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Abstract

Objective: The central vein sign (CVS) and “paramagnetic rim lesions” (PRL) are emerging imaging bio-
markers in multiple sclerosis (MS) reflecting perivenular demyelination and chronic, smoldering inflam-
mation. The objective of this study was to assess relationships between cognitive impairment (CI) and the
CVS and PRL in radiologically isolated syndrome (RIS).

Methods: Twenty-seven adults with RIS underwent 3.0 T MRI of the brain and cervical spinal cord (SC)
and cognitive assessment using the minimal assessment of cognitive function in MS battery. The CVS and
PRL were assessed in white-matter lesions (WMLs) on T2*-weighted segmented echo-planar magnitude
and phase images. Multivariable linear regression evaluated relationships between CI and MRI measures.
Results: Global CI was present in 9 (33%) participants with processing speed and visual memory most
frequently affected. Most participants (93%) had =40% CVS + WML (a threshold distinguishing MS
from other WM disorders); 63% demonstrated PRL. Linear regression revealed that CVS + WML pre-
dicted performance on verbal memory(5=-0.024, p=0.03) while PRL predicted performance on verbal

memory (B=-0.040, p=0.04) and processing speed (= -0.039, p=0.03).

Conclusions: CI is common in RIS and is associated with markers of perivenular demyelination and
chronic inflammation in WML, such as CVS + WML and PRL. A prospective follow-up of this cohort
will ascertain the importance of CI, CVS, and PRL as risk factors for conversion from RIS to MS.
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Introduction

Radiologically isolated syndrome (RIS) refers to indi-
viduals with brain MRI lesions suggestive of multiple
sclerosis (MS), but without typical clinical symptoms.
Retrospective studies have identified putative factors
that increase the likelihood of developing MS over
~Syears, including male sex, younger age, and the
presence of a spinal cord (SC) lesion on MRI!
However, these have limited utility in guiding treat-
ment decisions, particularly in the absence of estab-
lished links with pathophysiologic processes underlying
clinical dysfunction in MS. Furthermore, there are as
yet no clinical trials demonstrating efficacy of existing
disease-modifying treatments (DMTs) in RIS.

Several emerging MRI measures hold promise as
diagnostic and prognostic biomarkers in MS, and

potentially, RIS. Using susceptibility-weighted imag-
ing techniques, veins located centrally within white-
matter lesions (WMLs) can be visualized (the
“central-vein sign” (CVS)).? Identifying a large pro-
portion of WML positive for the CVS(CVS + WML)
has significant utility in distinguishing MS from other
WM disorders.>* Paramagnetic rim lesions (PRLs)
are another emerging imaging finding that histopatho-
logically correlates with a rim of activated microglia
and macrophages which accompany chronic, ongoing
demyelination around WML.3 These chronic, smold-
ering lesions have been shown to be associated with
greater physical and cognitive disability in MS and
slowly expand over time, suggesting ongoing inflam-
matory disease activity.>¢ In two recent studies, we
demonstrated that the majority of RIS subjects have
CVS + WML >40%, a threshold that distinguishes
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MS versus other WM disorders, suggesting that most
WDMLs in RIS develop due to perivenular inflamma-
tion and demyelination.” Furthermore, we found that
the majority of RIS subjects have at least one PRL
suggesting that these patients harbor chronic inflam-
mation, raising the possibility that PRL may be a
prognostic biomarker of RIS converting to MS.#

Cognitive impairment (CI) affects 40%—-90% of peo-
ple with MS depending on disease subtype,® with
those impaired less likely to remain employed, main-
tain relationships and pursue leisure activities.!® CI is
also present in 30% of people with a clinically iso-
lated syndrome (CIS) and predicts early conversion to
MS.!! The cognitive picture with respect to radiologi-
cally isolated syndrome (RIS) is more equivocal with
some studies noting a prevalence similar to CIS,!%13
but more subtle deficits have also been reported.!*
The presence of CI in RIS is of particular interest as
these are individuals who came to medical attention
often by chance without overt functional difficulties.

