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Abstract
Background: Patients with multiple sclerosis (MS) and clinically isolated syndrome (CIS) may show
alterations of retinal layer architecture as measured by optical coherence tomography. Little is known
about changes in the retinal vascular network during MS.
Objective: To characterize retinal vessel structures in patients with MS and CIS and to test for associations with MS disease activity.
Method: In all, 42 patients with MS or CIS and 50 healthy controls underwent retinal optical coherence
tomography angiography (OCT-A) with analysis of the superficial and deep vascular plexuses and the
choriocapillaries. We tested OCT-A parameters for associations with retinal layer volumes, history of
optic neuritis (ON), and the retrospective disease activity.
Results: Inner retinal layer volumes correlated positively with the density of both the superficial and deep
vascular plexuses. Eyes of MS/CIS patients with a history of ON revealed reduced vessel densities of the
superficial and deep vascular plexuses as compared to healthy controls. Higher choriocapillary vessel
densities were associated with ongoing inflammatory disease activity during 24 months prior to OCT-A
examination in MS and CIS patients.
Conclusion: Optic neuritis is associated with rarefaction of the superficial and deep retinal vessels. Alterations of the choriocapillaries might be linked to disease activity in MS.
Keywords: Multiple sclerosis, optical coherence tomography, optical coherence tomography angiography,
optic neuritis, disease activity, biomarker
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Introduction
Retinal optical coherence tomography (OCT) is a
non-invasive and well-tolerated imaging technique
which allows reproducible high-resolution analysis of
different retinal structures.1 Since the retina reflects
central nervous system (CNS) tissue directly accessible to optical imaging, the OCT technique has already
been introduced into clinical neuroimmunology about
20 years ago and has developed into a sensitive
method for the evaluation of optic nerve and retinal
pathology in multiple sclerosis (MS).2 MS-associated
optic neuritis (ON) leads to axonal loss within the
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optic nerve and results in thinning of the retinal nerve
fiber layer (RNFL) and the common ganglion cell and
inner plexiform layer (GCIPL).3–5 OCT-derived retinal layer volumes correlate with both brain6 and spinal cord volumes7 suggesting that OCT might serve as
a potential tool for the evaluation of neurodegeneration in the course of MS. In addition, retinal OCT
might be helpful as a prognostic marker for disease
outcomes in MS patients with both short8 and longer9
disease durations. Although MS-associated changes
in retinal layer architecture have been described in
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detail, only little is known about alterations in retinal
vessel integrity during MS.
OCT-angiography (OCT-A) is a novel and non-invasive imaging technique that generates high-resolution
information of retinal blood vessels. In principle,
OCT-A obtains consecutive scans at one location of
the retina. After removal of stationary tissue signals,
the remaining signal reflects the complete scan areaintrinsic motion of corpuscular blood constituents in
vessels including both venous and arterial blood vessels.10 Thus, OCT-A allows assessment of retinal vessel structures within different vessel plexuses of the
retina and the choriocapillary layer. In this study, we
aimed to provide a descriptive and detailed overview
of alterations in retinal vessel densities linked to the
disease course of MS during clinical practice. We furthermore searched for associations of the retinal vessel plexuses and disease activity patterns in patients
with CIS or MS.
Materials and methods
Subjects and study design
In this retrospective study, individuals with relapsingremitting MS (RRMS), clinically isolated syndrome
(CIS), and healthy controls (HCs) were recruited from
the Department of Neurology and the Department of
Ophthalmology at the Klinikum rechts der Isar,
Technical University of Munich, between 2016 and
2017. RRMS and CIS patients were included from an
ongoing observational cohort study of patients with
CIS or MS (TUM-MS). RRMS and CIS were defined
using the 2010 McDonald criteria.11 Age- and sexmatched HCs served as controls. We included patients
from 18 to 60 years of age and a disease duration of at
least 12 months. We excluded patients with substantial
eye disease, a refractive error ⩾6 diopter, occurrence
of ON or use of corticosteroids within 30 days prior to
enrollment, or poor OCT-A quality on both eyes. After
enrollment into the study, both RRMS/CIS patients
and HCs underwent an OCT-A examination. Only
RRMS/CIS patients received a clinical neurological
examination with evaluation of the Expanded
Disability Status Scale (EDSS) and were studied by
OCT within 1 week after OCT-A examination. The
patients’ disease history during the last 24 months
prior to study enrollment or since first clinical episode
(if disease duration was shorter than 24 months) was
studied. Here, annualized relapse rates (ARRs), annualized increases in T2 lesion counts, or annualized
numbers of gadolinium-enhancing (Gd+) lesions as
measured by cerebral magnetic resonance imaging
(MRI) were calculated. Patients who were free of
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relapses and free of Gd+ lesions and who showed stable T2 lesion counts and EDSS values within this
period of time were defined to have no evidence of
disease activity (NEDA-3). The patients’ diseasemodifying therapies (DMTs) during the last 24 months
prior to enrollment were categorized into first-line
DMT including interferon beta-1a/b, glatiramer acetate, dimethyl fumarate, or teriflunomide and secondline DMT including natalizumab, fingolimod,
alemtuzumab, or rituximab. The study was approved
by the ethics commission of the Technical University
of Munich and followed the Declaration of Helsinki.
All patients gave written informed consent. We followed Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statements for
reporting cohort studies.
OCT-A
OCT-A image acquisition was performed using a
RTVue XR Avanti spectral-domain OCT device
(Optovue Inc., Fremont, CA, USA). This instrument
has an A-scan rate of 70,000/s using a light source of
840 nm. En face images were acquired focusing the
fovea centralis. Each scan consisted of 304 × 304
A-scans with two consecutive B-scans at each fixed
position. To reduce motion artifacts, each scan consisted of one orthogonal horizontal and vertical
scan.12,13 Pictures with visible motion artifacts
or projection artifacts were excluded. To extract information on vessel structures, the device uses the
split-spectrum amplitude-decorrelation angiography
(SSADA) algorithm, which is a mathematical algorithm fully implemented in the used OCT-A device. In
principle, SSADA detects variations in reflected OCT
signal amplitudes between two consecutive scans.13
Decorrelation is a mathematical function that quantifies this variation. SSADA splits the OCT signal into
different spectral bands, thus increasing the number of
usable image frames, in which each undergoes a
decorrelation analysis.13 Static tissues reveal low
decorrelation, whereas blood vessels show high decorrelation values.14 Thus, OCT-A provides information
on perfused retinal blood vessel structures at the scanning timepoint, but not on blood flow velocities. The
exact mathematical algorithm is described elsewhere.13,14 In this study, we investigated the superficial
retinal capillary plexus, deep capillary plexus, and the
choriocapillary layer. For the analysis of the superficial and deep retinal capillary plexuses, we assessed
decorrelation signals representing vessel densities of a
6 mm × 6 mm scanning area focused on the fovea centralis (Figure 1(a) and (b)). Further segmentation was
done automatically by the implied AngioVue software
(beta version 1206.1.0.26) without manual correction.
journals.sagepub.com/home/msj
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Figure 1. Image analysis of optical coherence tomography angiography (OCT-A) of the parafoveolar macular area. (a)
The superficial vascular plexus was analyzed within a scanning circle (diameter = 3 mm) automatically centered at the
fovea between 1 and 3 mm eccentricity excluding the foveal avascular zone. Decorrelation signal was detected within
an inner offset at −3 to −15 µm from the inner limiting membrane (ILM; between red and blue lines) within the superior,
nasal, inferior, and temporal quadrants. Exemplary segmentation of the foveal (second row) and parafoveal (third row)
areas of the macula. (b) The deep plexus was analyzed within the same scanning circle as in (a) between 1 and 3 mm
eccentricity within four quadrants. Decorrelation signal was detected between an inner offset of −15 to −70 µm from
the ILM (between blue lines). Exemplary segmentation of the foveal (second row) and parafoveal (third row) areas of
the macula. (c) The choriocapillary layer was analyzed using a scanning circle (radius = 1 mm) manually centered on
the fovea centralis within an inner offset at −31 to −60 µm from the retinal pigment epithelium (between green lines).
Exemplary segmentation of the foveal (second row) and parafoveal (third row) areas of the macula.

