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BACKGROUND AND PURPOSE: Radiologically isolated syndrome describes asymptomatic individuals with incidental radiologic abnor-
malities suggestive of multiple sclerosis. Recent studies have demonstrated that >40% of white matter lesions in MS (and often substan-
tially more) have visible central veins on MR imaging. This “central vein sign” reflects perivenous inflammatory demyelination and can assist
in differentiating MS from other white matter disorders. We therefore hypothesized that >40% of white matter lesions in cases of
radiologically isolated syndrome would show the central vein sign.

MATERIALS AND METHODS: We recruited 20 participants diagnosed with radiologically isolated syndrome after evaluation by a neu-
rologist. We performed 3T MR imaging of the brain and cervical spinal cord. White matter lesions were analyzed for the central vein sign.

RESULTS: Of 391 total white matter lesions, 292 (75%) demonstrated the central vein sign (central vein sign+). The median proportion of
central vein sign+ lesions per case was 87% (range, 29%-100%). When the “40% rule” that has been proposed to distinguish MS from other
disorders was applied, of 20 participants, 18 cases of radiologically isolated syndrome (90%) had =40% central vein sign+ lesions (range,
55%-100%). Two participants (10%) had <40% central vein sign+ lesions (29% and 31%). When the simpler “rule of 6” was applied, 19
participants (95%) met these criteria. In multivariable models, the number of spinal cord and infratentorial lesions was associated with a
higher proportion of central vein sign+ lesions (P = .002; P = .06, respectively).

CONCLUSIONS: Most cases of radiologically isolated syndrome had a high proportion of central vein sign+ lesions, suggesting that
lesions in these individuals reflect perivenous inflammatory demyelination. Moreover, we found correlations between the proportion of
central vein sign+ lesions and spinal cord lesions, a known risk factor for radiologically isolated syndrome progressing to MS. These findings
raise the possibility, testable prospectively, that the central vein sign may have prognostic value in distinguishing patients with radiolog-

ically isolated syndrome at risk of developing clinical MS from those with white matter lesions of other etiologies.

ABBREVIATIONS: CVS = central vein sign; RIS = radiologically isolated syndrome

M ultiple sclerosis is an inflammatory demyelinating disease
of the central nervous system characterized by relapsing or
progressive neurologic symptoms and focal white matter lesions.'
Histopathologic studies have shown that these WM lesions, when
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they first form, arise from inflammatory infiltrates around small

veins, or “perivascular cuffs.”?

On conventional MR imaging, MS
lesions typically manifest as focal areas of high signal on T2-
weighted images of the brain and spinal cord. However, focal
T2-hyperintense WM lesions can be seen in a variety of settings,
including normal aging, migraines, microangiopathy, and CNS
vasculitis. Misinterpretation of such lesions is the most common
cause of incorrect MS diagnosis,” and partly to address this issue,
one can only apply the current MS diagnostic criteria in the setting
of typical clinically isolated syndrome.*® Diagnosing MS when
such a syndrome is not present is therefore challenging.

Recent studies using high-resolution, susceptibility-based MR
imaging sequences have demonstrated an identifiable vein inside
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WM lesions, called the “central vein sign” (CVS).>”*! On these
scans, the CVS is typically visible as a hypointense line that is
centered within the lesion; the hypointensity reflects the presence
of a paramagnetic substance, either deoxyhemoglobin or, in some
circumstances, a gadolinium-based contrast agent.”'"'* Previous
studies assessing the CVS in MS have reported that a high fre-
quency of WM lesions in MS demonstrate the CVS compared
with WM lesions seen in microangiopathic disease, migraines,
CNS inflammatory vasculopathies, and neuromyelitis optica
spectrum disorders. »®!%13717:192% O the basis of these studies, a
cutoff threshold of 40% (in which =40% of WM lesions demon-
strate the CVS) has been proposed to distinguish MS from
non-MS disease.” More recent studies have proposed more sim-
plified criteria, such as the “rule of 6,” whereby if >6 WM lesions
demonstrate the CVS, MS can be distinguished from other WM
disorders.'>*"*?