To date, the relationships between CI and the CVS
and PRLs in RIS have not been evaluated. Given that
positive associations have been reported in clinically
definite MS, we hypothesized that a similar picture
would be present in RIS. Accordingly, the objectives
of this study were to evaluate the prevalence of CI in
our cohort of RIS subjects, and to characterize the
relationships between CI and a spectrum of MRI
measures of clinical relevance in MS, including the
CVS, PRLs, and brain and SC MRI measures. We
hypothesized that there would be correlations between
CI and the CVS, PRLs, and SC lesions in RIS.

Methods

Participants

Twenty-seven people diagnosed with RIS by a neurol-
ogist at a tertiary care MS clinic were recruited as a
prospective cohort for clinical and MRI evaluation
between July 2017 and August 2018. Inclusion
criteria were: =18 years of age and meeting published
clinical and MRI criteria for RIS (the presence of
asymptomatic WM abnormalities that are ovoid, well-
circumscribed, =3 mm in maximal diameter and ful-
filling 3 out of 4 Barkhof criteria for dissemination in
space.2!5 Brain MRIs were reviewed by two experi-
enced neuroradiologists (S.S. and A.B.), and a neurolo-
gist (J.O.) confirmed the inclusion criteria. Individuals
who were > 65years of age or who had a history of
vascular risk factors, neurological illness, major mental
illness (the presence of psychosis), significant sub-
stance abuse or toxic exposure were excluded.

Clinical assessment

Study participants underwent a neurological exami-
nation with a neurologist within 30days of the MRI
scan. None of the participants experienced neurologi-
cal symptoms suggestive of MS between recruitment
and the study visit.

Brain and cervical spinal cord MRI

MRIs were performed on a 3T scanner (Siemens
Skyra, Erlangen, Germany) with a 20-channel head-
neck coil and a 16-channel spine-array coil. Brain
sequence parameters consisted of:3D T1-weighted
magnetization-prepared rapid acquisition with gradi-
ent echo (MPRAGE): repetition time (TR)=1900ms,
echo time (TE)=2.52 ms, flip angle (FA)=9°, number
of averages =1, slice thickness=1mm, in-plane reso-
lution=1 x 1 mm?, and number of slices=176. 3D
T2-weighted fluid-attenuated inversion recovery
(T2-FLAIR): TR=4800ms, TE=353ms, FA=120°,
number of averages=1, slice thickness=1mm, in-
plane resolution=1 x 1mm?2 and number of
slices=176. 3D T2*-weighted segmented echo-pla-
nar imaging (EPI) providing magnitude and phase
images: TR=64ms, TE=35ms, FA=10°, number of
averages=1, slice thickness=0.65mm, number of
slices=265; in-plane resolution=0.65 x 0.65mm?2.1°
Phase images were prepared as previously described.!”

Cervical SC sequence parameters included: sagittal
2D T1-weighted phase-sensitive inversion recovery
(PSIR): TR=2400ms, TE=9.4ms, inversion time
(TI)=400ms, number of averages=2, slice thick-
ness=3mm, in plane resolution=0.7 x 0.7mm?2, and
number of slices=15.

Image analysis

All reviewers are experienced with evaluating for the
CVS and PRLs and have completed training in CVS
assessment according to the consensus criteria of the
North America Imaging in Multiple Sclerosis
(NAIMS) Cooperative.? CVS and PRL assessments
were performed blinded to clinical information and
the presence of SC lesions.

CVS assessment

3D T2-FLAIR and 3D T2* EPI images of each MRI
study were analyzed independently by two reviewers
(S.S. and P.S.) to assess WMLs for the CVS using
recently published NAIMS Cooperative guidelines.?
Central veins identified had to: have a small apparent
diameter of less than 2 mm, appear as a small hypoin-
tense dot or thin hypointense line or, be visible in a
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minimum of two perpendicular planes and appear as a
thin hypointense line in one plane, run partially or
through the entire lesion, and be positioned in the
approximate center of the WML. WMLs that were
excluded from this analysis were: less than 3mm in
maximum diameter, confluent or contiguous, con-
tained more than 1 vein, or poorly visible.

