MULTIPLE

SCLEROSES | MS)
JOURNAL

Original Research Paper

Optic nerve double inversion recovery
hypersignal in patients with clinically isolated
syndrome is associated with asymptomatic
gadolinium-enhanced lesion
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Abstract

Background; Optic nerve involvement is not considered in dissemination in space (DIS) or time (DIT)
of multiple sclerosis (MS) lesions.

Objectives: To evaluate frequency of optic nerve involvement using three-dimensional (3D)-double
inversion recovery (DIR} sequence in clinically isolated syndrome (CIS) and to measure its relationship
with DIS and DIT (2010 and 2017 McDonald criteria).

Methods: From November 2013 to August 2016, 57 CIS patients underwent 3T-magnetic resonance
imaging (3T-MRI) including 3D-DIR sequence and optical coherence tomegraphy (OCT) at 3 months
after CIS. We assessed signal abnormalities of the optic nerves on DIR sequence and collected data for
D18 and DIT criteria according to 2010 and 2017 McDonald criteria.

Results: Among the 57 recruited patients, the presence of =1 DIR hypersignal in optic nerve was observed
in 36 (63%; 48 optic nerves) including asymptomatic hypersignal in 22 (38.5%; 25 optic nerves). Optic
nerve involvement was significantly associated with DIT (p=0.006) and MS according to 2010 criteria
{(p=0.01) but was not significantly associated with presence of DIS criteria according to 2010 and 2017
McDonald criteria. We identified a significant (p << 0.001) temporal peripapillary retinal nerve fiber layer
thinning on eyes with optic nerve involvement versus healthy controls.

Conclusions: Optic nerve involvement is very frequent at the earliest clinical stage of MS, It is associated
with the presence of asymptomatic gadolininm-enhancement and retinal axonal loss and may reflect the
inflammatory disease activity level.

Keywords: CIS, DIR, optic neuritis, MR, multiple sclerosis

Date received: 8 August 2018; revised: 30 October 2018; accepted: 7 November 2018

Introduction introduction of optic nerve as a fifth anatomical loca-

The diagnostic criteria of multiple sclerosis (MS)
have changed considerably over time, especially due
to the ability of magnetic resonance imaging (MRI) to
predict conversion in clinically definite MS.11n 2016,
the Magnetic Resonance TImaging in Multiple
Sclerosis (MAGNIMS) group proposed modifica-
tions of MRI criteria for the diagnosis of MS and
notably the addition of optic nerve as a fifth typical
location for dissemination in space (DIS).2 However,
although involvement of optic nerve is known to be
frequent in MS patients,*” evidence to support the

tion in the McDonald criteria are currently insuffi-
cient.87 The absence of a validated and homogeneous
assessment using MRI, neurophysiology, or optical
coherence tomography (OCT) to detect optic nerve
lesions is the main reason which motivated the 2017
Panel Membership not to include it in the 2017 revised
MS criteria.% Consequenily, there is an unmet need o
provide a consensual, and reliable tool, easily applica-
ble in clinical routine, to assess the involvement of
optic nerve in the patients with clinically isolated syn-
drome (CIS).
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Owver the past years, double inversion recovery (DIR}
sequence has been infroduced as a novel technique
that outperforms conventional MRI sequences for the
detection of cortical lesions.®® More recently, this
sequence demonstrated its usefulness fo detect spinal
cord? and optic nerve inflammatory lesions.!! By
achieving adequate cerebrospinal fluid (CSF) and
white matter suppression, the three-dimensional
(3D)-DIR sequence improved the detection of optic
nerve demyelinating lesions with a reported sensitiv-
ity and specificity of 95% and 94%, respectively, but
this study only concerned patients with symptomatic
optic neuritis (ON) and did not investigate optic nerve
demyelination in visually asymptomatic CIS
patients.!! Tntra- and inter-observer agreements have
been previously reported as cxcellent.''? Despite
these promising results, the use of DIR imaging tech-
nique is not established for the diagnosis of MS in
clinical routine, and there are only few data about the
utility of this sequence in the evaluation of asympto-
matic optic nerve demyelination.!%#

The aim of this study was to investigate in a cohort of
CIS patients the frequency of optic nerve involvement
(asymptomatic and symptomatic} on 3D-DIR
sequence and its association with the DIS and dis-
semination in time (DIT) criteria for relapsing-—remit-
ting multiple sclerosis (RRMS) according to
McDonald 2010 and 2017 criteria at baseline.

