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Abstract

Background and purpose: Individuals with radiologically isolated syndrome

(RIS) are at increased risk of converting to multiple sclerosis (MS). Early iden-

tification of later converters is crucial for optimal treatment decisions. The

purpose of this study was to assess the predictive potential of optical coher-

ence tomography (OCT) measures in individuals with RIS regarding conver-

sion to MS.

Methods: This prospective observational cohort study included 36 individuals

with RIS and 36 healthy controls recruited from two German MS centers. All

individuals received baseline OCT and clinical examination and were longitu-

dinally followed over up to 6 years. The primary outcome measure was the

conversion to MS.

Results: During clinical follow-up of 46 (26–58) months (median, 25%–75%
interquartile range), eight individuals with RIS converted to MS. Individuals

converting to MS showed a thinning of the peripapillary retinal nerve fiber

layer (pRNFL) and the common ganglion cell and inner plexiform layer

(GCIP) at baseline and during follow-up. Individuals with a pRNFL of 99 µm
or lower or a GCIP of 1.99 mm3 or lower were at a 7.5- and 8.0-fold risk for

MS conversion, respectively, compared to individuals with higher measures.

After correction for other known risk factors, Cox proportional hazards

regression revealed a hazard ratio of 1.08 for conversion to MS for each 1 µm
decline in pRNFL.

Conclusions: Reduction of the pRNFL might be a novel and independent risk

factor for conversion to MS in individuals with RIS. OCT might be useful for

risk stratification and therapeutic decision-making in individuals with RIS.

Background

The wide availability of magnetic resonance imaging

(MRI) has led to an increase in incidental findings,

such as lesions suggestive of multiple sclerosis (MS),

in individuals without clinical deficits. The diagnosis

of radiologically isolated syndrome (RIS) can be made

in the absence of current or past neurological deficits

and other explanatory conditions, if MRI lesions are

disseminated in space as supposed in the 2017 revision

of the McDonald criteria for the diagnosis of MS

(MAGNIMS 2017 criteria) [1,2] or as described by

the Barkhof criteria (Okuda criteria) [3,4]. RIS is

observed in 0.1% of the general population [5], at
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higher frequencies in headache patients [6], and in up

to 2.9% of relatives of MS patients [7].

About one-third of individuals with RIS convert to

MS within 5 years [8,9]. Retrospectively, RIS can be

considered a preclinical form of MS in these convert-

ers. Based on our current understanding of MS [10],

patients with preclinical central nervous system (CNS)

inflammation might benefit from early immunomodu-

latory treatment. Thus, prediction of conversion to

MS at a prodromal stage might be helpful for clinical

decision-making. Risk factors for the conversion of

RIS individuals to MS include younger age, male sex,

spinal cord lesions [11], high numbers of T2 lesions on

MRI [12] and visually evoked potential abnormalities

[8]. Optical coherence tomography (OCT) is a non-in-

vasive high-resolution imaging technique of the retina.

Distinct changes in the retinal architecture may reflect

neurodegenerative and inflammatory processes within

the CNS during MS [13–16] and might be associated

with paraclinical disease activity in individuals with

RIS [17]. The aim of the current study was to assess

whether retinal alterations in individuals with RIS can

be used as prognostic markers for conversion to MS.

Methods

Study subjects

Individuals with RIS were retrospectively included

from two ongoing observational studies at the neu-

roimmunological outpatient units from the Depart-

ments of Neurology of the Technical University of

Munich (TUM) and the Ludwig-Maximilians Univer-

sity Munich (LMU). Both studies included regular

clinical and OCT follow-up examinations on an

annual basis. Regular and annual MRI follow-up

examinations were only performed in a subgroup of

individuals with RIS. All individuals with a diagnosis

of RIS between 2013 and 2018 in both centers were

screened. Individuals with RIS as defined by the

MAGNIMS recommendations [2], who gave their

written informed consent and who revealed a clinical

follow-up period of at least 6 months, were included

in the study. The same number of healthy controls

(HCs) with similar age and sex were recruited as the

control cohort. Eyes with any coexisting ocular

pathology reported by the patient or apparent in OCT

and eyes with the occurrence of optic neuritis (ON)