If there was disagreement between the two reviewers,
a third reviewer (J.0.) assessed the lesion, and con-
sensus agreement was obtained.

The proportion of CVS + WMLs in each RIS case
was expressed as a percentage of the total number of
WMLs within each RIS subject. Previously published
criteria that reportedly distinguishes MS from other
WM disorders—the “40% rule”—was applied.'®

PRL assessment

Three reviewers (S.S., P.S., and M.A.) independently
assessed each WML for the PRL. 3D T2-FLAIR and
phase images were reviewed by each reviewer.
WMLs were defined as being a PRL when either a
complete or incomplete rim of hypointense signal
(“paramagnetic rim”) was identified; signal in the
center of the lesion was either hyperintense or isoin-
tense to the extralesional white matter.'%20 WMLs
were excluded from the PRL analysis if they were
too small (<3 mm in greatest dimension) or poorly
visible on phase images. If there was disagreement,
all three reviewers re-evaluated the WML and
reached a consensus.

Brain volumetric analysis

Brain volumetric segmentation was performed on the
T1-MPRAGE and T2-FLAIR image data set using
Multi-atlas Cortical Reconstruction Using Implicit
Surface Evolution (MaCRUISE) to extract whole-
brain volume, intracranial volume, thalamic volume,
and gray-matter volume.?' Cerebral volume fraction
(CVF) was calculated according to the formula:
CVF=brain volume / total intra-cranial volume.
Thalamic fraction and gray-matter fraction were cal-
culated by dividing each volume by total intra-cranial
volume.

Cervical spinal cord lesion count

Sagittal 2D PSIR images of the cervical SC were
reviewed by a neuroradiologist (S.S.) to count the
total number of cervical SC lesions per case, while
blinded to clinical information and the CVS and PRL
analysis.

Cognitive assessment

All participants underwent a detailed neuropsycho-
logical assessment with the Minimal Assessment of
Cognitive Function in MS (MACFIMS),?2 which
comprises the following cognitive domains: (1) infor-
mation processing speed: Paced Auditory Serial
Addition test (PASAT) 2s and 3s versions'® and the
Symbol Digit Modalities Test (SDMT); (2) verbal and
visual memory: California Verbal Learning Test—II
(CVLT-II) and the Brief Visuospatial Memory Test
(BVMT); (3) executive function: Delis-Kaplan
Executive Function System Sorting Test; (4) visuos-
patial processing: Judgment of Line Orientation; and
(5) Verbal Fluency (Controlled Oral Word Association
Test). The cognitive data were converted to Z scores.
Failure on each test was defined as a score of 1.5
standard deviations (SD) below the normative mean,
based on the Canadian normative data for
MACFIMS.? By convention, global impairment was
defined as impairment on two or more cognitive
domains. Composite failure scores were obtained for
the domains of memory (CVLT, BVMT) and process-
ing speed (SDMT, PASAT-2, PASAT-3)

Statistical analysis

Statistical calculations were performed using STATA
15.0 (College Station, Texas). Linear regression anal-
yses were used to detect imaging predictors of cogni-
tive performance. The sample size allowed for three
imaging predictors for each cognitive variable. The
imaging variables of greatest interest were the pro-
portion of CVS + WML and PRLs. Thalamic fraction
and SC lesion count were included in each model as
independent covariates of interest as normalized tha-
lamic volume is a known correlate of cognitive dys-
function in people with established MS, and the
presence of SC lesions is a known risk factor for RIS
developing MS thereby making it likely that the pres-
ence of SC lesions would be relevant to cognitive
dysfunction in RIS, and therefore a variable that
should be controlled for as a confounding covariate.
CVS + WML and PRLs were evaluated in separate
models, as they were highly correlated (p=0.79,
p<<0.01; Spearman’s rank). Statistical significance
was set at p <0.05. There was no missing data with
regards to the variables of interest from the n=27
RIS cases.

Standard protocol approvals, registrations, and
patient consents

This study was approved by the Institutional Review
Board of St Michael’s Hospital. All participants pro-
vided written informed consent.
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Table 1. Clinical and MRI characteristics.

