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The Central Vein: FLAIR Signal Abnormalities Associated with
Developmental Venous Anomalies in Patients with Multiple
Sclerosis

D.M. Rogers, “/L.M. Shah, and ““R.H. Wiggins IlI

ABSTRACT

BACKGROUND AND PURPOSE: Demyelination is a recently recognized cause of FLAIR hyperintensities associated with developmental
venous anomalies. Our purpose was to quantify the prevalence of white matter signal abnormalities associated with developmental
venous anomalies in patients with multiple sclerosis compared with controls.

MATERIALS AND METHODS: A retrospective, blinded, multireader study compared the prevalence of FLAIR hyperintense signal abnor-
malities adjacent to developmental venous anomalies in patients with MS compared with controls (patients with developmental venous
anomalies without MS). Study findings were positive if a central vein was demonstrated using FLAIR and contrast-enhanced fat-saturated
Tl sequences. Imaging parameters also included developmental venous anomaly location, developmental venous anomaly drainage, white
matter lesion size, and depth of white matter lesions. Clinical parameters included age, sex, and the presence of confounding variables
(hypertension, diabetes, migraines, and/or vasculopathy).

RESULTS: FLAIR signal abnormality was present around 47.3% (35/74) of developmental venous anomalies in patients with MS, and 13.5%
(10/74) of developmental venous anomalies in the control group (P < .001). The multivariate logistic regression model controlling for
covariates (including migraines, hypertension, diabetes mellitus, vasculopathy, age, sex, and drainage direction of developmental venous
anomalies) showed that the odds of FLAIR hyperintensity around developmental venous anomalies was 6.7-fold higher in patients with MS
(relative risk MS = 6.68; 95% Cl, 2.79-15.97; P < .00I).

CONCLUSIONS: The association of developmental venous anomalies and FLAIR hyperintensities was more common in patients with MS,
which suggests that the underlying demyelinating pathologic process of MS may be the cause of this propensity in patients with MS.
Impaired venous drainage in the territory of developmental venous anomalies may predispose to development of these lesions, and an
associated central vein is helpful in understanding an atypical location of MS plaques.

ABBREVIATIONS: CCSVI = chronic cerebrospinal venous insufficiency; DVA = developmental venous anomaly

Developmental venous anomalies (DVAs) are the most com-
mon congenital cerebral vascular malformation.' They have
a pathognomonic “umbrella” or “medusa” appearance on con-
trast-enhanced T1 or T2* sequences due to numerous small med-
ullary veins converging on a central collector vein, which may
drain into a superficial cortical vein, dural venous sinus, or the
deep venous system via a subependymal vein.” Because DVAs are
usually asymptomatic and represent the sole venous outflow to
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the brain parenchyma that they supply, they are known as “do not
touch” lesions.”"

Signal abnormalities on conventional FLAIR sequences are
commonly observed in the drainage territory of DVAs. Prior
studies have found the prevalence of white matter FLAIR hyper-
intensity near incidental DVAs to range from 11.6% to 30.7%.®
These FLAIR signal abnormalities tend to be larger and occur
more frequently in older patients.”® Determining the etiology of
the MR signal abnormalities around DVAs has been problematic
because they are usually asymptomatic, and biopsy of such a le-
sion is unreasonably invasive. Edema or gliosis or both resulting
from altered hemodynamics within the brain parenchyma
drained by a DVA have been hypothesized as causes of the FLAIR
signal abnormality around incidentally discovered DVAs, which
is supported by findings on dynamic susceptibility contrast-en-
hanced perfusion-weighted imaging, in which CBV, CBF, TTP,
and MTT are elevated.”*?
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However, sequelae of demyelination have recently been recog-
nized as another cause of signal abnormality surrounding DVAs
in patients with multiple sclerosis. Two case series have described
tumefactive demyelination occurring adjacent to DVAs in pa-
tients with MS.'*'> MS plaques have long been known to occur in
a perivenular distribution (eg, Dawson fingers), and the develop-
ment of 3T FLAIR* and 7T MR imaging has demonstrated that
almost all MS plaques have a central vein.'®'® Gaitdn et al'’
showed on dynamic contrast-enhanced 7T MR imaging that small
MS plaques enhance centrifugally from a central vein, and the “cen-
tral vein sign” has been identified by the North American Imaging in
Multiple Sclerosis Cooperative as an imaging feature with potential
prospective diagnostic utility for the diagnosis of MS."®

