzed globally and in six sectors:
nasal, nasal superior, temporal superior, temporal, temporal
inferior, and nasal inferior.
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Statistical analysis

Statistical analyses were performed using the SPSS statisti-
cal software package (IBM SPSS Statistics version 21, IBM,
Armonk, NY, USA). The entire group was divided into two
subgroups: 1) healthy control group and 2) patients with MS.
The latter subgroup was split into patients 1) with a history
of ON (ON group) and 2) without a history of ON (non-ON
group). Furthermore, to better analyze the effect of ON on
the choroid, MS patients with a monolateral ON history were
selected and compared with their contralateral non-ON eyes
and with the healthy control group. Descriptive analysis was
used to obtain the meanz+standard deviation values of all in-
cluded parameters, and paired t-tests were used to compare
the groups, with a p value <0.05 considered significant.

RESULTS

The 62 subjects examined were divided into 2 groups: 48
MS patients (33 females and 15 males) and 14 healthy con-
trols (9 females and 5 males). The age in the MS group ranged
from 22 to 69 years (45%12 years), and that in the control
group was from 23 to 55 years (38+12 years). The refractive
error was -2.25+1.74 D in the MS group and -1.78+3.39 D in
the control group. The MS group comprised 39 patients with
relapsing-remitting MS, 7 with secondary progressive MS,
and 2 with primary progressive MS. The mean duration of
the pathology was 11.8 years, and the EDSS score was 3£2.

The MS group (1n=96 eyes) was split into 2 subgroups on
the basis of ON history: 25 eyes in the ON group and 71
eyes in the non-ON group. Furthermore, in the ON group,
patients with a monocular ON history were selected (n=17
eyes), and the ON eye was compared both with the contra-
lateral eye and with the healthy control group.

At all of the measured points, the mean subfoveal CT was
thicker in MS patients than in the control group (338 pm vs.
313 um), but these differences were not statistically signifi-
cant (Table 1). A similar tendency in the CT was present at
500, 1,000, and 1,500 pm from the fovea both vertically and
horizontally. The subfoveal CT was measured twice during
the vertical and horizontal scans, which produced the same
CT values (Table 1).

The CT did not differ significantly between healthy eyes
and either the ON or non-ON group (Table 1). All of the mea-
surements showed that CT was thicker in MS patients than
in the control group. However, in the monocular ON sub-
group, when each eye with ON history was compared with
the contralateral one, the CT was thinner in the ON eye than
in the contralateral eye, but the difference was not statisti-
cally significant (p>0.05) (Table 2). A similar tendency was
present at 500, 1,000, and 1,500 um from the fovea both ver-
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tically and horizontally. In contrast, when these eyes with an
ON history were compared with the healthy control group
for both CT and RNFL thickness (Table 2), significant dif-
ferences (p<0.001) were found. In particular, the RNFL was
thinner in MS patients than in the controls in all sectors (glob-
al: 91 um vs. 107 um) (Table 1), and the RNFL was also sig-
nificantly thinner (p<0.05) in ON eyes than in healthy con-
trol eyes (Tables 1 and 2) in all but one of the sectors. The same
tendency was found between the ON and non-ON groups:
patients with a history of ON had a thinner RNFL, with the
difference being significant in the three temporal sectors.

DISCUSSION

Since the choroid is a dynamic vascular structure, the CT
might represent its vascularity. The CT can change due to
several factors, such as age, IOP, blood pressure, refractive
errors, and axial length.*** The role of vascular dysregula-
tion in MS is still unclear.® Blood flow changes in patients
affected by MS have been detected by color Doppler ultraso-
nography, especially when an episode of ON has occurred.”
However, few studies have evaluated the condition of the
choroid in these patients. Esen et al.”® used OCT to assess the
CT of patients with MS and healthy controls, and observed
significant thinning of the vascular layer in the MS patients.
Similar findings were obtained using swept-source OCT, with
vascular thinning found in MS patients both in the macular
and peripapillary areas of the choroid.** Dogan et al.® found
no meaningful difference in the CT between patients with MS
and healthy controls. However, they found that the CT was
larger in patients with ON than in non-ON patients, suggest-
ing that the choroidal layer could be altered due to the inflam-
mation induced by the disease. Also, Yuksel et al.”' found an
increased CT in MS patients.