Materials and methods

CINQCIS study is a prospective follow-up (FU) study
of CIS patients, including clinical and imaging (MRI,
OCT) parameters. Its aim is to search new potential
biomarkers which could have a prognostic value in
MS. This study was approved by our local ethical
committee of Lille University Hospital. All partici-
pants provided written consent. Between November
2013 and August 2016, we prospectively enrolled 57
patients who presented with a first symptomatic epi-
sode of central nervous system (CNS) demyelination.
Inclusion criteria were age 18-63 years, a CIS inthe 3
previous months, and the absence of previous history
of newrologicai symptoms. CIS was defined as a
monophasic, focal or multifocal, clinical episode of
CNS demyelination, developing acutely or suba-
cutely, with a duration of at least 24hours, in the
absence of fever or infection, and not attributable to
other CNS diseases. All patients were followed at
Lilie MS center (France), had a diagnosis work-up
including standard brain % spinal cord MRI, lumbar
puncture, and had a complete comprehensive work-
up at onset to riule out mimickers of MS. CIS patients
who developed clinically definite multiple sclerosis

(CDMS) soon after their CIS and before inclusion
period were excluded. Data on sex, age at CIS onset,
type of onset, and presence of oligoclonal bands
(OCBs) were collected.

MRI protocol

Each patient underwent both brain and spinal cord MRI
at 3months after CIS. In owr analysis, we did not con-
sider the previous standard brain *spinal cord MRI
performed during the diagnosis work-up. In our study,
MRI examinations were performed on a 3-Tesla MR
system {Achieva; Philips Medical Systems, Best, The
Netherlands) and included 3D sequences (T1, fluid-
attenvated inversion recovery (FLAIR), DIR,
T1-gadolinitun) on the brain and two-dimensional (2D)
sagittal acquisitions (T1 and T2-SPAIR sequences)
on spinal cord. MRI pammeteis of 3D-DIR were
as follows: sagittal acquisition, voxel size
{1.2mm X 1.2mm X 0.65mm), TR 5500, TE 252, TI
Dual 625/2600, NEX 2, fat suppression SPIR, malrix
size 208 X 208, FOV 250 X 250 X 195, number of slices
300, and CS factor 2. During the 3D-DIR acquisition!!
(Figure 1), patients were asked to close their eyes and to
avoid cye movements as much as possible.

Image analysis

MRI images weie interpreted independently by two
trained examiners (F.L. and O.Q.); discordant results
were reconsidered to reach a consensus. Within cach
patient, the presence/absence of T2-weighted lesions
in each of the four anatomical areas for demyelinating
MS lesions,!'$ the presence/absence of gadolinium-
enhancing lesions, and the presence/absence of uni-
or bilateral optic nerve DIR hypersignal were
recorded. Therefore, we investigated the frequency of
optic nerve DIR hypersignal and also more specifi-
cally asymptomatic optic nerve DIR hypersignal at
baseline and its association with DIS and DIT accord-
ing to McDonald 2010 and 2017 criteria.

ocr

At the time of MRI, bilaterat OCT scan (Speciralis;
Heidelberg Engineering, Heidelberg, Germany)
respecting OSCAR-IB quality criteria was per-
formed.™ We measured the peripapillary retinal nerve
fiber layer (pRNFL) thickness in the temporal quad-
rant which is early's and more specifically affected in
MS!6 (12°, 3.4-mm circular scan around the papilla
with a minimum of 50 automatic real time). All CIS
patients were matched (1:1) to healthy controls (HCs)
extracted from our local OCT database according to
age and sex.!6
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Figure 1. Optic nerve imaging with 3D-DIR sequence.
(a) CIS patient presenting a spinal cord syndrome.
3D-DIR axial reconstruction showed an asymptomatic
DIR hypersignal of the orbital portion of the right optic
nerve (yellow arrow). (b) CIS patient presenting with a
left clinical episode of ON. 3D-DIR axial reconstruction
showed one symptomatic DIR hypersignal of the
orbital portion of the left optic nerve (red arrow) and
two asymptomatic DIR hypersignal of the orbital

and prechiasmatic portions of the right optic nerve
asymptomatic (vellow arrows). CIS; clinically isolated
syndrome; 3D-DIR: 3-dimensional double inversion
recovery.