Radiologically isolated syndrome (RIS) describes asymptom-
atic individuals or those with neurologic symptoms that are not
typical of MS, whose MR imaging scans show abnormalities typ-
ical of those seen in clinical MS.** Individuals with RIS have an
increased risk of eventually developing clinical MS, but long-term
prospective studies are lacking. The largest, multicenter, retro-
spective study has shown that 34% of patients with RIS eventually
manifest clinically definite MS during 4.4 years.”> Factors that
increase the risk of conversion to MS include the following: male
sex, younger age (younger than 37 years of age), and the presence
of =1 spinal cord lesion on MR imaging.*>*® Another study dem-
onstrated that among individuals with RIS who develop MS,
11.7% develop primary-progressive MS, and these individuals are
more likely to be older and male and have spinal cord lesions.*”
These data suggest that at least a portion of patients with RIS have
a subclinical form of MS; of these, many may never develop clin-
ical MS.

Currently, there is no consensus on the optimal clinical man-
agement of RIS because the natural history remains unclear and
there are no evidence-based treatment or management guide-
lines. Moreover, the current diagnostic criteria for RIS** likely
result in a heterogeneous group of participants being designated
as such, including those who are at risk of developing MS and
those who have a minimal risk. This result is likely because the
diagnostic criteria for RIS are based entirely on lesion number and
distribution (Barkhof?® criteria for dissemination in space), crite-
ria that were originally intended to be applied to individuals with
symptomatology clinically suggestive of demyelinating dis-
ease. As a result, the current RIS criteria®* have limited ability
to reflect underlying subclinical demyelinating pathology,
which represents individuals at high risk of developing MS.*’
Accordingly, assessing the CVS in WM lesions of RIS may be
helpful to better evaluate the underlying pathologic processes
of this entity and determine which individuals are at risk of
eventually developing clinical MS.?° To date, the presence of
the CVS has not been evaluated in RIS, to our knowledge.
Therefore, the objective of this study was to determine whether
adults with RIS have similar proportions of lesions positive for
CVS (CVS+ lesions) compared with those previously reported
in clinical MS.

MATERIALS AND METHODS

Standard Protocol Approvals, Registrations, and Patient
Consent

This study was approved by the institutional review board of St.
Michael’s Hospital. All participants provided written informed
consent.

Participants

Twenty adults diagnosed with RIS by a neurologist at the St. Mi-
chael’s Hospital MS Clinic were recruited for prospective clinical
and MR imaging evaluation between July 2017 and December
2017. Because RIS is a rare entity’' and the central vein sign has
not yet been evaluated in RIS, we were not able to perform sample
size calculations of power analyses. Inclusion criteria were 18
years of age and older and meeting previously published clin-
ical and MR imaging criteria for RIS,** which include the pres-
ence of asymptomatic WM abnormalities that are ovoid, well-
circumscribed, =3 mm in maximal diameter, and fulfilling 3 of
4 Barkhof criteria®® for dissemination in space (lesions in the
periventricular, juxtacortical, infratentorial, or spinal cord re-
gions). Brain MRIs were reviewed by experienced neuroradi-
ologists (S.S. and A.B.) and a neurologist (J.O.) to confirm
inclusion criteria. Individuals who had vascular risk factors
and a history of substance abuse or toxic exposure were
excluded.”*

Clinical Assessment

Within 30 days of MR imaging, study participants underwent an
examination by a neurologist. None of the participants experi-
enced a clinical relapse or neurologic symptoms suggestive of MS
between recruitment and the study visit.

MR Imaging

MR imaging was performed on a 3T scanner (Magnetom Skyra;
Siemens, Erlangen, Germany) with a 20-channel head-neck coil
and a 16-channel spine-array coil.