during the study were excluded. At baseline, all indi-

viduals received a clinical neurological examination

including assessment of the Expanded Disability Sta-

tus Scale (EDSS) and retinal OCT examination. Data

from cerebrospinal fluid (CSF) analysis and cerebral

MRI were documented. During clinical follow-up,

study participants received a clinical neurological

examination including EDSS assessment and retinal

OCT examination at various time points with an

annual standardized workup, including MRI. The pri-

mary outcome parameter was the conversion to MS

fulfilling the 2017 McDonald criteria by the occur-

rence of a clinical relapse. The study was approved by

the Ethics Commission of TUM, School of Medicine

(permit number 166/16 S), and the Ethics Commission

of LMU, Faculty of Medicine (permit numbers 427-

14, 163-16), and was conducted following the Declara-

tion of Helsinki. Full understanding of all participants

was ensured. All participants gave written informed

consent.

Optical coherence tomography and MRI

measurements

Both the LMU and TUM centers used a Spectralis

spectral domain OCT (Heidelberg Engineering, Hei-

delberg, Germany) with activated eye tracker function.

OCT was performed as reported previously without

pupil dilation [17]. Briefly, the peripapillary retinal

nerve fiber layer (pRNFL) was assessed by a 12°
[3.4 mm, automatic real time (ART) 100] ring scan

around the optic nerve head. The macular volumes

were calculated within a 6-mm diameter cylinder cen-

tered on the fovea from a macular volume scan from

either 61 (30 9 25°, ART 13, performed at TUM) or

25 (20 9 20°, ART 49, performed at LMU) vertical

B-scans. Besides the pRNFL, the common ganglion

cell and inner plexiform layer (GCIP), inner nuclear

layer and combined outer nuclear and plexiform layer

were analyzed. Follow-up OCT scans were acquired

using the integrated follow-up mode allowing repeated

OCT measurements at the exact same areas of the

retina. Segmentation of all individual layers was per-

formed semi-automatically using software by the man-

ufacturer (HEYEX2, Eye Explorer 2.3) and corrected

manually by an experienced rater if necessary. All

scans were checked for sufficient quality according to

the OSCAR-IB criteria [18]. The APOSTEL recom-

mendations were adhered to for reporting [19]. Except

for pRNFL (given in µm), all OCT measures were

quantified as volumes (mm3). Atrophy rates were esti-

mated for each patient from all OCT examinations

(minimum two examinations) and are displayed as the

average annual change. MRI examinations originated

from non-uniform protocols of different MRI units

and included T1 and T2 sequences in axial, coronal or

sagittal planes [20]. A subgroup of individuals with

RIS (n = 20) received standardized annual MRI fol-

low-up examinations on the same scanner as previ-

ously described [20]. All MRI scans were centrally

© 2020 The Authors. European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology
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evaluated by an MS specialized radiologist checking

fulfillment of the MAGNIMS recommendations.

Statistical analyses

For statistical analyses, GraphPad Prism 7 (San Diego,

CA, USA) and R v3.5.3 (Vienna, Austria) with the

package survival v2.44-1 were used. To account for

inter-eye correlations of OCT measurements within

each patient, a paired-eye statistical approach was used

[21] as previously described [22]. Mean values of both

eyes were calculated and used as one individual data

point when both eyes were available for longitudinal

analysis. If one eye was excluded due to our study cri-

teria, OCT values of the remaining eye were used. To

evaluate cross-sectional differences between three or

more groups, an ordinary one-way ANOVA with

Tukey’s multiple comparisons test was performed if

values were normally distributed or a non-parametric

Kruskal–Wallis test with Dunn’s multiple comparisons

test if values were not normally distributed. Quantita-

tive differences between two groups were analyzed

using Student’s t test or the non-parametric Mann–
Whitney U test (two-tailed tests) depending on whether

