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Introduction

Abstract

Objective: The diagnosis of multiple sclerosis (MS) presently relies on radio-
graphic assessments of imperfect specificity. Recent data using T2* methodol-
ogy for the detection of the “central vessel sign” (CVS) in MS lesions suggests
this novel MRI technique may distinguish MS from other disorders. Our aim
was to determine if evaluation for CVS on 3T FLAIR* MRI differentiates MS
from migraine. Methods: Patients with MS or migraine and a prior brain MRI
demonstrating at least two hyperintense lesions >3 mm were recruited. Exclu-
sion criteria included any additional comorbidity known to cause brain MRI
abnormalities. 3T MRI was performed in each participant with administration
of gadopentetate dimeglumine, and FLAIR* images were generated in postpro-
cessing. The total number of discrete ovoid lesions >3 mm were counted on
FLAIR, per participant, and subsequently evaluated for presence of CVS on
FLAIR*. An exploratory method evaluating for CVS in a maximum of 12
lesions per subject was also completed. Results: Ten participants with MS and 10
with migraine completed the study. The median percentage (quartiles) of lesions
in MS participants with CVS was 84 (79, 94) compared to 22 (15, 54) in migraine
(P =0.008). In a subanalysis by brain region, in the subcortical and deep white
matter, the median percentage (quartiles) of lesions in MS participants with CVS
was 88 (81, 100) compared to 19 (11, 54) in migraine (P = 0.004). This difference
was not identified in juxtacortical, periventricular, or infratentorial regions.
Interpretation: Identification of CVS using FLAIR* on 3T MRI helps differentiate
MS from migraine, particularly in the subcortical and deep white matter.

The development of novel imaging techniques may
improve the ability to distinguish MS from other disor-

There remains no single highly accurate diagnostic test for
multiple sclerosis (MS). At present, therefore, the diagnosis
of MS relies on the combined interpretation of clinical, lab-
oratory, and radiographic assessments." MS diagnosis can
be challenging, particularly since a number of syndromes
and diseases may mimic its clinical and/or radiographic
appearance.> In spite of the refinement of diagnostic crite-
ria over the last several decades, misdiagnosis of MS has
remained a significant problem,”® with the potential to
result in clinical and psychosocial sequelae as well as sub-
stantial unnecessary cost to healthcare systems.*’

ders. One such method may be detection of the “central
vessel sign” (CVS).'° It has been known from histopatho-
logical studies at autopsy that most MS lesions are cen-
tered around veins,'' and only recently have a variety of
imaging techniques using susceptibility-weighted imaging
on ultrahigh-field 7-tesla (T) research magnets demon-
strated this relationship in vivo.">'” A small number of
studies have also evaluated the ability of 3T scanners,
which are used routinely in clinical practice, to detect a
“central vessel” (CV) in MS lesions.'® 2! These studies
have used a variety of methods to image vessels and have
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included small numbers of participants, yet several sug-
gest that detection of CVS may discriminate MS from
alternative diagnoses on 3T.'%2224 BLAIR*, which combi-
nes T2-FLAIR with high-resolution contrast-enhanced
T2*-weighted imaging, is a novel MRI technique that has
provided high-quality imaging of central vessels (CVs) in
MS lesions at 3T.*

Given the promise of CVS demonstrated by a number
of small studies using various techniques, further data are
needed to evaluate the optimal methods on 3T MRI to
determine the ability of CVS to distinguish MS from syn-
dromes of overlapping radiographic appearance. In this
study, we compared FLAIR* MRI in migraine and MS,
on the premise that evaluation of this methodology in a
constrained population of patients without MS who share
a single diagnosis and presumed underlying pathophysiol-
ogy for white matter abnormalities, and in patients with
MS without additional comorbidities to account for their
white matter abnormalities, would allow optimal assess-
ment of the degree to which CVS by FLAIR* can aid in
the diagnosis. Clinical symptoms and radiographic find-
ings in migraine can be mistaken for MS,** although the
proposed pathophysiology of MRI findings in migraine®
likely differs from MS. Thus, we hypothesized that the
white matter lesions in patients with migraine would
demonstrate fewer CVs when compared with MS lesions.
The sub-aim of our study was to determine if the fre-
quency of CVS in lesions within specific brain regions
would best distinguish MS from migraine.