Brain MR Imaging

The following parameters were used for brain sequences—3D T1-
weighted MPRAGE: TR/TE/flip angle = 1900/2.52 ms/9°, num-
ber of averages = 1, slice thickness = 1 mm, in-plane resolution =
1 X 1 mm?, and number of slices = 176; 3D T2-FLAIR: TR/TE/
TI/flip angle = 4800/353/1800 ms/120°, number of averages = 1,
slice thickness = 1 mm, in-plane resolution = 1 X 1 mm?, and
number of slices = 176; sagittal 3D T2*-weighted multishot echo-
planar imaging:” TR/TE/flip angle = 64/35 ms/10°, number of
averages = 1, slice thickness = 0.65 mm, in-plane resolution =
0.65 X 0.65 mm?, and number of slices = 265.

Cervical Spinal Cord MR Imaging

The following parameters were used for cervical spinal cord se-
quences—sagittal 2D-T1-weighted phase-sensitive inversion re-
covery of the cervical spine:*> TR/TE/TI = 2400/9.4/400 ms,
number of averages = 2, slice thickness = 3 mm, in-plane reso-
lution = 0.7 X 0.7 mm?, and number of slices = 15. A T2-
weighted sequence of the cervical spine was not performed.
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Image Analysis

Images were evaluated for the presence of the CVS by 3 reviewers:
aneuroradiologist (S.S.), a medical physicist (P.S.), and a neurol-
ogist (J.0.). All reviewers completed training in CVS assessment
according to the consensus criteria of the North America Imaging
in Multiple Sclerosis Cooperative.''

White Matter Lesion Evaluation

3D-T1-MPRAGE and 3D-T2-FLAIR images were evaluated for
the number, location, and size of WM lesions by a neuroradiolo-
gist (S.S.). WM lesion locations were classified into 4 typical loca-
tions of MS-related lesions in the brain, including cortical/juxta-
cortical (involving or touching the cortex), subcortical/deep,
periventricular (touching 1 of the ventricles), and infratentorial.
The size of the WM lesion was determined by assessing the largest
diameter of the lesion across all planes. The WM lesions with
hypointense signal lower than that on the cortex on T1-MPRAGE,
so called T1 black holes, were recorded.

The Multi-Atlas Cortical Reconstruction Using Implicit Surface
Evolution® was used to acquire volumes of brain substructures, total
lesion volume, and intracranial volume. The cerebral volume frac-
tion was calculated by dividing total brain volume by intracranial
volume.

CVS Assessment
3D-T2* EPI magnitude images with multiplanar reconstruction
were viewed in 3 orthogonal planes to assess the presence of the
CVS using recently published guidelines.'" Specifically, identified
central veins had to meet the following criteria: have a small ap-
parent diameter (<2 mm); appear as a thin hypointense line or
small hypointense dot; be visible in at least 2 perpendicular planes
and appear as a thin hypointense line in 1 plane, run partially or
entirely through the lesion; and be positioned approximately in
the center of the WM lesion. WM lesions of <3 mm in maximum
diameter, confluent or contiguous lesions, lesions containing >1
vein, and poorly visible lesions were excluded from this analysis.
Two reviewers (S.S. and P.S.) independently evaluated brain
MRIs and assessed each WM lesion that was designated as being
positive for the CVS (CVS+), or not. If there was discordance be-
tween the 2 reviewers, a third reviewer (J.O.) assessed the lesion and a
consensus was reached by discussion. The proportion of CVS+ WM
lesions in each participant was expressed as a percentage of the total
WM lesions in each participant. The CVS assessment was performed
blinded to the presence of spinal cord lesions and clinical information.
We applied 2 previously published criteria using the CVS
to distinguish MS from other WM disorders: the “40% rule,”
whereby a diagnosis of MS is likely if an individual has =40%
CVS+ WM lesions;” and the “rule of 6,” whereby a diagnosis of
MS is likely if an individual has =6 CVS+ WM lesions. For the
rule of 6, if an individual has fewer than 6 CVS+ WM lesions, but
CVS+ WM lesions outnumber non-CVS WM lesions, a diagnosis
of MS can still be considered. If neither of these conditions is met,

10

the diagnosis of MS is unlikely.