DVAs are a common incidental finding on contrast-enhanced
brain MR imaging. Two prior studies reported the prevalence of
DVAs in patients with MS as 12.1% and 12.6%, respectively.'**°
Our hypothesis is that demyelination is a pathologic cause of
DVA-associated FLAIR hyperintensities in patients with MS. The
purpose of this retrospective study was to compare the prevalence
of DVA-associated FLAIR hyperintensities with a central vein in
patients with MS and patients without MS who had incidentally
detected DVAs. A greater prevalence of FLAIR signal abnormali-
ties adjacent to DVAs in patients with MS compared with controls
and/or the presence of other distinguishing features (such as le-
sion enhancement in patients with MS) would support the under-
lying demyelinating pathologic process of MS as the cause of this
propensity in the MS group.

MATERIALS AND METHODS

This was an institutional review board—exempted retrospec-
tive study comparing the prevalence of white matter signal
abnormalities on the FLAIR sequence adjacent to DVAs in
patients with MS and patients without MS incidentally found
to have DVAs.

Subjects and Imaging

Using a radiology report search engine (Montage; Nuance
Communications, Burlington, Massachusetts), we searched brain
MR imaging studies obtained at an academic university hospital us-
ing the terms “developmental venous anomaly (or DVA)” AND
“multiple sclerosis (or MS)” for the study group, and “developmen-
tal venous anomaly (or DVA)” for the control group.

For inclusion criteria, FLAIR and T1 postcontrast images of
adequate quality must have been available for interpretation, and
a clearly delineated DVA must have been present. Additionally,
for the study group, the patients must have had a clinical diagnosis
of relapsing-remitting MS by a neurologist and met the revised
2017 McDonald criteria for MS diagnosis.>' Cases were excluded
that had adjacent postoperative changes, vascular malforma-
tion, or hemorrhage (such as a cavernous malformation), as de-
fined by susceptibility blooming artifacts adjacent to the DVA on
gradient recalled-echo or susceptibility-weighted imaging.

For the study group, our search resulted in 81 DVAs found in
78 patients with MS with brain MR imaging studies performed
between 2013 and 2017. One case was excluded due to an adjacent
cavernous malformation, and 6 were excluded due to association
with adjacent confluent white matter lesions (this imaging crite-
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Table 1: Study and control population characteristics

Multiple
Sclerosis Controls P
Characteristic (n=74) (n=74) Value

Mean age (SD) (yr) 451(13.5) 50.7 (18.4) .036
Sex: female 49 (66.2%) 37 (50.0%) 045
MRI field strength 3T 18 (24.3%) 11(14.9%)
MRI field strength 1.5T 56 (75.7%) 63 (85.1%)
DVA location

Lobar 49 (66.2%) 51(68.9%)

Basal ganglia 6(8.1%) 5(6.7%)

Cerebellum 18 (24.3%) 15 (20.3%)

Brain stem 1(1.4%) 3(41%)
DVA drainage

Superficial 50 (67.5%) 46 (62.1%)

Deep 21(28.4%) 25 (33.8%)

Both 3(41%) 3(41%)
Hypertension 13(17.6%) 15(20.3%)
Diabetes 3(47%) 6(8.1%)
Migraines 10 (13.5%) 10 (13.5%)
Intracranial vasculitis 1(1.4%) 1(1.4%)

rion is discussed later in the Materials and Methods section).
These exclusions left 74 DVAs in the final MS study population.

For the control group, the 78 most recent brain MR imaging
cases (from March to September 2017) with a DVA and without
MS were analyzed, yielding 79 clearly delineated DVAs in 78 pa-
tients. Five cases were excluded due to the presence of an adjacent
cavernous malformation for a final cohort of 74 DVAs. These
scans were obtained for myriad reasons, most commonly to eval-
uate a neoplasm elsewhere in the brain or as a staging scan for
possible malignancy.