The segmentation algorithm has been used within different studies.15–17 In principle and according to the
manufacturer, segmentation process relies on anatomical retinal structures such as the inner limiting membrane (ILM) and the retinal pigment epithelium (RPE).
For evaluation of the superficial retinal vascular
plexus, the software detected perfused vessel structures within an inner offset at −3 to −15 µm from the
ILM (Figure 1(a)). The deep retinal plexus (Figure
1(b)) was analyzed within an inner offset at −15 to −70
µm from the ILM. Vessel densities (% blood flow signal within the defined area) of the superficial and deep
plexuses were measured automatically in four quadrants (superior, nasal, temporal, and inferior) between
1 and 3 mm eccentricity using the implemented software tools. We excluded the central area around the
fovea (diameter = 1 mm) from the analysis to avoid
artifacts from the foveal avascular zone (Figure 1(a)
and (b)). For the analysis of the choriocapillary layer
(Figure 1(c)), the flow signal within −31 to −60 µm
from the RPE was acquired. Here, vessel densities
were analyzed within a circle (radius = 1 mm)
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manually centered on the fovea. The device provides a
“flow index” for the choriocapillaries. The term “flow
index” describes the average area (in mm2) of detected
blood flow signal reflecting vessel structures within a
selected region of the retina.18 Flow index values were
converted into vessel density (in %) values by flow
index (in mm2) × 100/(3.14 mm2).