or not values followed a Gaussian distribution. Cate-

gorical differences were evaluated using bivariate anal-

ysis with Fisher’s exact test. To test the impact of

retinal layer thicknesses at baseline on conversion to

MS, the coxph function was used to apply Cox propor-

tional hazards regression. For additional survival anal-

ysis, the study participants were first dichotomized

according to the mean value of the respective retinal

layer measurements and the survdiff function in R was

used to perform Kaplan–Meyer survival analyses with

the log-rank test. For the proportional hazards model,

GCIP volumes were scaled to 0.02 mm3 units to

improve interpretability of coefficients; pRNFL thick-

ness is provided in 1 µm units. All Cox proportional

hazards models were corrected for the covariates age,

sex, application of immunotherapy and spinal cord

lesions. The statistical significance threshold was

P < 0.05. Values are provided as mean � standard

deviation if normally distributed, otherwise as median

(25%–75% interquartile range).

Data availability statement

The data that support the findings of this study are

available on request from the corresponding author

and after subscription of a data transfer agreement.

The data are not publicly available due to privacy or

ethical restrictions. Data not shown or raw data for

analysis will be shared in an anonymized and numeri-

cal way on request from any qualified investigator.

OCT images are unique to each person and might

allow identification of the respective participant. Orig-

inal OCT images or OCT files outside approved stud-

ies cannot be shared due to the legal requirements of

our departments (TUM, LMU).

Results

Baseline characteristics

Thirty-seven individuals with RIS were recruited from

the neuroimmunological outpatient unit from the

Department of Neurology of TUM (n = 30) and from

the Department of Neuroimmunology of LMU

(n = 7) and 36 HCs. The diagnosis was established

after diagnostic MRI for different indications with the

most frequent indications being headache and vertigo.

One individual with RIS (LMU) due to bilateral uvei-

tis and one eye of another RIS individual (TUM) due

to mild papilledema were excluded. Thus, 71 eyes of

36 individuals with RIS and 72 eyes of 36 HCs were

included in the study. Twelve individuals with RIS

from TUM have already been reported in the past

[17]. At OCT follow-up, which was available for 28

individuals in the RIS cohort, one eye was excluded

due to low OCT quality and three eyes of three

patients were excluded due to an acute ON occurring

during the follow-up time. Therefore, 52 eyes from 28

RIS individuals were used for longitudinal OCT anal-

ysis and follow-up OCT was available for 18 HCs (36

eyes) (Table 1).

The demographics at study inclusion were compara-

ble between individuals with RIS and HCs (Table 1).

Table 1 Baseline characteristics of healthy controls and individuals

with radiologically isolated syndrome

Clinical characteristics HCs (n = 36) RIS (n = 36)

P

value

Female, no. (%) 22 (61) 24 (67) 0.81

Age, years 34 (29–43) 35 (29–45) 0.73

Clinical follow-up,

months

10 (7–26) 46 (26–58) <0.001

OCT follow-up, months 10 (7–26) 44 (25–50) 0.007

OCT characteristics

pRNFL, µm 104.9 � 7.7 98.8 � 12.0 0.006

GCIP, mm3 2.04 (1.99–
2.17)

1.99 (1.83–
2.09)

0.003

INL, mm3 0.99 � 0.06 0.97 � 0.07 0.14

Clinical characteristics of n = 36 healthy controls (HCs), n = 36 indi-

viduals with radiologically isolated syndrome (RIS) and results from

optical coherence tomography (OCT) examination (RIS n = 71 eyes,

HCs n = 72 eyes) at baseline. Values show mean � SD or median

(25%–75% interquartile range). Student’s t test, Mann–Whitney U

test or Fisher’s exact test. Bold values indicate P < 0.05. GCIP, gan-

glion cell and inner plexiform layer; INL, inner nuclear layer;

pRNFL, peripapillary retinal nerve fiber layer.