Diagnostic MR imaging was performed on Prisma, Aera,
Avanto, and Espree 1.5T scanners, or Prisma and Verio 3T scan-
ners (Siemens, Erlangen, Germany). Most scans were obtained
with a magnetic field strength of 1.5T (80.4%), and the remainder
were obtained at 3T (19.6%). There was no significant difference
in the number of studies performed at 1.5 T and 3T between the
study and control groups (Table 1). While there was some mild
variability, a typical 2D-FLAIR sequence had a TR of 9000 ms and
a TE of 110 ms with 5-mm slice thickness and no gap. FLAIR
sequences were performed with chemical fat saturation. Typical
contrast-enhanced 2D-T1 sequences had a TR of 600 ms and a TE
of 10 ms with 5-mm slice thickness and no gap.

Image Analysis and Chart Review

Two radiologists, a senior neuroradiologist with 25 years of expe-
rience and a senior resident with 4 years of experience, performed
a blinded and randomized review of the images on a PACS. In
cases of disagreement, a second blinded neuroradiologist with 15
years of experience served as a tie-breaker. Criteria for a positive
study were adapted from the central vein sign as described in the
2016 consensus statement from the North American Imaging in
Multiple Sclerosis Cooperative.'® In contrast to criteria used in
the literature in which FLAIR hyperintensity in the vicinity of the
DVA was used, we decided to use a stricter central vein criterion as
subsequently described because it is more specific for demyelina-
tion. While Sati et al'® assessed the central vein and associated
FLAIR hyperintense plaques on a single 3T FLAIR* sequence, we
localized lesions with side-by-side comparison of conventional
FLAIR and T1 postcontrast images.



Table 2: Results Data Analysis

Multiple Controls Comparisons between the groups for di-
Variable Sclerosis(n1=74)  (n=74)  PValue  chotomous outcomes were performed
Positive FLAIR hyperintensity with a central vein 35 (47.3%) 10 (13.5%) <.001 using the x* test if the minimum ex-
FLAIR hyperintensity depth pected cell frequency assumption was

Juxtacortical 13 (37.1%) 5(50.0%) ¢ (80% of the cells h od £
Subcortical 12 (37.5%) 3(30.0%) met (o070 ot the cells have expected fre-
Periventricular 10 (28.6%) 2(20.0%) quencies of at least 5 and no cell has an
Mean FLAIR hyperintensity width (SD) (mm) 8.5(7.3) 8.0(4.5) expected frequency of <1). The McNe-
Enhancing lesions 4 (11.4%) 0(0%) mar test was used for paired data. For
Location 9f DVA with associated FLAIR comparison of paired groups on an in-
hyperintensity terval-scaled variabl ¢ test g
Lobar 29 (82.9%) 10 (100%) erval-scaled variable, a ¢ test was per
Basal ganglia 2(5.7%) 0(0%) formed. Poisson regression was used for
Cerebellum 4 (.4%) 0(0%) abinary outcome, with a robust variance
Brain stem 0(0%) 0(0%) estimate. A multivariate logistic regres-
Dral:fﬁTRorf DVA \:"th 'etxssoaated sion model was created with positive

yperintensity .

Superficial 23(65.7%) 6 (60%) FLAIR mgnal around. DVAs as an f)ut—
Deep 12 (343%) 2(20%) come while controlling for covariates
Both 0(0%) 2 (20%) (including migraines, hypertension, di-

Criteria for positive FLAIR signal abnormality adjacent to a
DVA with a central vein were the following:

1) The DVA vessel must pass through the FLAIR hyperintense
lesion so that it is directly abutting it, approximately equidistant
from the edges of the lesion and passing through it at no more
than 2 locations.

2) The FLAIR hyperintense lesion is at least 3 mm in all planes.

3) Studies were excluded if the DVA-associated FLAIR hyper-
intense lesion merged with another parenchymal lesion (eg, a su-
perficial DVA extending toward multiple large periventricular
plaques). While these studies might represent DVA-associated
lesions, they were not included to avoid the possibility of chance
associations with adjacent lesions in patients with MS who may
have an overall higher burden of white matter disease.

4) Care was taken not to count flow-related FLAIR signal within
the vessel itself as a surrounding parenchymal abnormality.