Clinical characteristics
Participants, n
Age, mean (range), years
Female, n (%)

MRI characteristics
Whole brain volume, mL

27
45.0 (11.3)
21 (78)

1183.8 (111.5)

Brain lesion volume, mL 1.0 (4.7)
Brain lesions per case, median (range) 34 (9-165)
CVF (SD) 0.887 (0.017)
Thalamic volume, mean (SD), mL 146.6 (18.2)
Thalamic fraction (SD) 0.011 (0.0016)
Cervical spinal cord lesion count, median (range) 1(0-4)
Number (%) of RIS cases with at least one cervical spinal cord lesion 18 (67%)
CVS lesions
CVS + WML count, 7 (%) 480 (76)
Percentage of CVS + WML per case, median (range) 86 (30-100)
Cases with>40% CVS + lesions, 1 (%) 25 (93)
PRL
PRL count, n (%) 129 (12)
Cases with PRLs, n (%) 17 (63)
PRLs per case, median (range) 1 (0-23)

MRI: magnetic resonance imaging; CVF: cerebral volume fraction; SD: standard deviation; RIS: radiologically isolated syndrome;
CVS: central vein sign; WML: white-matter lesions; PRL: paramagnetic rims lesion.

Data availability statement
Anonymized data will be shared by request from any
qualified investigator.

Results

We report cross-sectional results of this prospective
cohort of RIS cases. Demographic data are shown in
Table 1. The reasons for the initial MRI are dis-
played in Table e-1. None of the 27 RIS cases had
any current or prior neurological symptoms charac-
teristic of demyelinating disease. Nine of the cases
had incidental neurological findings, including
mildly impaired vibration sensation (n=7), brisk
reflexes (n=1), and horizontal gaze-evoked nystag-
mus without any associated visual deficits (n = 1).
One participant was involuntarily unemployed due
to mood and cognitive concerns. The remaining par-
ticipants were either employed (n=22), retired
(n=1), on disability related to a motor vehicle acci-
dent (n=1) or homemakers (n=2).

Ninety-three percent of participants had a proportion
of CVS + WML that was = 40% (the proposed thresh-
old that distinguishes MS from other WM disorders?),
63% demonstrated PRLs, and the mean proportion of
PRLs per subject was 12% (see Table 1 and Figure 1).

The majority of RIS cases (n=18, 67%) had at least
one cervical SC lesion. The median number of cervi-
cal SC lesions was 1 (range: 0—4). The number of SC
lesions correlated significantly with proportions of
CVS + WML (p=0.42, p=0.02) and PRLs (p=0.37,
p=0.04) respectively. However, SC lesions did not
demonstrate consistent relationships with any cogni-
tive tests. (Tables 3 and 4).

Global CI was present in 33% of participants. The
most frequently impaired domains were processing
speed (41%) and memory (33%). The individual test
impairment rates on the MACFIMS are shown in
Table 2.

A summary of CVS + WML, PRL, SC lesions, and
global CI by RIS case is presented in Table e-2.

Scatterplots demonstrating univariable correlations
between cognitive tests and the CVS+ WML and
PRLs are displayed in Figure 2(a) and (b). The results
of the multivariable linear regression analyses are
shownin Tables 3 and4. The proportion of CVS + WML
predicted performance on the CVLT (regression coef-
ficient B=-0.024, p=0.04). The proportion of PRLs
predicted performance on the CVLT, PASAT-3, and
SDMT (regression coefficient $=-0.040 and p=0.04;
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Figure 1. A 55-year-old man with radiologically isolated syndrome and a relatively high proportion of lesions with the
central-vein sign (87%) and lesions with paramagnetic rims (14%), as well as global CI. (a) 3D Axial FLAIR sequence
demonstrating T2-hyperintense white-matter lesions. (b) 3D Axial T2*-weighted segmented echo-planar magnitude
image demonstrating central veins within white-matter lesions (white arrows). (¢) Phase image (corresponding to the
magnitude image in B) demonstrating a paramagnetic rim (black arrow) in a white-matter lesion with a visible central

vein (white arrow).