Statistical analysis

The frequency distribution of variables was obtained
using contingency tables. Chi-square test was used to
evaluate the significance between the two propor-
tions. Fisher’s exact test was used when one of more
of the cells had an expected frequency of 5 or less.
Mann-Whitney U test was used to compare ranks dis-
tribution of quantitative values of two groups. All
reported p values were two-sided and considered sta-
tistically significant if less than 0.05.

Results

Clinical findings

A total of 57 CIS patients were included. Of them, 40
(70%) were women. Mean age was 29.2 * 7Tyears, At
inclusion, no patient received any disease-modifying
treatment (DMT). Of the 57 patients, 21 (36.8%) pre-
sented with clinical episode of ON, 10 (17.5%) with
brainstem symptoms, 20 (35.1%) with spinal cord

symptoms, and another 8 (14.0%) patients had a dif-
ferent presentation (hemispheric  topography).
Monofocal presentation was predominant {96.5%),
two patients (3.5%) presented with a polyregional
onset (ON + hemispheric and ON + spinal cord). Two
paticnts (9.5%) had bilateral ON simultaneously;
none had anti-MOG (myelin oligodendrocyte glyco-
protein) or anti-aquaporin-4 antibodies. Of the 114
eyes, 1 was excluded because of right-sided eye
agenesis.

Among all patients, one was lost during the 24 months
FU from CIS because of moving. During the
24 months FU, 45 patients (80.4%) started a DMT and
11 did not. These 11 patients did not developed CDMS
during FU. A majority of patienis started a treatment
before oceurrence of CDMS (n=32; 57.1%) and were
considered as “early treated.” In all, 22 patients were
early freated due to DIS and DIT observed on MRI at
3months from CIS and 10 were treated later
(9.4 = 6.0 months) due to DIS and DIT observed on
MRI FU. Among the 32 patients starting DMT before
CDMS, half presented a clinical episode of ON
(n=16) as CIS and two-thirds (n=22) presented a
symptomatic or asymptomatic optic nerve involve-
ment on MRI. In all, 23 patients developed a CDMS
during the 24 months FUJ, Among patients developing
a CDMS, a majority (n=13; 56.5%) were not treated
at the time of the second clinical relapse. Among
patients not developing CDMS (n=33), a majority
(n=22; 66,7%) were early treated. Among “early
treated” patients (n=32), one-third developed a
CDMS (n=10; 31.3%), and among “not early treated”
patients (rr=24), more than half developed a CDMS
(n=13; 54.2%).

MRI findings

Among the 57 patients, all had =1 periventricular
lesions, 44 (77%) had =1 juxtacortical lesions, 39
(68%) had =1 infratentorial lesions, 37 (65%) had
=1 spinal cord lesions, and 26 (46%) had =1 gado-
linium-enhancing lesions. All gadolinium-enhancing
lesions were asymptomatic except for one patient
who had both symptomatic and asymptomatic gado-
linium-enhancing lesions.

MRI quality of 3D-DIR sequence allowed MRI anal-
ysis in good conditions.! The distribution of optic
nerve lesions is reported in Figure 2. The presence of
=1 optic nerve DIR hypersignal was observed in 36
(63%) of the 57 patients (48 optic nerves among 113
eyes). All patients with clinical episode of ON (#=21,
37%; 23 optic nerves) had a sympiomatic optic nerve
DIR hypersignal, whereas 22 patients (38.6%; 25
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Figure 2. Flowchart describing the distribution of symptomatic and asymptomatic optic nerve DIR lesions in the 57 CIS
patients and in the 113 optic nerves included in the prospective study. CIS: clinically isolated syndrome; DIR: double

inversion recovery.
*One optic nerve was excluded because of eyc agenesis.

optic nerves) had an asymptomatic optic nerve DIR
hypersignal. Among these 22 patients, 7 had a clinical
episode of ON in the opposite eye and 15 had only
asymptomatic optic nerve DIR hypersignal represent-
ing 42% of non-ON CIS. Three patients had a bilat-
eral asymptomatic DIR hypersignal. Of the 113
included eyes, 48 (42%) had an optic nerve DIR
hypersignal.