Imaging parameters included DVA location (lobar, basal gan-
glia, cerebellum, or brain stem), DVA drainage direction (super-
ficial, deep, or both), the presence of an associated white matter
lesion meeting the aforementioned central vein criteria, width of
the white matter lesion measured in millimeters, and depth of the
white matter lesion (juxtacortical, subcortical, or periventricu-
lar). The DVA drainage direction was defined as the confluent
draining vessel extending either toward the surface of the brain
(superficial), toward the ventricles (deep), or both. “Juxtacorti-
cal” was defined as a lesion that directly abuts the cortex, while a
“periventricular” lesion directly abuts the lateral, third or fourth
ventricles.

Clinical electronic medical record chart review was performed
to confirm that study group patients had been diagnosed with MS
by a neurologist and met the revised 2017 McDonald criteria for
the diagnosis of MS. Clinical parameters documented on the
electronic medical record review included patient age and sex,
duration since the time of diagnosis of MS, and potential con-
founding variables for white matter FLAIR hyperintensities
such as hypertension, diabetes, migraines, and/or intracranial
vasculitis.

abetes mellitus, vasculopathy, age, sex,

and DVA drainage direction). Interrater
reliability was measured using the k coefficient, which is the pro-
portion of agreement beyond expected chance agreement.

RESULTS

Study and control population characteristics are compared in Ta-
ble 1. Of note, the MS study group was slightly younger than the
control population (P = .036), with a female preponderance (P =
.045). There were no significant differences in MR imaging field
strength, DVA location, or DVA drainage in the study and control
populations. Clinical parameters, including the presence of hy-
pertension, diabetes, migraines, and/or intracranial vasculitis,
were also not significantly different in the study and control
populations.

FLAIR signal abnormality meeting the central vein criteria was
present adjacent to 47.3% (35/74) of DVAs in patients with MS
and adjacent to 13.5% (10/74) of DVAs in the control group (P <
.001) (Table 2). A multivariate logistic regression model control-
ling for covariates (including migraines, hypertension, diabetes
mellitus, vasculopathy, age, sex, and drainage direction of DVAs)
showed that the odds of FLAIR hyperintensity around DVAs was
6.7-fold higher in patients with MS (relative risk MS = 6.68; 95%
CI, 2.79-15.97; P < .001). In patients with MS, 11.4% (4/35) of
the lesions demonstrated enhancement compared with none in
the control group. There was no significant difference in FLAIR
signal surrounding DVAs according to sex in the patients with MS
(P = .504) or in the control subjects (P = .197). There was a
1.4-fold increase in FLAIR signal surrounding DVAs in controls
for every 10-year increase in age (relative risk MS = 1.40; 95% CI,
1.01-1.94; P = .047). No such age-related association was present
in the MS cohort. The mean number of years between the diag-
nosis of patients with MS and current imaging was 10.3 * 8.6
years (range, 1-37 years). All except 4 patients with MS were on
disease-modulating immunotherapy. Two of these patients had
DVA-associated FLAIR hyperintensities, neither of which dem-
onstrated enhancement. Examples of FLAIR hyperintense lesions
adjacent to DVAs in patients with MS are shown in Fig 1, and
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FIG 1. Developmental venous anomaly—associated lesions in patients with MS. A, An axial con-
trast-enhanced T1 sequence shows a right frontal lobe DVA (arrow) with surrounding T1 hypoin-
tensity. B, An axial FLAIR sequence shows hyperintensity (arrow) that corresponds to the DVA and
associated TT hypointensity in A. C, An axial contrast-enhanced T sequence shows a right frontal
lobe DVA (arrow). D, A sagittal FLAIR sequence shows a flow void with adjacent hyperintensity
(the central vein sign, arrow), which corresponds to the DVA in C. E, An axial contrast-enhanced
Tl sequence shows a left frontal lobe DVA (arrow). F, An axial T2 sequence shows a flow void with
adjacent hyperintensity (the central vein sign, arrow), which corresponds to the DVA in E.

FIG 2. Developmental venous anomaly—associated lesions in the control group. A, An axial con-
trast-enhanced T1 sequence shows a right frontal lobe DVA (arrow). B, An axial FLAIR sequence
shows hyperintensity (arrow) adjacent to the DVA in A. C, An axial contrast-enhanced T1 se-
quence shows a left frontal lobe DVA (arrow). D, An axial FLAIR sequence shows hyperintensity
(arrow) adjacent to the DVA in C. D, An axial contrast-enhanced T1sequence shows a right frontal
lobe DVA (arrow). F, An axial FLAIR sequence shows hyperintensity (arrow) adjacent to the DVA
in E.