Cervical Spinal Cord Lesion Count
Sagittal 2D phase-sensitive inversion recovery images of the cer-

vical spine,”* which have been shown to have higher sensitivity for

32,34

cervical spinal cord lesions over T2-based imaging,”*”* were used
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to assess for cervical spinal cord lesions. Phase-sensitive inversion
recovery images were reviewed by 1 reviewer (S.S.), and the num-
ber of the cervical spinal cord lesions was evaluated, while the
reviewer was blinded to the CVS analysis and clinical information.

Statistical Analysis

Statistical calculations were performed using SPSS (Version 23.0;
IBM, Armonk, New York). Univariable and multivariable linear
regression was used to identify independent variables associated
with the proportion of CVS+ WM lesions. Statistical significance
was defined as P < .05.

RESULTS

Clinical Characteristics of Participants with RIS

This study included 20 adults with RIS. Fifteen participants (75%)
were women. and the mean age was 46.3 years (range, 25—62
years). None of the participants had any current or prior neuro-
logic symptoms suggestive of demyelinating disease. The neuro-
logic examination findings were normal in all except 4 subjects:
Three had a mildly diminished vibration sensation in the distal
lower limbs, and 1 subject had mild horizontal gaze-evoked nys-
tagmus without diplopia. Headache was the most common rea-
son (9/20, 45%) for the initial brain MR imaging being per-
formed. CSF studies were available in 6 of 20 participants with
RIS, and CSF-specific oligoclonal bands were detected in 5 partic-
ipants. Alternative diagnoses were clinically excluded by the treat-
ing neurologist and included a negative systemic autoimmune
screen in 18 of 20 participants. None of the subjects had under-
gone disease-modifying treatment used in MS. Table 1 summa-
rizes clinical and MR imaging characteristics, and Table 2 lists the
reasons for the initial brain MR imaging.

MR Imaging Findings

White Matter Lesions. A total of 997 WM lesions were identified.
The median number of WM lesions per participant with RIS was
33 (range, 9-165). Two hundred six WM lesions (21%) were T1
black holes. The number of WM lesions in specific brain regions
was as follows: 193 cortical/juxtacortical lesions (19%), 562 sub-
cortical/deep WM lesions (56%), 203 periventricular WM lesions
(20%), and 39 infratentorial lesions (4%).

Nine participants with RIS (45%) had lesions in the infraten-
torial brain. There were 16 participants with RIS (80%) who had
WM lesions involving the corpus callosum (49 WM lesions). T1
black hole lesions were found in 15 participants with RIS (75%).

Automated brain segmentation™ was performed in 18 partic-
ipants with RIS. The median brain volume was 1208 cm” (range,
1066—1468 cm?), the median total brain lesion volume was 3.9
cm?® (range, 0.3-17.9 cm?), and the median cerebral volume frac-
tion was 0.9 (range, 0.88—0.91). Of note, the automated brain
segmentation®* failed in 2 cases (Table 1).

Cervical Spinal Cord Lesions. Thirteen participants (65%) had
atleast 1 lesion in the cervical spinal cord. The median number
of lesions within the cervical spinal cord was 1 (range, 0—4)
(Table 1).

Central Vein Sign Assessment. Of 997 WM lesions, 606 (61%)
were excluded from analysis according to previously published



Table 1: Clinical and MRI characteristics of RIS participants

viduals did not have WM lesions with T'1

Clinical Characteristics

Participants (No.)