The present study applied EDI-OCT to MS patients with
and without a clinical history of ON and also to age-matched
healthy controls to identify any differences in CT. No signifi-
cant difference was found between MS patients and healthy
controls, or between ON and non-ON MS patients. Neverthe-
less, there was a tendency for a significant difference in CT
measurements between ON MS patients and healthy con-
trols. The CT was always larger in MS patients with ON than
in both MS patients without ON and healthy controls (Table
1). These data reflect the possible role of inflammation in the
physiopathology of axonal damage and choroid vascular al-
terations. A correlation between alterations in the CT and sys-
temic inflammatory diseases has been reported previously,”>**
suggesting that the choroid is influenced by inflammation;
however, the results were contradictory even in these studies.

Several studies have already identified a strong correlation

340 J Clin Neurol 2022;18(3):334-342

between the neurodegenerative damage induced by MS and
the thinning of the RNFL in patients affected by MS. In par-
ticular, a significant reduction in the RNFL thickness has
been found in patients affected by MS relative to healthy con-
trols.'’ The present study found that subjects affected by MS
had a significantly thinner (p<0.05) RNFL than did age-
matched healthy controls (Tables 1 and 2). Furthermore, MS
patients with a clinical history of ON had an even thinner
RNFL than those without direct involvement of the optic
nerve. Our findings are therefore consistent with the previ-
ous studies, reaffirming the value of using OCT to measure
the RNFL thickness as a useful marker of MS progression
both in patients with clinical and with subclinical retinal dam-
age. Huang-Link et al."" showed that even in so-called benign
MS, patients without a history of ON can present thinning
of the RNFL and the macular ganglion cell layer. Garcia-
Martin et al.** found that OCT could detect changes in the
average thickness of the RNFL when there were no changes in
visual acuity, color vision, or visual fields, showing that OCT
of the RNFL can detect subclinical neurodegenerative damage.
Moreover, they identified a correlation between increased
EDSS score and thinning of the RNFL in its temporal and su-
perior quadrants.

Magnetic resonance imaging (MRI) represents the stan-
dard examination method for following up MS patients.
Even though MRI is a very accurate method for detecting ce-
rebral atrophy, its restricted availability, high cost, and pres-
ence of confounders (e.g., hydration status, inflammation) re-
main essential limitations explaining why MRI is not an ideal
examination method. Several studies in recent years have
highlighted the potential key role of OCT as a complementary
examination method to MRI for assessing MS progression.*
Furthermore, the CT could be a new parameter to follow; since
it can be examined noninvasively and is easy to measure in
almost all patients except those with a lack of fixation or in-
voluntary eye movements.

Considering that the eye is the only body location where
the condition of axons can be observed directly and nonin-
vasively, monitoring the thinning of the RNFL could allow
clinicians to follow the evolution of neurodegeneration in
patients.

We acknowledge some limitations of this study. First, the
relatively small study population may have restricted the abil-
ity to detect significant differences in some of the investigat-
ed parameters. Second, there was a discrepancy between the
numbers of MS patients and healthy controls. Third, the CT
was measured in the macular area but not in the peripapil-
lary area. Fourth, the choroid measurements were made man-
ually, which could have affected their accuracy. This could
be improved in the future by using an automated measure-



ment system. Notwithstanding the above limitations, our
study also had some significant strengths. Although it was
not significant, the CT was always larger in the MS patients
than in the healthy controls. The CT difference was signifi-
cant in the MS patients with a monolateral ON history, con-
firming the presence of RNFL thinning in MS patients and
more so in the ON patients.

In conclusion, the data reported here confirm the role of
RNFL evaluations as a biomarker for neurodegeneration in
MS and its value as a complementary examination to MRI
in following up these patients. Furthermore, changes in the
CT have been identified in MS, suggesting that they play a
role in systemic inflammatory pathogenesis. However, it
needs to be remembered that these CT differences obtained
in the present and previous studies could be caused by the
dynamic nature of these vessels, which can vary with the age,
sex, systemic conditions, and axial length of the eyes of indi-
vidual patients.”® Also, Green et al.”” suggested that OCT
could help physician to distinguish inflammation from tissue
atrophy in MS patients. Future studies need to clarify the na-
ture and meaning of these modifications.
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