Methods

Patients over the age of 18, with a confirmed diagnosis of
MS or migraine, and with a prior brain MRI with >2
hyperintense lesions >3 mm in diameter, were recruited
for the study. For the MS cohort, an existing diagnosis,
made by a neurologist with subspecialty training in MS,
was required, together with fulfillment of current MS
diagnostic criteria." For the migraine cohort, the diagno-
sis was required to have been made by a neurologist dur-
ing a prior clinical evaluation. Exclusion criteria for both
cohorts included additional comorbidities associated with
brain MRI abnormalities, including but not limited to
hypertension, diabetes mellitus, vitamin deficiencies, prior
infections of the central nervous system, neoplasm, sei-
zure disorder, history of head injury, rheumatologic dis-
ease, or history of tobacco use. MS patients with a
history of migraine were also excluded. Exclusion criteria
also included contraindication to MRI, known preg-
nancy, and concurrent breastfeeding. Informed consent
was obtained following approval from the University of
Vermont Institutional Review Board prior to the start of
the study.

“Central Vessel Sign” on 3T FLAIR* MRI

T2-weighted FLAIR (1 mm isotropic) and T2*-
weighted multishot echo-planar imaging (0.55 mm isotro-
pic voxels) data were acquired on a 3T Philips dStream
MRI with 32-channel head coil (Table 1). A single-dose
of gadopentetate dimeglumine (Magnevist) was injected
manually, and acquisition of the T2* sequence followed
immediately. FLAIR images were coregistered and resam-
pled to the space of the T2*-weighted images using
SPMS8. The product of the voxelwise signal intensities,
FLAIR*, was imported to a clinical image viewer to allow
multiplanar reformatting.

A trained neurologist, experienced in MS neuroimag-
ing, but unaware of the diagnosis in each case, reviewed
coded MRI scans in random order, counted the total
number and location of discrete lesions >3 mm at longest
diameter, and determined if a CV was present in each
lesion on FLAIR*. A “discrete” lesion was defined as a
lesion with distinct borders surrounded by normal
appearing white matter, which may also contact the cor-
tex or ventricular surface at one edge. Lesions of mor-
phologies that were not ovoid or spherical in appearance,
or that were confluent, were not counted for analysis. A
CV was defined as a single vessel within a lesion with
approximately equal distance to the lesion edges on all
sides in at least one plane. The Wilcoxon rank-sum test
was used to compare, between cohorts, the total number
of lesions and percentage of those lesions with CVS.
Lesions were further subcategorized to juxtacortical (dis-
crete lesions with one edge in contact with the cortex),
subcortical and deep white matter, periventricular (dis-
crete lesions with one edge in contact with a ventricle),
and infratentorial, and the percentages of lesions with
CVs in these regions were also compared as above.

Table 1. MRI data acquisition parameters.

T2*-weighted

T2 FLAIR mutlishot EPI
Acquisition TSE GE-EPI
Orientation Sag 3D Sag 3D
TE (ms) 369 29
TR (ms) 4800 54
Tl (ms) 1600 -
Flip angle (deg) 90 10
Number of echoes 178 15
Field of view (mm) 240 x 240 x 180 240 x 240 x 185
Resolution (mm) 1.0x 1.0x 1.0 0.55 x 0.55 x 0.55
SENSE factor (AP) 3.0 2.0
SENSE factor (RL) 2.0 2.0
Number of averages 2 2
Acquisition time 5:50 4:15

(min:sec)