Age (mean) (SD) (yr)

Female (No.) (%)

No. of cases with positive oligoclonal band (No.) (%)

MRI characteristics

Brain lesions
Total brain lesion count (No.)
No. of brain lesions per case (median) (range)
Total brain lesion volume (median) (range) (cm
No. of cases with T1 black hole lesions (No.) (%)
No. of Tl black hole lesion count
No. of Tl black hole lesions per case (median) (range)
No. of brain lesions included in the analysis (No.) (%)
No. of brain lesions excluded from analysis (No.) (%)
Brain volume (median) (range) (cm?)®
Cerebral volume fraction (median) (range)®

No. of assessed brain lesion/total brain lesion by region (%)
Cortical/juxtacortical
Subcortical/deep
Periventricular
Infratentorial

Cervical spinal cord lesions
No. of cases with spinal cord lesions (No.) (%)
Total spinal cord lesion count

No. of spinal cord lesions per case (median) (range)

3)b

black holes or WM lesions involving the

20 corpus callosum.

jg’ ?7])57) Nineteen individuals with RIS (95%)
5 (83°/:) fulfilled the rule of 6 criteria.'® The sin-
gle individual who did not meet the rule
of 6 also failed to meet the 40% rule
997 (CVS+ WM lesions, 31%). There was 1
33; Eg_;f]? 9) participant who fulfilled the rule of 6 but
i 5 (7'5%) ’ failed to meet 40% rule (CVS+ WM le-

206 (21%) sions = 29%) (Table 3).
3.5(0-43) All the infratentorial lesions evalu-
391(39%) ated were CVS+ (13/13, 100%). Ninety-

606 (61%)

three percent (56/60) of periventricular
WM lesions were CVS+, 78% (70/90)
of cortical/juxtacortical WM lesions

1208 (1066-1468)
0.90 (0.88-0.91)

90/193 (47%) were CVS+, and 67% (153/228) of sub-
228/562 (40%) cortical/deep WM lesions were CVS+
60,203 (30%) (Fig 3).
13/39 (33%)
13 (65%) Correlations between the

30 Proportion of CVS + WM Lesions
1(0-4) and Clinical/MR Imaging Variables

@ CSF analysis for oligoclonal bands was available in 6 of 20 cases.

© Automated brain lesion volume measurements were obtained from 18 cases (n = 18). Automated brain segmentation

failed in 2 cases.

Table 2: Reasons for performing initial brain MRI

Reasons (No.) (%)
Headache 9 (45%)
Work-up for pituitary adenoma 2(10%)
Transient paraphasic symptoms atypical for 2 (10%)
demyelinating disease
Intermittent subjective cognitive symptoms 1(5%)
Intermittent nocturnal tremor 1(5%)
Pars planitis 1(5%)
Sinusitis 1(5%)
Back pain 1(5%)
Dental pain 1(5%)
Tinnitus 1(5%)

CVS criteria,"" leaving 391 WM lesions (39%) for analysis. Of
these, 292 (75%) were CVS+, whereas 99 (25%) did not demon-
strate the CVS.

One hundred fourteen of 391 assessed WM lesions were T1
black holes. Of these, 106 T1 black hole lesions (93%) were CVS+.
Conversely, 106 of 292 CVS+ WM lesions (36%) were T1 black
holes.

The median proportion of CVS+ WM lesions per participant
was 87% (range, 29%—100%). When we applied the 40% rule,” 18
(90%) had =40% CVS+ WM lesions (range: 55%—-100%) and 2
(10%) had <40% CVS+ WM lesions (29% and 31%) (Figs 1
and 2). Of note, the 2 individuals who did not meet the 40% rule
did not have any visible infratentorial lesions or spinal cord le-
sions. These 2 individuals underwent initial brain MR imaging for
work-up of pituitary adenoma and headache, which allowed
identification of the WM lesions. When the WM lesions in these 2
individuals were scrutinized retrospectively, most were small (<3
mm), punctate, rarely confluent, and located predominantly in
the anterior subcortical and deep WM. Furthermore, these indi-

Univariable regression analyses showed
that the number of cervical spinal cord
lesions was associated with a higher pro-
portion of CVS+ WM lesions (P = .04).
In multivariable regression models, including age, sex, number of
brain WM lesions, cervical spinal cord lesions, and infratentorial
lesions, age and the number of cervical spinal cord lesions showed
a significant relationship with the proportion of CVS+ WM le-
sions (P = .01 and .002, respectively), and the number of infraten-
torial lesions showed a trend toward a significant relationship
(P = .06). On the other hand, the total number of baseline WM
lesions did not show a significant association with the proportion
of CVS+ WM lesions (P = .29) (Table 4).