OCT
RRMS and CIS patients, but not HC, underwent OCT
analysis. We used a Spectralis SD-OCT (Heidelberg
Engineering, Heidelberg, Germany) as previously
described8 using room light without pupil dilatation.
Briefly, evaluation of the peripapillary RNFL (pRNFL)
was performed by a 3.4-mm ring scan centered on the
optic nerve head (1536 A-scans, automatic real time
ART 100). The macular area was scanned with 61 vertical B-scans (512 A-scans, scanning angle 30° × 25°)
focusing the fovea centralis (ART 13). Two
experienced operators performed OCT analysis. We
checked all examinations for sufficient quality using
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OSCAR-IB criteria.19 Every B-scan was segmented
automatically into different layers using Eye Explorer
software (version 6.0.9.0; Heidelberg Engineering).
One rater checked segmentations manually and corrected in a blinded manner if necessary. Layer volumes were calculated by the software’s segmentation
algorithm (6 mm diameter circle around the fovea).
MRI
Brain images were acquired on a 3-T scanner (Achieva;
Philips, Amsterdam, the Netherlands) using a 16channel head coil. The scanning protocol included a
three-dimensional (3D) fluid-attenuated inversionrecovery (FLAIR) sequence (TE: 140 ms, TR: 10,000
ms, TI: 2750 ms, 144 contiguous axial 1.5-mm slices;
field of view: 230 × 185 mm2; voxel size: 1.0 × 1.0 ×
1.5 mm3). Contrast-enhanced images were acquired
using a volumetric 3D gradient-echo (GRE)
T1-weighted sequence (TE: 4 ms, TR: 9 ms, 170 contiguous sagittal 1-mm slices; field of view: 240 × 240
mm2; voxel size: 1.0 × 1.0 × 1.0 mm3) 6 minutes after
injection of the contrast agent (gadoterate meglumine,
Dotarem; Guerbet, Aulnay-sous-Bois, France; dose
0.1 mmol/kg).
Statistics
For statistical analyses, R version 3.2.3 (R Core Team
2015) with packages geepack (version 1.2–1) and
ppcor (version 1.1), and GraphPad Prism 6 (GraphPad
Software, Inc., La Jolla, CA, USA) were used. For
demographic differences, we performed bivariate
analyses with Fisher’s exact test for categorical and
Mann–Whitney U-test for quantitative variables. As
previously described,20 OCT or OCT-A parameters
were analyzed using generalized estimating equations
(GEEs). GEE model relying on the geeglm function
was used to measure associations of OCT-A parameters on different patterns of disease activity. Here,
dummy variables were calculated whether MRI progression (increase in T2 lesion load and/or occurrence
of Gd+ lesions), relapses, or NEDA-3 occurred or not.
We used an exchangeable correlation structure with
jackknife variance estimation. We adjusted for intereye correlations if both eyes of one individual were
taken into analysis. Furthermore, the covariates right/
left eye, age, sex, disease duration, EDSS, and therapy group were included in the additive model.
Selected tests underwent bootstrap analysis (10,000
tests) with calculation of p-value standard deviations
(SDs) using the sample function as implemented in R.
Values are given as median value with 25%–75%
interquartile range (IQR) if not stated otherwise.
Statistical significance was established at p <0.05.
4