FLAIR hyperintense lesions in the control group are shown in
Fig 2.

For the cases of MS, the interrater reliability for the detection
of FLAIR signal surrounding a DVA was 0.865 (95% CI, 0.748—
0.979). For the control cases, the interrater reliability for detection
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of FLAIR signal surrounding a DVA was
0.874 (95% CI, 0.702-1). This corre-
sponds to excellent agreement.””

DISCUSSION

In our study, FLAIR signal abnormali-
ties adjacent to DVAs were found to be
significantly more prevalent in patients
with MS compared with the control
group of patients without MS (47.3%—
13.5%, P < .001). Multivariate logistic
regression accounting for multiple pos-
sible confounding variables found that
white matter lesions are 6.7 times more
likely around DVAs in patients with MS
compared with controls (95% CI, 2.79—
15.97; P <.001). The underlying patho-
logic process in both the control group
and in some of the patients with MS is
likely perivenular gliosis secondary to
vascular congestion, venous hyperten-
sion, and chronic hypoxia in the terri-
tory of the DVA, as described in the neu-
ropathology literature and previously
depicted with MR perfusion.” '
However, the significantly higher pro-
portion of DVA-associated FLAIR ab-
normalities in patients with MS com-
bined with the presence of lesion
enhancement in some cases suggests an
additional underlying pathologic cause
(eg, sequelae of demyelination caused by
multiple sclerosis) of these signal abnor-
malities in patients with MS. To be clear,
these results do not imply that demyeli-
nation is the underlying cause of the sig-
nal abnormalities in the control group
or healthy patients with DVAs. The un-
derlying cause of the leukoaraiosis on
FLAIR sequences in each case is indistin-
guishable when they are chronic lesions
(Figs 1 and 2). However, advanced MR
imaging techniques such as perfusion
MR imaging have the potential of distin-
guishing DVA-associated FLAIR hyper-
intensity due to demyelination prospec-
tively, and are an exciting avenue for
further research.

The association of DVAs with demy-
elination in patients with MS has clinical
utility, particularly in cases in which
there is imaging overlap between active
demyelination and possible central ner-

vous system neoplasms (Fig 3)."* A noninvasive diagnostic strat-
egy in these cases is short-term follow-up imaging because the
enhancement of an actively demyelinating lesion will fade with
time, persisting chronically as a DVA-associated FLAIR hyperin-
tensity. The association of DVAs and FLAIR hyperintensities in



FIG 3. Demyelinating lesions around developmental venous anoma-
lies with enhancement. A, A coronal contrast-enhanced Tl sequence
shows a superficially draining right cerebellar DVA (arrow) associated
with enhancing parenchymal lesions. This was biopsy-proved demy-
elination. B, An axial contrast-enhanced T1 sequence shows a left
frontal lobe DVA (arrow) with surrounding T1 hypointensity and dis-
continuous peripheral enhancement, typical of demyelination in a
patient with MS.

patients with MS can also be useful to explain why demyelinat-
ing plaques may appear in atypical locations such as the basal
ganglia. MS plaques classically appear along normally distributed
veins (such as at the callososeptal interface) but also can be seen in
areas of the brain where there is variant venous anatomy.
Previously reported theories may explain why FLAIR hyperin-
tensities adjacent to DVAs are more common in patients with MS.
The first is that patients with MS are predisposed to develop de-
myelination around DVAs due to their local inefficient venous
drainage.”'* MS plaques form when lymphocytes and monocytes
cross the blood-brain barrier across venous channels, leading to
perivenular cuffing.”>*” It is here that they react to autoantigens
such as myelin basic protein, inciting an inflammatory response
829 Tung et al” previously
showed on MR imaging perfusion that MTT and TTP are pro-

leading to perivenular demyelination.

longed around most DV As, suggestive of venous congestion in the
parenchyma supplied by these DVAs. We hypothesize that the
local venous congestion in the territory of a DVA predisposes to
blood-brain barrier breakdown and lymphocytic infiltration,
leading to demyelination in these regions. Previously published
pathology-proved cases also support this hypothesis.'**° It is un-
known whether DVAs carry a greater risk for developing sur-
rounding demyelination compared with normally distributed
veins (such as callososeptal medullary veins). However, our find-
ing that nearly half of DVAs in patients with MS have associated
FLAIR hyperintensity, combined with the previously published
findings supporting venous congestion in these regions, raises this
possibility. Further investigation of DVA-associated signal abnor-
malities in patients with MS with MR imaging perfusion may help
prove this theory.