DISCUSSION
In this study, we found that nearly all participants with RIS in our
cohort had a high proportion of CVS+ WM lesions, similar to
that previously been reported in MS.>*'*>*?% Furthermore, a
large proportion of our RIS cohort (18/20,90%) met the 40% rule
(Fig 1 and Table 3),® which has previously been proposed to dis-
tinguish WM lesions observed in MS from other WM disorders.®

This is the first study assessing those with the CVS in RIS, a
valuable population to evaluate because RIS is currently the ear-
liest detectable stage of MS. Historically, asymptomatic inflam-
matory demyelinating lesions have been identified in postmortem
series, with the estimated prevalence ranging from 0.08% to
0.2%.%°*% However, the true prevalence and natural history of
RIS remain unknown, making this entity challenging to manage
from a clinical perspective. The largest retrospective study to date
suggests that 34% of individuals with RIS develop clinical MS
during a follow-up of ~5 years.>

This study suggests that most MR imaging—visible lesions in
RIS are consistent with perivenous demyelination, corroborating
the notion that most of these individuals have typical MS pathol-
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ogy and are at risk of converting to MS. Identifying large propor-
tions of CVS+ WM lesions may have significant clinical implica-
tions for monitoring these participants and potentially initiating
disease-modifying treatment. Prospective follow-up of this co-
hort will test the hypothesis that the proportion of CVS+ WM
lesions in RIS has (either positive or negative) prognostic value.
Furthermore, we also found T1 black holes in most subjects, and
most T1 black holes demonstrated the CVS, suggesting that the
observed WM lesions include destructive axonal pathology. It will
also be of interest to evaluate the prognostic value of T1 black
holes in RIS prospectively.

Current diagnostic criteria for MS emphasize lesion location
as a helpful factor in the differential diagnosis of clinically isolated
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RIS participants

FIG1. Proportion of white matter lesions demonstrating the central
vein sign per case and the 40% rule. Eighteen patients with RIS (90%)
met the 40% rule, whereas 2 did not.

FIG 2. White matter lesions with evident central vein signs in 2 different radiologically isolated
syndrome cases, as seen on axial reconstructed 3D-T2*-weighted segmented echo-planar imag-
ing sequences and 3D-T2-weighted FLAIR sequences of the brain, and sagittal TI-weighted phase-
sensitive inversion recovery of the cervical spinal cord. A 50-year-old woman in whom most (90%)
of the white matter lesions demonstrate the central vein sign (A, arrows). This individual also has
evident infratentorial (B, arrows) and cervical spinal cord lesions (C, arrow). A 53-year-old woman
with a small proportion (29%) of white matter lesions demonstrating the central vein sign (D,
arrow). This individual did not have any infratentorial (E) or cervical spinal cord lesions (F).
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syndrome. When the WM lesions in our participants with RIS
were classified by location, we found that the posterior fossa had
the highest frequency of CVS+ lesions, followed by periventricu-
lar and cortical/juxtacortical locations. On the other hand, sub-
cortical and deep WM lesions had the lowest frequency of CVS+
lesions (Fig 3). Previous studies that assessed only supratentorial
lesions®”® found that the periventricular location had a high prev-
alence of CVS+ lesions. Our observation of a very high propor-
tion of CVS+ lesions in the infratentorial region is of interest and
is likely because lesions in the infratentorial region are not com-
monly seen with microangiopathy or migraines, common mimics
of MS on MR imaging scans. The high prevalence of infratentorial
CVS+ lesions observed in our study highlights the importance of
assessing lesions in this region of the brain when evaluating RIS
and in patients in whom the diagnosis of MS is a possibility.