Table 2. Cognitive impairment in RIS subjects.

Visual-spatial function

n of subjects (%)

JOLO#

Processing speed
Impaired
SDMT
PASAT3
PASAT2b

Executive function
Impaired
COWAT
DKEFS—correct sort
DKEFS—description

Memory
Impaired
CVLT—total
CVLT—delayed
BVMT—total

BVMT—delayed
Global impairment

3(11.5)

11 (40.7)
5(18.5)
5(18.5)
6(22.2)

4 (14.8)
4 (14.8)
2(7.4)
13.7)

9 (33.3)
2(7.4)
1(3.7)
6(22.2)
7(25.9)
9 (33.3)

COWAT: Controlled Oral Word Association Test; DKEFS:

Delis-Kaplan Executive Function System Sorting Test; JOLO:
Judgment of Line Orientation Test;

RIS: radiologically isolated syndrome; SDMT: Symbol Digit
Modalities Test; PASAT: Paced Auditory Serial Addition
test; CVLT: California Verbal Learning Test; BVMT: Brief

Visuospatial Memory Test.

20ne subject did not complete this test; total N=26 tested.
bSix subjects skipped PASAT-2; total N=21 tested.

B=-0.039 and p=0.03; 8=-0.031 and p=0.04, respec-
tively) (Tables 3 and 4). Thalamic fraction and SC
lesion count did not predict performance on any cogni-
tive index. There were no imaging predictors of perfor-
mance on the BVMT, PASAT-2, JLO or COWAT.
When we assessed multivariable linear regression
models including either CVF or gray-matter fraction
rather than thalamic fraction as independent covariates,
none of these measures predicted performance on any
cognitive tests (p >0.50 for all models), similar to tha-
lamic fraction.

Discussion

In our cohort of 27 adults with RIS, one third were
cognitively globally impaired with the domains of
processing speed and memory most frequently
affected. There were high proportions of CVS + WML
and PRLs, emerging MRI biomarkers indicative of
perivenous demyelination and chronic inflammation.
The proportion of PRLs was the most robust predictor
of processing speed and memory impairment.

Prior studies have demonstrated that the CVS is related
to perivenous inflammation and demyelination in
WML.!82* In recent years, there has been substantial
interest in the utility of the CVS as a diagnostic bio-
marker of MS, both to facilitate the diagnosis of MS
and to avoid misdiagnosis.?>?® The utility of the CVS in
both of these clinical scenarios has been demonstrated

journals.sagepub.com/home/msj
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Table 3. Relationships between tests of memory and information processing speed and CVS + WML and other MRI
measures in multivariable regression models (p-values displayed).

CVLT-total CVLT-delayed BVMT-total BVMT-delayed PASAT3 PASAT2 SDMT

CVS+WML  0.04 0.29 0.53
(proportion)

Thalamic 0.72 0.70 0.37
fraction

SC lesion 0.90 0.68 0.97
count

2 0.20 0.06 0.05

0.16 0.08 0.19 0.05
0.40 0.51 0.31 0.32
0.75 0.85 0.48 0.50
0.11 0.27 0.17 0.18

CVS: central vein sign; WML: white-matter lesions; MRI: magnetic resonance imaging; CVLT: California Verbal Learning Test;
BVMT: Brief Visuospatial Memory Test; PASAT: Paced Auditory Serial Addition test; SDMT: Symbol Digit Modalities Test; SC:

spinal cord; 72: regression model coefficient of determination.
Significant/trend toward significant p=values bolded.

Table 4. Relationships between tests of memory and information processing speed and PRLs and other MRI measures in

multivariable regression models (p-values displayed).