Optic nerve involvement and OCBs

In total, 47 (82.5%) patients had intrathecal IgG syn-
thesis (data not available for 1 patient). Presence of
OCBs was not associated with presence of asympto-
matic optic nerve DIR hypersignal (7=0.96) or pres-
ence of optic nerve DIR hypersignal (p=0.296).

Optic nerve involvement and 2010 revised
McDonald criteria

According to the 2010 revised McDonald criteria, 53
(93%) patients had DIS and 26 (46%) had DIT.
Consequently, 25 (44%) had both DIS and DIT.

Presence of asymptomatic optic nerve DIR hypersig-
nal was not significantly associated with presence of
DIS (p=0.65) but was significantly associated with
DIT (asymptomatic Gd enhancement; p=0.03) and
MS defined according to 2010 criteria (p=0.017).

Presence of optic nerve DIR hypersignal (sympto-
matic or asymptomatic) was not associated with pres-
ence of DIS (p=0.61) but was significantly associated
with DIT (p=0.006) and MS according to 2010 crite-
ria (p=0.01).

Optic nerve involvement and 2017 revised
McDonald criteria

Data on OCB were missing for one patient presenting
asymptomatic spinal cord and periventricular lesions.
According to the 2017 revised McDonald criteria, 55
(96%) patients had DIS and 51 (89%) had DIT.
Consequently, 49 (86%) had both DIS and DIT.
Presence of asymptomatic optic nerve DIR hypersig-
nal was not significantly associated with presence of
DIS (p=0.51) or DIT (p=1) or MS according to 2017
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criteria (p=0.46), Presence of optic nerve DIR hyper-
signal (symptomatic or asymptomatic) was not asso-
ciated with presence of DIS (p=0.97) or DIT
(p=0.655) or MS according to 2017 ecriteria
(p=0.362).

Additive value of optic nerve as a fifth anatomical
ared for MS demyelinating lesion

Due fo one asymptomatic nerve hypersignal, one
additional patient would present DIS according to
McDonald 2010 criteria by considering optic nerve as
fifth anatomical area for MS demyelinating lesion.
This additional patient did not present DIT according
to McDonald 2010 criteria.

Due to one symptomatic optic nerve hypersignal, one
additional patient would present DIS according to
McDonald 2017 criteria by considering optic nerve as
a fifth anatomical area for MS demyelinating lesion.
This additional patient presented DIT according to
McDonald 2017 ciiteria.

Optic nerve involvement and development of
clinically definite M3 at 24 months after CIS

A total of 23 patients presented a CDMS in the
24months FU. We did not find any association
between CDMS occurrence and presence of asympto-
matic optic nerve involvement (p=0.73) or presence
of optic nerve involvement (symptomatic or asympto-
matic; p=0.72). More than half of our patients (#=32;
57.1%) were “carly treated.”

OCT findings

Within eyes with symptomatic optic nerve DIR hyper-
signal (7=23), we obscrved a significant temporal
pRNFL thinning {mean (in pm) =+ standard deviation
(SP); 569+11.64; p<<0.001) versus HC
(74.16 1 10.07). Within eyes with asymptomatic optic
nerve DIR hypersignal (n=25), we observed a signifi-
cant tfemporal pRNFL thinning (65.52+8.04;
p<0.001} versus HC (74.08 = 10.05). Within eyes with
optic nerve DIR hypersignal (n=48), we still observed
a significant temporal pRNFL thinning (61.39 - 10.74;
p<0.001) versus HC (74.11 *10.05). Within eyes
without optic nerve involvement (n=65), we did not
highlight any significant temporal pRNFL thinning
(70.96 = 9.28; p=0.14) versus HC (72.8 £ 11.0).