We found a significant correlation between the number of
spinal cord lesions and the proportion of CVS+ WM lesions (Ta-
ble 4). Given that previous studies have shown that the presence of
a spinal cord lesion is one of the strongest predictors of RIS con-

S,7>2%?% this finding raises the possibility that the

verting to M
proportion of CVS+ WM lesions may similarly be a predictor of
RIS conversion to MS. In addition, the number of infratentorial
lesions in participants with RIS also showed a trend toward cor-
relating with the proportion of CVS+ WM lesions, which, to-
gether with the observation that the infratentorial region has the
highest proportion of CVS+ lesions, suggests that assessing le-
sions in this region for the CVS may be of value from a prognostic
standpoint. Given the cross-sectional nature of this study, how-
ever, these observations simply raise plausible hypotheses. Pro-
spective follow-up of this cohort will be important to test these
hypotheses before any definitive conclusions can be drawn.

A small proportion (2/20, 10%) of our RIS cohort had a low
proportion of CVS+ WM lesions and
failed to meet the 40% rule (Fig 1 and
Table 3).° Notably, both of these indi-
viduals had no observable infratentorial
or cervical spinal cord lesions identified
on MR imaging (Fig 2D-F). Taken to-
gether, these findings suggest that the
WM lesions observed in these patients
lack perivenous demyelination and that
there is therefore a lower risk of develop-
ing clinical MS. Although these individ-
uals were considered to have RIS based
on the applied consensus criteria, in ret-
rospect, the imaging pattern was more
“nonspecific”: Few lesions had the typi-
cal ovoid configuration of MS lesions.
This finding highlights an important ca-
veat of current RIS criteria, that lesions
be typical of MS in the eyes of an expert
observer. The determination of “typi-
cal” is necessarily subjective and ex-
plains why RIS cohorts may be heteroge-
neous.*”*! In other words, it is not
surprising, given current criteria, that
some individuals diagnosed with RIS



Table 3: Comparison of CVS criteria for MS diagnosis in the RIS cohort

distinguished MS from non-MS dis-

No. of RIS Participants

eases, respectively. Because the lowest

MS Diagnostic Criteria

Using the CVS Positive for CVS Negative for CvS  proportion of these 18 participants with
40% rule 18 (90%) 2(10%) RIS with =40% CVS+ WM lesions was
Rule of 6 19 (95%) 1(5%) 55%, applying either the 45% or 50%

FIG 3. White matter lesions demonstrating the central vein sign in different brain regions, using
3D-T2*-weighted echo-planar imaging. A, Infratentorial. B, Deep white matter. C, Periventricular.

D, juxtacortical.

Table 4: Relationships between the proportion of white matter lesions demonstrating the

central vein sign and demographic and MRI variables in cases of RIS

rule led to the same observation, high-
lighting that most participants with RIS
had high CVS+ WM lesions similar to
those in MS.

When we applied the rule of 6,'° the
more simplified method to assess the
CVS to our cohort, similar results were
observed with most RIS participants,
with the exception of 1 case. Only 1 case
did not fulfill the rule of 6, and this case
similarly failed to meet the 40% rule.
However, there was 1 case that failed to
meet the 40% rule but met the rule of 6.
On further scrutiny, this participant had
16 CVS+ WM lesions of the 61 WM le-
sions (29%). By way of comparison, the
individual who did not meet both sets of
criteria had 5 CVS+ WM lesions of a
total 16 WM lesions (31%)."'° These ob-
servations suggest that although there is
general agreement between the 2 sets of
criteria, the 40% rule may be more spe-
cific to individuals at risk of developing
MS and the rule of 6 may need to be
applied with caution in individuals with
a large number of WM lesions. In line
with this observation, another recent
study in MS has shown that the rule of 6
has lower specificity for MS.*' Although
applying the rule of 6 has the benefit of
efficiency and simplicity over the 40%