Results
Study population
In total, 37 patients with RRMS, 7 patients with CIS,
and 50 HCs were enrolled into the study. Two RRMS
patients and one eye of one RRMS patient were
excluded from the analysis due to motion artifacts
during OCT-A analysis, and patients with CIS and
RRMS were merged for further analysis. Thus, 42
RRMS/CIS patients (83 eyes) and 50 HCs (100 eyes)
were included into the analysis. Individuals with
RRMS/CIS and HCs showed similar distributions of
age and sex (Table 1). A total of 21 eyes of 17 patients
in the RRMS/CIS group had suffered from former ON
at variable intervals before OCT-A analysis (28.0
(16.0–35.5) months). These 17 patients comprised 2
of 7 CIS and 11 of 35 RRMS patients who suffered
from unilateral ON, as well as 4 RRMS patients who
suffered from ON on both sides. No ON took place
within the last 3 months before enrollment into the
study. All patients received corticosteroid treatment in
the past, whereas last treatments were administered
29.0 (13.3–41.8) months prior to OCT-A analysis.
Patients with RRMS and CIS had disease durations of
49.0 (25.8–76.0) months and EDSS values of 1.0 (0–
1.0). Most of the patients were on first- or second-line
DMT (Table 1). Patients in the RRMS/CIS group
exhibited rather low disease activity during the last 2
years prior to enrollment (Table 1). Totally, 38.1%
fulfilled NEDA-3 criteria during that period.
Retinal architecture and retinal perfusion
In a first step, eyes of patients with CIS/MS were analyzed by conventional SD-OCT. As compared to eyes
without former ON, ON eyes revealed reduced thicknesses of the pRNFL (ON 87.0 (64.5–95.5) µm, no
ON 95.0 (88.0–107.0) µm, p < 0.001), lower total
macular volume (ON 8.3 (8.0–8.5) mm3, no ON 8.9
(8.6–9.0) mm3, p < 0.001), and lower GCIPL volume
(ON 1.7 (1.5–1.9) mm3, no ON 2.0 (1.9–2.1) mm3, p
< 0.001). No differences were seen in the inner nuclear
layer (INL) or the outer retinal layers (data not
shown). In a second step, CIS/MS and HC eyes were
analyzed separately depending on the former history
of ON by OCT-A. Here, eyes of RRMS/CIS patients
with former ON revealed lower vessel densities of the
superficial and deep plexuses as compared to eyes
without former ON or eyes of HC (Figure 2(a) and
(b)). All macular sectors were affected (Figure 2(a)
and (b)). In contrast, no ON-related alterations in vessel densities were seen for the choriocapillary layer
(Figure 2(c)). Eyes of RRMS/CIS patients unaffected
by ON revealed similar vessel densities of both the
superficial and deep retinal vascular plexuses as HC.
journals.sagepub.com/home/msj
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Table 1. Study population.

Female, no. (%)
Age, years
Disease duration, months
EDSS score
History of optic neuritis, eyes (%)
Disease activity 2 years before
enrollment
No. of relapses/year
No. of new T2 lesions/year
No. of Gd+ lesions/year
Disease-modifying therapies, no.
(%)
None
First line
Second line

HC (n = 50, 100 eyes)

RRMS/CIS (n = 42, 83 eyes)

p-Value

34 (68.0)
32.0 (26.8–38.3)
n.a.
n.a.
0 (0)

29 (69.0)
30.0 (28.5–26.0)
49.0 (25.8–76.0)
1.0 (0–2.0)
21 (25.3)

>0.99
0.42
n.a.
n.a.
<0.0001

n.a.
n.a.
n.a.