Discussion
Our results emphasize that involvement of optic
nerve, symptomatic or not, is very frequent at the

earliest clinical stage of RRMS and is associated with
presence of gadelinium-enhancing lesion, Including
optic nerve lesion as the fifth anatomical location may
slightly increase the number of patients presenting
DIS. We did not find association between optic nerve
involvement on MRT at CIS and occurrence of CDMS
at 2 years, possibly due to therapeutic intervention
before CDMS ocowrence.

In our situdy, findings showed that DIR sequence
detected a hypersignal of optic nerves in about two-
thirds of CIS patients including asymptomatic DIR
hypetsignalinone-third of CIS patients. Asymptomatic
optic nerve involvement is as much frequent as symp-
tomatic optic nerve involvement. Optic nerve is one
of the most commeon anatomic areas of infury in MS,
but its imaging is challenging and remains limited by
some jnherent artifacts surrounding the optic nerve
and that are produced by the perineural CSF and the
orbital fat, obscuring significantly the optic nerves. In
conventional MRI protocols, the best diagnostic per-
formance to detect acute ON is currently reached by
T2-weighted MR sequences that include both fat and
water suppression.'” The utility of fat saturation using
either short tau inversion recovery (STIR)} or fre-
quency-specific spectral presaturation  inversion
recovery (SPIR) techniques for the imaging of optic
nerves has been previously demonstrated.!®20 In a
study evaluating optic nerve by MRI, using STIR
sequence, in a series of 37 patients with history of
ON, the presence of asymptomatic optic nerve lesion
was observed in 20% of asymptomatic nerves, but
these data were not collected closed to the CIS.2!
Moreover, authors found that visual evoked potentials
(VEPs) were more sensitive than STIR sequence for
detecting optic nerve lesions.?! The major drawback
of STIR technigne concerns the high signal intensity
from the perineural CSF leading to volume averaging
between the signal intensity of the optic nerve on
T2-weighted images and the CSFE."7 Combining fluid
and fat suppression (2D coronal STIR FLAIR)
improves the accuracy for the detection of optic nerve
signal abnormalities by reducing susceptibility arti-
facts. Some of us have since demonstrated that the
diagnostic performance of 3D-DIR sequence, used in
this study, outperforms 2D STIR FLAIR sequence for
the detection of optic nerve signal abnormalities in
patients with ON, with a reported sensitivity and
specificity of 95% and 94%, respectively. However,
this study only focused on patients with symptomatic
ON and did not investigate optic nerve demyelination
in visually asymptomatic CIS patients.!! In accord-
ance with our results on a CIS population, we previ-
ously showed in MS that asymptomatic optic nerve
DIR hypersignal was observed in 20% of patients.

journals.sagepub.convhome/msj
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Moreover, this proportion may have been underesti-
mated because every patients included in this study
were previously affected by uni- or bilateral ON,12
More recently, Sartoretti et al.!? identified retrospec-
tively an asymptomatic DIR hypersignal in 78% of 95
MS patients without visual symptoms within the past
3years. However, the authors cannot affinm that
symptomatic ON did not occur in some patients
before the 3 years included in the study design.

Some previous neurophysiological studies have dem-
onstrated the ability of VEP to reveal asymptomatic
involvement of optic nerve in MS patients without
ON, in a percentage ranging from 35% to 93%, by
showing delayed VEP latency or decrease in ampl:-
tudes,?223 Indeed, OCT studies in CIS have showed
that the retinal nerve fiber layer is reduced not only in
eyes with a history of ON but also in eyes without any
clinical event of ON 152423