rule, in cases with high WM lesion loads,

Univariable Multivariable .
Variables Regression (P Value) Regression (P Value) app}}{lng the 400/_0 rule n}ay prevent fal.se-
e 7 o positive conclusions. Given the practical
S 30 n difficulty of computing the CVS propor-
Total No. of brain lesions 33 29 tion in such cases, future directions may
No. of infratentorial lesions 21 .06 include the development of automated
No. of cervical spinal cord lesions .04 .002 CVS detection algorithms*? that can be

may, in fact, have WM lesions related to other entities, such as
migraines, microangiopathy related to vascular risk factors, or
even other inflammatory disorders of the central nervous system.
Recent studies that have evaluated the CVS in other inflammatory
disorders, including neuromyelitis optica®® and central nervous
system inflammatory vasculopathies,*” have shown a significantly
higher proportion of CVS+ WM lesions in MS. Thus, the avail-
ability of an imaging sign that is pathologically specific for MS-
type lesions, such as the CVS, should improve the diagnosis of RIS
and allow appropriate identification of individuals who are truly
at risk of developing MS, rather than other disorders.

The other studies have proposed other cutoff thresholds, in-
cluding 45%,'**"' 50%,>* and 54%,>” of which the proportion of
CVS+ WM lesions =45%, =50%, and =54% can be used to

rapidly applied in clinical settings. A re-
cent study reported a promising automated CVS-detection pro-
gram that was able to distinguish MS from non-MS disease; how-
ever, the sensitivity and specificity of this program were lower
than those in manually obtained CVS proportions, suggesting
that refinements need to be made before such programs can be
practically used in clinical settings.

This study has a number of limitations. First, the sample size
was relatively small because RIS is a rare entity. Second, a signifi-
cant proportion of WM lesions were excluded from CVS analysis
in our RIS cohort (61%), which is in accordance with current CVS
identification criteria."'' In addition, due to the potential risks of
gadolinium (ie, gadolinium retention and nephrogenic systemic
fibrosis), our MR imaging protocol did not include a gadolinium-
based contrast agent, which has been demonstrated to increase
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visualization of central veins within small WM lesions on the 3D-
T2* EPI sequence due to its paramagnetic properties.”'"'* Nev-
ertheless, the observed prevalence of CVS in our RIS individuals
was high, and in light of our detailed findings in the 2 individuals
with <40% CVS+ lesions, the administration of gadolinium would
not likely have changed our conclusions. Furthermore, we were not
able to compare the CVS in RIS with that in a healthy control group
or with a group of patients with WM disorders other than MS; this
comparison would have been of interest. However, a number of prior
studies using similar methodologies have clearly demonstrated that
the CVS is rarely found in healthy controls®***>** and to a much
lower proportion in other WM disorders.”®'"'>?!">* Because this
study was performed using sequences identical to those in recent
studies and the CVS was evaluated by experienced investigators who
coauthored prior studies,””!"!!%21-2242%3 the lack of a control
group would probably not have changed our conclusions. Finally,
due to the cross-sectional nature of this study, we were unable to
evaluate the prognostic value of the CVS in RIS. However, prospec-
tive follow-up of this cohort is planned, which will be informative
and may eventually help guide clinical management.

CONCLUSIONS

In this study, we found that most individuals with RIS based on
current diagnostic criteria have a high proportion of lesions dem-
onstrating the CVS, similar to that seen in clinical MS. This find-
ing suggests that most patients with RIS have perivenous demy-
elinating pathology typical of MS. Moreover, we found significant
correlations between the proportion of CVS+ WM lesions and
spinal cord lesions in RIS, suggesting, by inference, that the CVS
may have prognostic value in RIS. This raises the possibility that
the CVS may be useful to distinguish patients with RIS at high risk
of developing clinical MS from those with truly nonspecific WM
lesions and therefore at minimal risk of developing clinical symp-
toms. Prospective follow-up of this cohort is planned, which will
enable a better understanding of the diagnostic and predictive
value of the CVS in RIS and of the natural history of RIS.
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