© 2020 The Authors. European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology
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The diagnosis of RIS was established 7 (1–24) months

[median (25%–75% interquartile range)] prior to base-

line examination. No person with RIS received any

immunomodulatory medication at baseline. Of the 33

individuals with RIS who had available information

on CSF, 27 presented with CSF-specific oligoclonal

bands (82%). CSF analysis was performed 6 (0–39)
months before study inclusion. Ten of the 36 persons

with RIS showed spinal cord lesions (28%). At base-

line, individuals with RIS exhibited thinning of the

pRNFL, total macular volume (TMV) and the GCIP

compared to controls (Table 1), whereas no differ-

ences were detected within other layers. Our cohort

was similar to those of other RIS studies [23].

Clinical course and conversion to MS

During follow-up, eight individuals with RIS pre-

sented with a clinical episode suggestive of a demyeli-

nating event and accordingly converted to MS

fulfilling the 2017 McDonald criteria, which was the

primary outcome parameter. Four patients developed

an acute ON, three patients suffered from myelitis and

one patient presented with sensory deficits of the right

leg. Two individuals with RIS started first line

immunotherapy (interferon beta-1a and glatiramer

acetate) during follow-up and before conversion to

MS. Baseline characteristics of RIS individuals with-

out and with conversion to MS were compared and

similar measurements were observed in clinical, CSF

and MRI parameters (Table 2). Converters, however,

displayed a significantly lower pRNFL baseline thick-

ness and GCIP volume than non-converters (Table 2).

In fact, non-converters exhibited similar retinal layer

thicknesses to controls, whereas converters showed

inner retinal layer thinning (Fig. 1). The volumes of

other layers were not different. In all layers, inter-eye

differences were not different between converters and

non-converters (Table 2). Conversion rates were not

different for males and females (data not shown) and

the two nominally associated OCT measures pRNFL

and GCIP did not differ significantly between male

and female RIS individuals (data not shown). There

were no differences in original symptoms leading to

MRI examination and subsequent RIS diagnosis

(Table 3). Analyzing initiated immunotherapies of

individuals with RIS during follow-up, no differences

were found between converters and non-converters

(Table 2). Individuals with RIS and MRI progression

during follow-up defined by the occurrence of new T2

lesions or Gd+ lesions revealed by trend lower GCIP

volumes at baseline (1.87 � 0.18 mm3) compared to

individuals with stable MRI (2.00 � 0.13 mm3;

P = 0.08) (data not shown).

Longitudinal OCT changes and conversion to MS

When analyzing longitudinal changes in retinal archi-

tecture after baseline examination, individuals with

RIS irrespective of later conversion showed a nomi-

nally significant annual loss in pRNFL thickness

(HCs, 0.01 � 0.96 µm; RIS, �0.60 � 0.92 µm annual-

ized change; P = 0.02, unpaired two-tailed t test)

and GCIP volume (HCs, 0.0 � 0.02 mm3; RIS,

�0.01 � 0.03; P = 0.04, Mann–Whitney U test) com-

pared to controls. This effect was mainly driven by

individuals converting to MS (Fig. 2). There was no

Table 2 Baseline characteristics according to clinical course

Clinical characteristics

Non-

converters

(n = 28)

Converters

(n = 8)

P

value

Female, no. (%) 18 (64) 6 (75) 0.69

Age, years 38 � 10 34 � 16 0.41

Time since RIS diagnosis,

months

6 (0–16) 18 (7–62) 0.06

Cerebrospinal fluid characteristics

Oligoclonal bands,

positive/no. tested (%)

19/25 (76) 8/8 (100) 0.30

Disease modifying therapy (DMT)

DMT during follow-up,

no. (%)

6 (21.4) 2 (25.0) 0.99

DMT start after baseline,

months

3 (1–19) 1 (1–1) 0.43

MRI characteristics

T2 lesions in cerebral

MRI, no.