TE, echo time; TR, repetition time; Tl, inversion time; SENSE, sensitivity
encoding; EPI, echo-planar imaging; TSE, turbo spin-echo; GE, gradi-
ent echo; AP, anteroposterior; RL, right-left; Sag, sagittal.
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“Central Vessel Sign” on 3T FLAIR* MRI

An exploratory method of CV counting (“select three”)
was also completed to determine if an assessment of a
limited number of lesions for CV might distinguish MS
from migraine. On FLAIR images, a different trained neu-
rologist, also unaware of diagnosis, reviewed de-identified
MRIs in random order and selected up to three discrete
ovoid lesions, >3 mm in diameter, from each of the fol-
lowing regions: juxtacortical, subcortical and deep white
matter (grouped together), periventricular, and infraten-
torial. Lesions were selected at random. Once <3 lesions
were selected per region on FLAIR, corresponding
FLAIR* sequences were reviewed to determine if CVS was
present in each lesion. This method was repeated 3 weeks
later following re-coding and repeat randomization of the
presentation order. Logistic regression was used for each
region separately, combining the two trials of “select
three” to predict the probability of an MRI being from an
MS patient based on the number of selected lesions and
the number of lesions that contained CVs. The logistic
regression model could not be applied in regions showing
no central veins in one of the cohorts; in these cases,
Fisher’s exact test was used. Stepwise logistic regression
was used to develop a prediction equation for the proba-
bility of the MRI being from an MS patient, using num-
ber of lesions and number of lesions with CVs, in each of
the four brain regions.

Results

Ten participants with MS and 10 participants with
migraine completed the study. The MS cohort was com-
prised of nine women and one man with relapsing remit-
ting MS with mean age 44 (standard deviation: 16). The
migraine cohort was comprised of 10 women, age 47 (13)
(P = 0.65). MS and migraine cohorts did not differ in the
number of lesions per case, but CVs were present in
more lesions in the MS group (Table 2 and Fig. 1). The
median % (quartiles) of CVs was 84 (79, 94) in MS and
22 (15, 54) in migraine (P = 0.008).

All 20 participants had lesions in the subcortical and
deep white matter. There was no between-group differ-

Table 2. Total number of lesions and percentage with central vessel
in multiple sclerosis (MS) and migraine.

MS Migraine  P-value
Lesions (total) 236 182
Mean per participant 24 18 0.38
Median per participant 21 13 0.20
Lesions with CV (total) 191 78
Mean% lesions w/CV per participant 80% 34% <0.001
Median% lesions w/CV per participant 84% 22% 0.008

CV: central vessel.
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Figure 1. Total number of lesions compared to the percentage of lesions
with central vessels in participants with multiple sclerosis and migraine.

ence in the number of lesions per participant in this
region. However, MS participants had a higher percentage
of CVs in deep white matter lesions. Figure 2 demon-
strates a typical lesion with CV in the subcortical and
deep white matter region in MS and a typical lesion with-
out CV in the subcortical and deep white matter region
in migraine. Table 3 presents summary analysis for all
four regions.

Lesions meeting inclusion criteria were not identified
in every participant in the three remaining regions. Juxta-
cortical lesions were identified in 8/10 MS participants
and 5/10 migraine participants. Periventricular lesions
were identified in 10 MS participants and two migraine

Figure 2. Examples of 3T FLAIR* imaging demonstrating the “central
vessel sign” in multiple sclerosis (A) and absence of the “central
vessel sign” in migraine (B).
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Table 3. Lesions and percentage with central vessel in multiple scle-
rosis (MS) and migraine by region.

Median # Median %

lesions with CV
Brain region MS  Migraine P-value MS Migraine  P-value
Juxtacortical 4 0.5 0.18 85%  50% 0.39
Subcortical 14 13 0.88 88%  19% 0.004

and DWM

Periventricular 3 0 0.002 76% 100% 0.23
Infratentorial 1 0 0.006 100%  50% 0.09

CV, central vessel; DWM, deep white matter.

participants. Infratentorial lesions were identified in nine
MS participants and two migraine participants. Median
lesion count differed between MS and migraine in the
periventricular and infratentorial regions, but median per-
centage of CV-positive lesions did not differ by region.
(Note that participants without lesions in a given region
could not be included in this analysis.)