0 (0–1.0)
0.5 (0–2.1)
0 (0–0.4)

n.a.
n.a.
n.a.

7 (16.7)
22 (52.4)
13 (30.9)

n.a.
n.a.
n.a.

HC: healthy control; RRMS: relapsing-remitting multiple sclerosis; CIS: clinically isolated syndrome; n.a.: not applicable; EDSS:
Expanded Disability Status Scale.
Demographic parameters in HCs and patients with RRMS and CIS.

We found no association between inter-eye differences of vessel densities within the superficial or deep
retinal vascular plexus and the time interval elapsed
since the last ON episode (data not shown). In RRMS/
CIS patients, both the superficial and deep retinal vessel plexus densities (ON and non-ON eyes included)
correlated with the total macular volume, GCIPL, and
INL volumes (Figure 3(a) and (b)). No associations
were seen for the remaining retinal layers (data not
shown). In summary, the densities of both retinal
plexuses were associated with prior ON but were not
altered in MS/CIS patients independently of ON.

Association of retinal vessel density and
retrospective disease activity
Next, we tested for associations between retinal vessel density measures and retrospective disease activity patterns during the last 24 months prior to OCT-A
analysis. When correcting for sex, age, disease duration, EDSS at time of OCT-A analysis, and DMT
group during the last 24 months, we found a positive
association between the choriocapillary vessel densities and the retrospective ARR (Figure 4(a)) before
OCT-A analysis. This finding also remained statistically robust after performing a bootstrapping analysis
(p-value SD 0.0774). This association was found in
both eyes with or without former ON (Figure 4(a)).
Higher vessel densities of the choriocapillaries were
associated with the occurrence of relapse, MRI progression as defined by an increase in T2 lesion load or
journals.sagepub.com/home/msj

the occurrence of Gd+ lesions (Figure 4(b)), and violation of NEDA-3 criteria during 2 years prior to
OCT-A analysis (Figure 4(c)). RRMS/CIS patients
with ongoing disease activity had higher vessel densities of the choriocapillaries as compared to patients
fulfilling NEDA-3 criteria (no NEDA: 63.2 ± 1.2;
NEDA-3: 62.4 ± 1.2; p = 0.01) and by trend higher
vessel densities than HC (HC: 62.8 ± 1.2; p = 0.07).
Choriocapillary vessel densities correlated negatively
with RRMS/CIS disease duration (r = −0.22; p =
0.04). Thus, while the choriocapillary layer is not
affected by ON, the vascularization of the choroid
might indicate ongoing disease activity in patients
with MS independently of ON.
Discussion
In this study, we show that MS-associated ON causes
alterations in the macular retinal vascular network.
Furthermore, increased capillary densities of the choriocapillary layer might indicate increased recent
inflammatory disease activity in MS.
In the current understanding, perfusion of the human
macula is organized by three different vascular plexuses.21 The superficial vascular plexus is supplied by
the central retinal artery and extends with larger arteries and arterioles through the whole RNFL, ganglion
cell layer, and the inner plexiform layer.21 The deep
plexus, which is supplied by anastomoses of the
superficial plexus, feeds the INL and outer plexiform
5
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Figure 2. Retinal vessel densities in patient groups. Retinal vessel densities in eyes from healthy controls (HCs), eyes
of patients with clinically isolated syndrome or multiple sclerosis without a history of former optic neuritis (no ON), and
eyes with a positive history of optic neuritis (ON). (a) Vessel densities (%) in different quadrants of the superficial retinal
vascular network in HCs (n = 100 eyes), no ON (n = 56), and ON (n = 16 eyes). (b) Vessel densities (%) in different
quadrants of the deep retinal vascular network in HC (n = 100 eyes), no ON (n = 56), and ON (n = 16 eyes). (c) Vessel
densities (%) of the choriocapillary layer in HCs (n = 100 eyes), no ON (n = 62), and ON (n = 21 eyes). (a, b) Six eyes
from no ON group and five eyes from ON group were excluded due to motion artifacts during analysis. Median values
with 25%–75% interquartile range; generalized estimating equations (GEEs); n.s.: not significant; *p < 0.05, **p < 0.01.