10 (6–14) 13 (5–22) 0.43

≥1 Gd+, no. (%) 3 (11) 2 (25) 0.57

≥1 infratentorial lesion,

no. (%)

13 (46) 5 (63) 0.69

≥1 spinal cord lesion, no.

(%)

8 (29) 2 (25) 1.0

OCT characteristics

pRNFL, µm 100.6 � 11.6 89.6 � 9.9 0.02

GCIP, mm3 2.00 � 0.18 1.87 � 0.12 0.04

INL, mm3 0.97 � 0.08 0.99 � 0.04 0.45

Inter-eye difference

pRNFL, µm
2 (1–5) 4 (2–7) 0.14

Inter-eye difference GCIP,

mm3

0.04 (0.02–
0.06)

0.04 (0.01–
0.11)

0.76

Individuals with sustained diagnosis of radiologically isolated syn-

drome (RIS) (non-converters, n = 28, 55 eyes) and conversion to

multiple sclerosis (converters, n = 8, 16 eyes). Magnetic resonance

imaging (MRI) and retinal optical coherence tomography (OCT)

were obtained during study inclusion. Cerebrospinal fluid data

reflects historical data obtained during diagnostic workup of sus-

pected demyelinating disorder of the central nervous system before

inclusion into the study. Time since RIS diagnosis describes the per-

iod between first RIS diagnosis by MRI and inclusion into the

study. Values show mean � SD or median (25%–75% interquartile

range). Student’s t test, Mann–Whitney U test or Fisher’s exact test.

Bold values indicate P < 0.05. DMT, disease-modifying therapy;

GCIP, ganglion cell and inner plexiform layer; INL, inner nuclear

layer; pRNFL, peripapillary retinal nerve fiber layer.

© 2020 The Authors. European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology
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significant difference between HCs and individuals

with a sustained RIS diagnosis (non-converters) alone.

Peripapillary retinal nerve fiber layer and GCIP as risk

factors for conversion to MS

Based on these results, it was hypothesized that

pRNFL and GCIP thinning might be risk factors for

conversion to MS in individuals with RIS. To test this

hypothesis, the study participants with RIS were

dichotomized into two groups according to the mean

value of their retinal layer measurements for pRNFL

and GCIP and survival analyses were performed. Dur-

ing a clinical follow-up time of 46 (26–58) months,

individuals with a pRNFL of 99 µm or below had a

7.5-fold risk [hazard ratio 7.5, 95% confidence interval

(CI) 1.9–29.9, P = 0.03] for clinical conversion to MS

compared to individuals with thicker pRNFL values

(Fig. 3a). Using this cut-off, prediction of conversion

in the same sample had a sensitivity of 88% and speci-

ficity of 61% (area under the curve 0.77, positive pre-

dictive value 39%, negative predictive value 94%,

accuracy 65%). When correcting for age, sex,

immunotherapy and the occurrence of spinal cord

lesions, the hazard rate for conversion to MS was 1.08

for each 1 µm decline in pRNFL at nominal signifi-

cance in a Cox proportional hazards regression model

(P = 0.04, 95% CI 1.003–1.171). A similar result was

observed for GCIP. Individuals with RIS displaying a

GCIP volume of 1.99 mm3 or below had an 8.0-fold

risk (hazard ratio 8.0, 95% CI 2.0–32.1, P = 0.02) for

clinical conversion to MS compared to those with

higher GCIP volumes (Fig. 3b; sensitivity 88%, speci-

ficity 64%, area under the curve 0.74, positive predic-

tive value 39%, negative predictive value 94%,

accuracy 62%). Although the additional Cox propor-

tional hazards regression analysis did not reach signifi-

cance, the hazard for conversion to MS was 1.09 for

each 0.02 mm3 decrease in GCIP volume (P = 0.08,

95% CI 0.989–1.220). Taken together, these findings

identify pRNFL and GCIP as measured by OCT as

potential risk factors for conversion to MS in individu-

als with RIS independent of known risk factors.