In this study, we found a significant association
between asymptomatic optic nerve demyelinating
lesion and diagnosis of RRMS according fo
McDonald 2010 criteria, In a recent analysis compar-
ing the performance of the 2010 McDonald and 2016
MAGNIMS criteria for MS diagnosis, the MAGNIMS
network showed only a minor improvement in sensi-
tivity of predicting development of a second attack
by adding optic nerve as a fifth location for DIS cri-
teria, with a reduced specificity.” They found optic
nerve inveolvement in 54% of 241 CIS patients.
However, this evaluation of optic nerves was not
homogeneous in the CIS cohort as it was based only
on VEP in most patients {91%), while only 3 of them
had optic nerve MRI and 19 had both MRI and VEP
assessment, These data did not provide sufficient evi-
dence for adding optic nerve in the 2017 revision of
DIS criteria for the diagnosis of MS. Although we did
not perform VEP at the same time, our results argue
for the utility of 3D-DIR sequence, a very sensilive
optic nerve MRI sequence for demyelinating lesions
detection, coupled with OCT analysis in further stud-
ies to determine the effect of including opiic nerve
assessment as an additional DIS criterion. Including
optic nerve as a fifth anatomical area for MS demy-
elinating lesions in our patients cohort would have
slightly increased the number of patients presenting
DIS. Purthermore, our results also highlight that
optic nerve lesions as asymptomatic optic nerve
lesions are associated with the presence of gadolin-
inm-enhancing lesions and may therefore reflect a
higher inflammatory disease activity. This observa-
tion might suggest that patients with a CIS in whom
optic merve lesion is identified are more likely
to have active disease and have a higher risk

for conversion to clinically definite MS, which is
consistent with the higher risk of relapse(s) in patients
presenting with ON in association with OCB and
clinically silent brain Iesions.? So, we could postulate
that a more infensive monitoring may be warranted in
the patients who have an optic nerve lesion but do not
fulfill the 2010 and 2017 McDonald criteria.
According to our results, it could also be discussed
that presence of optic nerve lesion(s), as asympto-
matic gadolinivm enhancement and OCB, may help
to demonstrate DIT in MS. This point cannot be ana-
lyzed specifically by our cross-sectional analysis but
needs a longer longitudinal FU study in a larger
cohort taking into account an important bias factor
represented by early and different MS treatments
applied to CIS that may delay the second clinical
relapse and T2 lesion burden increase. Indeed, more
than half of our patients have been treated before
development of CDMS. CINOCIS study inclusions
are currently ongoing and a longer longitudinal FU
with a larger cohort is warranted.

We did not observe any significant link between the
presence of an optic nerve hypersignal and DIS or
OCB. However, a very high proportion of patients
presented DIS or OCB and a very narrow proportion
did not. It would be iimportant to increase the size of
our cohort to be able to compare those groups. In our
study, the MRI protocol only included 3D sequences.
The 3D imaging has probably increased our ability to
detect small (but =3 mm) demyelinating lesions sug-
gestive of MS and comsequently the number of
patients presenting DIS.

This study has some limitations. We acknowledge our
exploratory siudy was limited by its quite small size.
The absence of histopathological data regarding optic
nerve injury and the absence of VEP analysis may
raise doubts about the specificity of the signal abnor-
malities observed. However, the DIR sequence was
highly pathologically specific for detecting MS corti-
cal lesions in a previous post-mortem verification
study,®?¢ and corroboration of optic nerve involve-
ment was provided by OCT evaluation which showed
a corresponding retinal thinning in all patients with
DIR optic nerve hypersignal symptomatic or not, and
the absence of significant retinal thinning in patients
without optic nerve involvement in comparisen with
HC. Then, we did not evaluate the inter-scanner reli-
ability of DIR sequence, which may be important to
broaden its scope and to enable multicenter studies.
Finally, we have assumed that the hypersignal found
on 3D-DIR sequence was always related to silent
demyelination, but another concomitant cause cannof
be formally ruled out.
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In conclusion, our study suggests that 3D-DIR
sequence is a very sensitive tool to detect a hypersig-
nal of the optic nerves in CIS patients, that this tech-
nique could be systematically included in the MRI
protocol to get an optimal optic nerve analysis at the
CIS occurrence, and may argue in favor of inclusion
of optic nerve lesions detection in the next revision
of MS criteria. Further studies including a larger
cohort of patients are required to confirm these
results and to assess the prognostic value of optic
nerve lesions detected with DIR in patients sus-
pected of MS.
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