It is critical that we address the controversial entity chronic
cerebrospinal venous insufficiency (CCSVI), given the volume of
medical literature and social media attention devoted to it. The
CCSVI theory suggests that patients with MS are more likely to
have stenosis of cerebrospinal venous outflow tracts, leading to
intracranial venous reflux.”"** In theory, a higher prevalence of
global cerebral venous insufficiency in patients with MS superim-
posed on the impaired drainage of DVAs could lead to a higher
rate of DVA-associated FLAIR hyperintensities in patients with
MS compared with controls. However, CCSVI has largely been

debunked as an underlying cause of MS lesions because there has
been only a weak association between the CCSVI sonographic
criteria proposed by Zamboni et al’> and MS, and multiple studies
have found no statistically significant difference in venous drain-
age between patients with MS and controls.” > While global ve-
nous insufficiency in patients with MS seems unlikely on the basis
of the current literature, this does not mean that local impairment
of venous drainage in the territory of a DVA cannot be an exac-
erbating factor in MS.

There was an approximately 2:1 ratio of females to males in the
MS group, while it was a 1:1 ratio in the control group. This ratio
supports the previously reported epidemiology of MS.”” This dif-
ference was accounted for in the statistical analysis with a multi-
variate logistic regression model. We do not hypothesize that sex
is an independent risk factor for the development of white matter
lesions adjacent to DVAs, and sex predilection for these lesions
has not been reported in the literature. In our study, of the 10
patients positive for DVA-associated FLAIR hyperintensity in the
control group, 6 were male (60%). We found no statistical corre-
lation of sex and FLAIR hyperintensity surrounding DVAs in
patients with MS or controls.

In our study, the MS group was slightly younger than the con-
trol group. This is likely because patients with MS present for
imaging due to symptoms at a younger age than the background
population. This discrepancy was accounted for in the statistical
analysis with a multivariate logistic regression model. Addition-
ally, we are reporting a higher prevalence of DVA-associated
signal abnormalities in the younger MS group; it has been re-
ported in the literature that these signal abnormalities are more
common in older patients.” Similarly, univariate regression anal-
ysis showed that older control patients were more likely to have
FLAIR hyperintensities adjacent to DVAs (P = .047). No associ-
ation between patient age and the prevalence or size of DVA-
associated signal abnormalities was seen in the MS group.

We acknowledge the limitations of this retrospective study.
There may be a selection bias because a radiology report search
tool was used for initial inclusion in the study. Cases in which
smaller DVAs may not have been perceived by the prospectively
interpreting radiologist or cases in which a DVA was identified
but not included in a radiology report were not included in our
study. We used a T1 postcontrast sequence to detect DV As, which
is potentially less sensitive compared with T2* sequences (such as
SWI or 3T FLAIR*). Additionally, our 5-mm slice thickness may
also be less sensitive compared with thinner slice techniques.
However, being present in both cohorts of patients somewhat
mitigates these biases. One might hypothesize that because pa-
tients with MS may have more white matter disease compared
with controls, a chance association with DVAs is more likely.
However, this was corrected for by adherence to our exclusion
criteria, which specifically omitted cases in which there were con-
fluent white matter lesions adjacent to the DVA.

CONCLUSIONS

Because statistically more FLAIR hyperintensities were found to
surround DV As in patients with MS compared with controls, our
results suggest that the underlying demyelinating pathologic pro-
cess of MS may be the cause of this propensity in patients with MS.
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We hypothesize that impaired venous drainage in the territory of

DVAs predisposes to the development of these lesions in pa-

tients with MS, and further prospective evaluation of these

lesions with MR perfusion is a logical next step. This imaging

feature is helpful in distinguishing tumefactive demyelinating

lesions and central nervous system neoplasms and in under-

standing atypical locations of MS plaques at sites of variant

venous anatomy.
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