Discussion

In the present study, it is demonstrated that pRNFL

and GCIP thinning as measured by OCT are risk fac-

tors for subsequent conversion to MS in individuals

with RIS. Thus, retinal OCT might be a suitable tool

for risk stratification in individuals with RIS.

Retinal alterations in individuals with RIS have

already been studied in recent years. Here, persons

with RIS exhibited reduced volumes of RNFL similar
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Figure 1 Retinal measures at baseline examination. Baseline reti-

nal optical coherence tomography findings in healthy controls

(HCs, n = 36), individuals with radiologically isolated syndrome

(RIS) that did not convert to multiple sclerosis (non-converters,

n = 28) and persons with RIS converting to multiple sclerosis

(converters, n = 8); box-and-whisker plot depicting median, 25th

percentile, 75th percentile, minimum and maximum values; ordi-

nary one-way ANOVA with Tukey’s multiple comparisons test.

*P < 0.05, **P < 0.01, ***P < 0.001. pRNFL, peripapillary reti-

nal nerve fiber layer; GCIP, ganglion cell and inner plexiform

layer; INL, inner nuclear layer.

Table 3 Initial symptoms leading to MRI examinations

Indication

Non-converters

(n = 28)

Converters

(n = 8)

P

value

Headache and pain, no.

(%)

12 (42.9) 1 (12.5) 0.21

Vertigo, no. (%) 4 (14.3) 0 (0) 0.28

Paresthesia (duration

<1 h), no. (%)

4 (14.3) 2 (25.0) 0.99

Psychiatric diseases, no.

(%)

2 (7.1) 1 (12.5) 0.54

Commotio cerebri, no.

(%)

2 (7.1) 0 (0) 0.99

Epilepsy, no. (%) 1 (3.6) 1 (12.5) 0.40

Other, no. (%) 3 (10.7) 3 (37.5) 0.11

Original symptoms leading to a magnetic resonance imaging (MRI)

examination and subsequent diagnosis of radiologically isolated syn-

drome (RIS) in individuals with sustained RIS diagnosis (non-con-

verters, n = 28) and individuals converting to multiple sclerosis

(converters, n = 8). Fisher’s exact test.

© 2020 The Authors. European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology
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to patients with clinically isolated syndrome (CIS)

[17]. Inner retinal layer thinning in RIS was associated

with reduced total brain and thalamic volumes and

has thus been suggested as a marker for neurodegen-

eration in preclinical stages of CNS autoimmunity

[23]. Furthermore, patients with RIS showing spinal

cord lesions revealed reduced GCIP thicknesses com-

pared to RIS patients without spinal cord lesions or

HCs [24]. To the best of our knowledge, the current

study is the first to analyze the association of OCT

measures with the conversion to MS in individuals

with RIS in a prospective manner.

In our study, it was found that patients with

pRNFL thickness and GCIP volume loss were at

higher risk for clinical conversion to MS. Inner retinal

layer thinning occurs early in the course of demyeli-

nating CNS autoimmunity [25] and is most probably

driven by retrograde trans-synaptic neurodegeneration

[26] due to intrathecal inflammatory processes [22]

and subsequent brain atrophy [14]. It has already been

shown that reduced pRNFL and GCIP measures are

risk factors for clinical progression with sustained dis-

ability worsening in both CIS and MS [13,16,22,27].