For the exploratory method of CV counting (“select
three”), logistic regression for the probability of an MRI
being from MS based on the total number of subcortical
and deep white matter lesions was not significant
(P =0.21). However, the probability of an MRI being
from MS was related to the number of subcortical/deep
white matter CVs (odds ratio 5.21, 95% CI 1.73-15.75,
P =0.003). Thus, for every increase of one CV (from 0
to 3) in the subcortical and deep white matter, the odds
of the MRI being from MS increased by five fold.

Using the “select three” method, no infratentorial or
periventricular lesions with CVS were identified in the
migraine cohort, and Fisher’s exact test was used to com-
pare the presence of any lesions with CV in these regions
between cohorts (P = 0.008 for each region). The number
of juxtacortical lesions with CV in each cohort was not
cohort-dependent (P = 0.19).

Stepwise logistic regression modeled the probability of
an MRI being from MS based on the total lesion number
and the number of lesions with CVS in each of the four
regions identified using the “select three” method. Once the
number of subcortical and deep white matter lesions with
CVs entered the model, no other measure achieved statisti-
cal significance at the P = 0.05 level to enter the model.

Discussion

Our results demonstrate that quantification of CVS using
3T FLAIR* MRI may differentiate MS from migraine.
This perivenous configuration of MS lesions has been
recently demonstrated using T2*-weighted ultrahigh-field
7T MRL™" and in studies that have included non-MS
populations, the quantification of CVs has predicted a

“Central Vessel Sign” on 3T FLAIR* MRI

. . 12,14,17,27-29 :
diagnosis of MS. Several studies reported

detection of CVs in lesions of MS patients more fre-
quently than other populations, including patients with
Susac syndrome® and neuromyelitis optica spectrum dis-
order,'” and controls with high risk for vascular disease.”®
A number of studies have suggested that a finding of >40%
of lesions with CVS may predict MS.">'* Several of these
studies have also suggested that MS cohorts had more CVs
in lesions specifically located in the “subcortical” and
“deep” locations compared to other regions.'**”**

A limited number of medical centers have access to 7T
magnets, and demonstrating the ability of T2*-weighted
imaging to differentiate MS on 3T MRI would allow
wider research in this area and more general clinical
application. Our study is one of only several that have
demonstrated the feasibility of detection of CVS on 3T
MRI in MS,'>*****! and only a few studies have investi-
gated whether the CVS distinguishes MS from other pop-
ulations at 3T.'®'® Lummel et al.'® found no difference in
the total number of CVs in 15 MS participants and 15
non-MS participants with microangiopathic white matter
lesions. Kau et al. prospectively studied 14 individuals,
identifying a CV in 84% of lesions in participants subse-
quently diagnosed with MS and 11% in those who were
not diagnosed with MS. They reported sensitivity of 849%,
specificity of 89%, positive predictive value of 94%, nega-
tive predictive value of 73%, and accuracy of 86%, as well
as good inter-rater agreement.'® Preliminary data using
3T T2* imaging techniques presented at recent scientific
meetings have also demonstrated more lesions with CVS
in MS* and have suggested that detection of CVs in
approximately 40-45% of MRI lesions might be predic-
tive of the MS diagnosis.”* **

Comparison of the results of these limited studies using 3T
MRI is challenging due to their use of varying magnetic field
strengths, methods for T2*-weighted imaging, and criteria
for participant and lesion inclusion. However, our data iden-
tifying a median percentage of lesions with CV in participants
with MS of 84%, compared to 22% in migraine, supports
data suggesting an approximate cutoff of >40% may aid in
predicting of the MS diagnosis. The ability to differentiate
diagnoses in our small cohort supports the notion that
FLAIR* 3T MRI is feasible for the evaluation of CVs and
warrants further study. Our results in subcortical and deep
white matter lesions also support prior data from the 7T
studies mentioned above, suggesting that this may be the
region of highest yield for assessing the diagnostic value of
the CVS. The reason for this finding may be that the perivas-
cular topography is easier to discern on the sagittal plane due
to the predominant right-left orientation of the vessels in the
subcortical and deep white matter.