layer. The outer nuclear and photoreceptor layer are
largely devoid of any blood vessels.21 The choriocapillaries, which are originating from posterior ciliary
arteries of the ophthalmic artery, supply the RPE and
thus indirectly through the outer blood–retina barrier
also the photoreceptors.21
MS-associated ON causes atrophy of the inner retinal
layers RNFL and GCIPL, but not of the INL and outer
retinal layers,22 most likely via retrograde axonal
degeneration due to an inflammatory optic nerve
damage.3 Beside atrophy of the inner retinal layers,
we found a rarefaction of retinal vessel density within
both the superficial and deep vascular plexuses of the
central macula. Consistent with this, reduced retinal
macular vessel densities in seven patients after isolated, MS-associated, or neuromyelitis optica–related
ON were recently reported.23 Also, using a prototype
swept source OCT system, decreased retinal vessel
densities within the optic nerve,24 but not within the
6

macular area were observed in MS patients with former ON.25 Differentiation into different retinal vascular plexuses, however, was not performed.
The reason for ON-associated macular vessel rarefaction is unclear. One possible explanation is a reduced
need of blood supply due to an ON-related retinal
damage. Different groups have shown that ON leads
to atrophy of the retinal ganglion cells and the
RNFL.3–5,22 Thus, it is possible that neuronal and
axonal decline results in reduced metabolic activity
within the inner retinal layers with consecutive lower
oxygen and blood demand and regression of vessels
of the superficial vascular plexus. Since the deep vascular plexus is supplied by anastomoses from superficial vessels, this could secondarily also affect deeper
retinal vessel structures although deeper retinal layers
remain largely unaffected after ON.22 Consistent with
this idea, MS patients reveal reduced brain perfusion
patterns in areas of normal appearing white matter as
journals.sagepub.com/home/msj
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Figure 3. Association of OCT and OCT-A measures. Association of optical coherence tomography (OCT) and OCT
angiography (OCT-A) measures in patients with clinically isolated syndrome or multiple sclerosis (n = 72 eyes). (a)
Correlation of vessel densities of the superficial vascular plexus of the retina (%) and the total macular volumes (TMV)
as well as volumes of the common ganglion cell and inner plexiform layer (GCIPL) and the inner nuclear layer (INL).
(b) Association of vessel densities of the deep vascular plexus of the retina (%) and TMV, GCIPL, and INL volumes;
generalized estimating equations (GEEs).