The decreased likelihood of achieving the status of no

evidence of disease activity (NEDA-3) in individuals

with low GCIP volumes argues for the predictive

power of retinal layer alterations during the course of

MS and its ‘precursor stages’ CIS and RIS [13]. The

current study adds to the notion that RIS-MS con-

verters, but not RIS individuals without MS conver-

sion, display inner retinal layer thinning. Differences

in OCT measures between HCs and individuals with

RIS are mainly dependent on those individuals with

RIS that will convert to MS. Thus, retinal OCT could

A
nn

ua
liz

ed
 c

ha
ng

e
in

 p
R

N
FL

 (μ
m

)

*

HC

Con
ve

rte
r

Non
-co

nv
ert

er

A
nn

ua
liz

ed
 c

ha
ng

e

in
 G

C
IP

 (m
m

³)

**

–4

–2

0

2

4

–0.2

–0.1

0.0

0.1

0.2

HC

Con
ve

rte
r

Non
-co

nv
ert

er

Figure 2 Longitudinal retinal layer changes during follow-up. Annualized changes of the peripapillary retinal nerve fiber layer

(pRNFL) and the ganglion cell and inner plexiform layer (GCIP) during follow-up in healthy controls (HCs, n = 18), individuals with

sustained diagnosis of radiologically isolated syndrome (RIS) (non-converters, n = 21) and persons with RIS converting to multiple

sclerosis (converters, n = 7); box-and-whisker plot depicting median, 25th percentile, 75th percentile, minimum and maximum values;

Kruskal–Wallis test with Dunn’s multiple comparison test. *P < 0.05, **P < 0.01.
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Figure 3 Association of baseline retinal layer measures with dis-

ease course. Cumulative fraction of individuals with radiologically

isolated syndrome converting to multiple sclerosis in individuals

stratified according to the population mean of their peripapillary

retinal nerve fiber layer (pRNFL) thickness (a) or ganglion cell

and inner plexiform layer (GCIP) volume (b). Survival analysis

with the log-rank test. HR, hazard ratio; CI, confidence interval.

[Colour figure can be viewed at wileyonlinelibrary.com]
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be a useful tool for risk stratification of persons with

RIS. Whilst OCT might be capable of identifying

those individuals with RIS with ongoing disease activ-

ity who are at a high risk for conversion to MS and

might benefit from an immunomodulatory treatment,

pRNFL and GCIP measures in persons with RIS who

are in the range of measures of healthy individuals

might justify a wait-and-see strategy.

Our study has several limitations. One limitation is

the low sample size that might have led to falsely posi-

tive results. RIS, however, is a rare condition and, to

our knowledge, this report represents the largest longitu-

dinal OCT study in RIS to date. One further constraint

of the present investigation is the short observation per-

iod in some individuals with RIS. It is possible that

more conversion events occurred after study termina-

tion. Also, with a total of 82%, this study contains a

high frequency of RIS individuals with CSF-specific

oligoclonal bands, which is a potential selection bias

towards a cohort with higher risk of conversion. Future

studies should address this limitation with larger cohorts

and longer follow-up periods. Also, there was no stan-

dard MRI protocol available for all RIS patients,

impeding additional volumetric MRI analyses.

Taken together, our data support the hypothesis of

different disease activity patterns amongst individuals

with RIS. Based on the literature [8] and data from

the present study, only a small fraction of individuals

with RIS converts to MS within the first years after

diagnosis. Here, OCT might be useful to distinguish

individuals with actively ongoing inflammatory disease

from non-active individuals with RIS. Further studies

are needed to confirm the predictive value of OCT in

individuals with RIS and should evaluate whether

OCT can be a suitable tool for risk stratification and

therapeutic decision-making in individuals with RIS.

Conclusions

Individuals with lower pRNFL and GCIP at baseline

were at higher risk of conversion to MS compared to

RIS individuals with higher retinal measures. In con-

trast to non-converters, only converters presented

accelerated atrophy rates of pRNFL and GCIP com-

pared to HCs. Therefore, OCT might be a useful

addition to risk stratification in individuals with RIS.
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