There remains a need to develop consensus criteria for
imaging methodology for further study of the CVS in

© 2015 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals, Inc on behalf of American Neurological Association. 85



“Central Vessel Sign” on 3T FLAIR* MRI

MS. We propose further investigation on 3T MRI using
methods employed in this study, as FLAIR* may be more
sensitive than prior approaches due to its ability to pro-
duce high-resolution, isotropic voxels with adequate T2*
weighting, its use of a multichannel coil, and the addition
of a gadolinium-based contrast agent to enhance the sus-
ceptibility contrast within veins.””’>*> Although use of a
32-channel coil may have yielded better images in this
study, prior studies using FLAIR* have been performed
with standard SENSE-8 head coils that are widely used at
imaging centers.”*>

Most prior studies counted all lesions and subsequently
evaluated the percentage with CVs. While this method is an
important first step in establishing the potential signifi-
cance of FLAIR¥*, the assessment of every lesion for CVS is
impractical for clinical application, and there remains a
need to develop and test the less time-consuming algo-
rithms. More limited quantification of the presence of CVs,
particularly given the relationship between number of CVs
in subcortical and deep white matter lesions demonstrated
using our exploratory “select three” method, suggests that
further development of such an algorithm, with an eye
toward applicability in the radiological reading room,
should be tested in both MS and non-MS populations.

Our study had a number of limitations. Strict exclusion
criteria were designed to limit possible confounders.
Therefore, our data cannot at present be generalized
beyond the current population, requiring further evalua-
tion of our methods in participants with MS and other
diagnoses with multiple comorbidities that might generate
white matter abnormalities. Although epidemiological
data suggest that both MS and migraine are more com-
mon in women and in approximately similar propor-
tions,”*® only one man was included in the study due to
recruitment challenges, and this may limit the generali-
zability of our results. It is interesting to note that several
participants with migraine had a high number of CVs,
perhaps suggesting that the pathophysiology of these
lesions may be more heterogeneous than presumed. Given
this and our one MS participant with 18% CVs, a cutoff
of 40% may not prove to have high specificity for MS
once larger studies are completed. As such, it is possible
that algorithms using CVS may be found to be most use-
ful in combination with current MS diagnostic criteria. A
third limitation is that lesions meeting our inclusion
criteria were not identified in all participants in the juxta-
cortical, periventricular, and infratentorial regions, and
were disproportionately more frequent in the MS cohort;
this limits conclusions that may be drawn on the value of
detection of CVs for differentiating MS from migraine in
these regions. While all subjects with migraine were diag-
nosed by a neurologist and no further explanation for
their MRI abnormalities was identified, given the lack of

A. ). Solomon et al.

a specific biomarker for migraine or MS, we cannot
exclude the possibility that some of these subjects had
presymptomatic MS, or what has been termed “radiologi-
cally isolated syndrome.”* Lastly, our methodology is
currently limited by the need for offline postprocessing to
create FLAIR* images, but the steps required to generate
these images are straightforward and implementable in
standard postprocessing packages offered by scanner man-
ufacturers.

In summary, identification of CVS using FLAIR* imag-
ing on 3T MRI showed promise for the differentiation of
MS from migraine in our initial study of 20 subjects. Fur-
ther evaluation of algorithms that include limited quan-
tification of CVs in larger prospective cohort studies may
lead to clinically practical methods to supplement current
MS diagnostic criteria.
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