compared to healthy individuals.26 MS-associated
cerebral hypoperfusion might be due to an altered
energy metabolism of astrocytes with impaired astrocytic K+ uptake and subsequent impaired arteriolar
vasodilatation.27 Also within the retina, astrocytic
Müller cells are essential for synaptic transmission
and for maintaining the blood–retina barrier.28 It is
still unclear, however, whether retinal astrocytes are
also affected in MS.
Alternatively, rarefaction of retinal vessel structures
could also be the consequence of a direct inflammatory process affecting retinal vessels during ON.
While this idea would be in line with the profound
changes in vessel density, the relative protection of
outer retinal layers from atrophy appears very discordant with the significant rarefaction of the deep
retinal plexus. About 11% of all MS patients show
signs of retinal periphlebitis during autopsy29 and MS
patients may show lower numbers of epiretinal blood
vessels and reduced vessel diameters irrespective of
whether they experienced former ON or not.30 In this
study, we did not see any alterations of vessel densities within the retinal vascular network in eyes of MS
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patients without former ON. Alterations of the superficial and deep vascular plexuses were exclusively
linked to a history of ON and eyes without former ON
showed comparable vessel densities as HCs. Thus, we
could not detect any clear signs of a subclinical,
ON-independent alteration of retinal vessel structures
during MS.
The occurrence of MS-associated ON did not affect
vessel densities within the choriocapillary layer.
However, we found a surprising association of the
vessel density within the choriocapillary layer with
the retrospective disease activity prior to analysis.
Although vessel network architecture of the choriocapillary layer in MS patients was not different as
compared to healthy individuals, higher vessel densities were associated with ongoing disease activity
before OCT-A analysis. The reason for this observation is at present unclear. It is still a matter of debate,
whether choroid structures are affected in the disease
course of MS. Using enhancing depth imaging OCT
analysis, MS patients revealed decreased choroid
thickness values as compared to HC, and choroidal
thinning was linked to MS disease duration.31
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Figure 4. Association of the retrospective disease activity and the choriocapillary vessel densities. (a) Association of
the annualized relapse rates (ARRs) during 24 months before analysis and the choriocapillary vessel densities in patients
with clinically isolated syndrome or multiple sclerosis (all eyes; n = 81 eyes), seperated in eyes without history of optic
neuritis (no ON, n = 60) and with positive history of optic neuritis (ON, n = 21); generalized estimating equations (GEEs)
corrected for age, sex, disease duration, disease-modifying therapy, and the Expanded Disability Status Scale; one patient
(no ON) was excluded due to short disease duration of 2 months. (b, c) Effect of choriocapillary vessel densities (%)
on the retrospective occurrence of relapse, MRI progression (defined by an increase in T2 lesion load or the occurrence
of gadolinium-enhancing lesions), or successful achievement of NEDA-3 status during 24 months before analysis.
Left y-axis indicates probability of relapse, MRI progression, or NEDA-3 status; gray bars and right y-axis describe
the distribution of choriocapillary vessel density measures (%) of patients with (top distribution) and without (bottom
distribution) occurrence of relapse, MRI progression, or NEDA-3; odds ratio (OR) for a 1% increase in choriocapillary
vessel density on the probability of relapse, MRI progression, or achievement of NEDA-3 status with 95% confidence
intervals; generalized estimating equations (GEEs) corrected for age, sex, disease duration, disease-modifying therapy,
former optic neuritis, and the Expanded Disability Status Scale.
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Furthermore, between 0.4% and 2.0% of all MS
patients suffer from additional uveitis32 and MS
patients with uveitis might exhibit a more benign disease course.33 Our current data add further data to the
idea of a possible subclinical involvement of choroid
structures during MS. It has already been shown that
inflammation within the CNS might alter perfusion
patterns. Patients with acute MS-associated inflammation and enhanced inflammatory disease activity
might show increased brain perfusion with enhanced
blood volumes and blood flow.34,35 Of course, further
studies focusing on choroidal changes in MS patients
are needed to corroborate this hypothesis.
This study has several limitations. First, our sample
size is rather small, and we have not yet used a second
cohort to validate our findings. Our study population
showed relatively low EDSS values at baseline as
would be expected for study populations with early
disease.36 Thus, it remains to be determined whether
similar findings also apply for MS patients with
longer standing disease and more severe disability.
Second, we only analyzed associations of OCT-A
measures with retrospective, but not prospective patterns of disease activity. Consequently, the diagnostic
value of our findings is unclear. OCT-A, however, is a
very novel imaging technique, which was introduced
into ophthalmologic diagnostic work-up only 3 years
ago. Third, the OCT-A technique has methodological
limitations. The biological meaning of several measures is unclear. The influence of different disturbances
and environment factors on OCT-A measures is
unclear although the OCT-A technique per se seems
to reveal good repeatability and reproducibility.37
Thus, we cannot completely exclude false-positive
findings due to technical and methodological issues.
Furthermore, OCT-A only allows for the assessment
of vessel density but fails to provide quantitative
information on blood flow velocity, vessel morphology, or alterations of the vessel barrier.
In conclusion, our study shows that MS-associated
ON leads to a vessel rarefaction within both the superficial and deep macular vascular plexuses, but not
within the choriocapillary layer. Higher vessel densities within the choriocapillary layer, however, might
be linked to an increased recent clinical inflammatory
disease activity during MS.
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