CVLT-total CVLT-delayed BVMT-total BVMT-delayed PASAT3 PASAT2 SDMT

PRLs (proportion)  0.04 0.25 0.47
Thalamic fraction  0.29 0.97 0.55
SC lesion count 0.54 0.82 0.67
72 0.21 0.06 0.06

0.86 0.03 0.46 0.04
0.41 0.16 0.20 0.11
0.78 0.89 0.93 0.79
0.03 0.21 0.11 0.19

PRL: paramagnetic rim lesion; MRI: magnetic resonance imaging; CVLT: California Verbal Learning Test; BVMT: Brief
Visuospatial Memory Test; PASAT: Paced Auditory Serial Addition test; SDMT: Symbol Digit Modalities Test; SC: spinal cord; r?:

regression model coefficient of determination.
Significant/trend toward significant p=values bolded.

in numerous studies evaluating MS patients and indi-
viduals with other WM disorders.>*?7 There has also
been increasing interest in the ability of susceptibility-
weighted imaging techniques, such as 3D T2*-
weighted segmented echo-planar phase images, to
detect chronic, active lesions in MS by assessing for
PRLs.>1928 Chronic, active lesions are thought to be an
important pathological substrate of disease progression
in MS, and the ability to identify these lesions on MRI
may enable more rapid identification and monitoring
of disease progression in MS, which is a significant
unmet clinical need.? Recent studies have demon-
strated that PRLs are histopathologically related to
chronic lesions with an expanding border of microglia
and macrophages, and that the presence of larger num-
bers of PRLs are related to higher levels of physical
and cognitive disability, as well as progressive sub-
types of MS.> In this study, we found that the majority
of RIS subjects (93%) have a proportion of
CVS + WML that meets the threshold that reportedly
differentiates MS versus other WM disorders, and that
notably, there are correlations between CVS + WML
and CI. Furthermore, we found that the majority of RIS
subjects (63%) have at least one PRL, and that PRLs

also correlate with CI. Of note, the high proportion of
CVS + WML that we observe in our RIS patients is
likely due to our stringent application of published RIS
criteria, which require the presence of WML in 3 out of
4 characteristic locations (periventricular, juxtacortical,
infratentorial, or SC). These observations, together
with the lack of a correlation of CI in RIS with whole-
brain atrophy and thalamic fraction, suggest that the
CVS and PRL are sensitive at capturing subtle cogni-
tive deficits in RIS and raise the possibility that those
lesions are the basis of the cognitive deficits. In addi-
tion, when taking into account recent literature on
PRLs and clinical deficits in MS,° our findings suggest
that RIS subjects who demonstrate high proportions of
the CVS and PRLs may progress clinically, and there-
fore have a worse clinical prognosis than those who do
not. The observed correlations between the CVS,
PRLs, and SC lesions, which is an identified risk factor
associated with conversion of RIS to MS,! further sup-
ports the prognostic value of the CVS and PRLs in RIS.

Our finding of global CI in one third of participants is
in keeping with some earlier reports,'>!3 but exceeds
that noted by others.'* The most common deficits
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Figure 2. (a) Scatterplots of correlations between cognitive tests and the proportion of white-matter lesions
demonstrating the central-vein sign. (b) Scatterplots of correlations between cognitive tests and the proportion of white-

matter lesions that are paramagnetic-rim lesions.

detected, namely those of processing speed followed
by learning and memory, matches that seen in people
with clinically definite MS.3° Our data, however, differ
from the MS literature when it comes to brain corre-
lates of cognitive dysfunction. A well replicated find-
ing in this regard has been the robust association
between thalamic fraction, either measured directly3!
or via third ventricular width,3? and numerous indices
of CI, most prominently the SDMT. In those two stud-
ies, thalamic atrophy trumped other brain metrics
including T1 and T2 lesion volume, brain parenchymal
fraction and bi-caudate width as the most significant

imaging correlate of cognitive dysfunction. In the only
previous RIS study that included an imaging compo-
nent and detailed cognitive inquiry, thalamic volume
was not measured.'> However, two other markers of
atrophy, namely low cortical volume and T1 hypoin-
tense lesion volume, were significantly associated with
worsening cognitive performance. The reason for our
failure to find any marker of brain atrophy (thalamic or
whole-brain atrophy) linked to deficits in processing
speed and memory is unclear, but may reflect normal
brain volume, or the presence of a reduction in brain
volume as yet too subtle to significantly influence
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cognition. This negative finding was however offset by
the emergence of PRLs and CVS + WML proportions
as predictors of CI. While similar results have been
reported in people with confirmed MS, it has not previ-
ously been noted in individuals with RIS.

In linear regression models, we observed the most robust
correlations between CVS+ WML and PRLs with
CVLT-total, SDMT, and PASAT3 Z-scores. As SDMT
and PASAT3 were impaired in nearly 20% of our RIS
cohort, the observed correlations are in keeping with
what one would expect. On the other hand, CVLT-total
also demonstrated correlations with CVS + WML and
PRLs but was impaired in only 7% of subjects. Although
puzzling at first pass, this finding is linked to the perfor-
mance of three RIS subjects whose CVLT scores fell just
short of the 1.5 SD threshold used to define impairment.
However, the scatter plots demonstrate a clear linear cor-
relation between CVLT-total Z-scores and the imaging
measures, suggesting that CVLT performance is linked to
CVS+ WML and PRLs. From a mechanistic perspec-
tive, the observed correlations between cognitive tests
and CVS + WML and PRLs solidifies the link between
inflammatory processes in the brain and cognitive dys-
function albeit for the first time in a sample here of people
with no neurological illness.

Predicting which individuals with RIS will develop
MS is a key question. Five-year follow-up data
revealed the development of subsequent clinical
events in 34% of cases, with 9.6% meeting diagnostic
criteria for primary progressive MS.! Risk factors
identified were younger age, being male and a spinal
cord lesion. By 10years following first MRI, the
number of symptomatic individuals had increased to
50% with age, positive oligoclonal banding on cere-
brospinal fluid, and infratentorial and SC lesions
identified as risk factors.’> Whether cognition is
another negative prognostic factor for RIS converting
to MS is not yet known, but the data from people with
CIS suggests it may well be.!! Moreover, the relation-
ships that we observe with CI and the CVS + WML
and PRLs suggest that both of these imaging metrics
and CI may have clinical utility as potential markers
indicative of future MS. Specifically, administering a
brief cognitive battery focusing on memory and pro-
cessing speed may be an important “screening” tool
in RIS that is indicative of a poor prognosis, and can
guide clinical management. A brief cognitive battery
has the benefit of ease of administration without the
need for additional MRI scan time and specialized
image processing and analysis tools, which are factors
that are often prohibitive of widespread dissemination
and use of advanced imaging measures. Longitudinal
research will clarify these points.

Our data underscore the importance of a cognitive
assessment in people with RIS, which is typically not
done in clinical practice outside of large academic
centers. Here one cannot rely on the neurological
examination alone, for the ability of neurologists to
diagnose impairment without recourse to neuropsy-
chological testing is no better than chance.’*
Moreover, it is evident that employment cannot be
used as a surrogate measure of cognition, as only a
single individual in our RIS cohort was unemployed
due to performance difficulties at work. Current con-
sensus guidelines dictate that every person with MS
should have a baseline cognitive battery, and if that is
not possible because of limited resources and exper-
tise, at least a SDMT followed by a yearly SDMT to
monitor change.? In light of the emerging RIS cogni-
tive findings, this advice seems equally applicable to
this group as well.

Our study has a number of limitations, including a rela-
tively small sample size that is nevertheless comparable
to others in the literature,!>14 the absence of a control
group and a cross-sectional design. Furthermore, there
are no established guidelines regarding the identifica-
tion of the PRLs, particularly using 3T MRI platforms.

In conclusion, we found a substantial proportion of
individuals with RIS demonstrate global CI, despite
being seemingly neurologically asymptomatic and
without functional limitations. Furthermore, there
were observed correlations between CI and imaging
measures that are known to be related to chronic
inflammation and greater disability in established
MS. If substantiated by future longitudinal studies,
this study suggests that in addition to obtaining MRI
scans sensitive to the CVS and PRLs, a screening
cognitive test may be a useful and practical clinical
tool that can be used widely to guide clinical manage-
ment in RIS, currently an unmet clinical need.
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