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Abstract

Background: Conventional brain MRI cannot always distinguish between different white matter lesions.
Susceptibility weighted imaging (SWI) can detect a sign called central vein sign which is suggested to discriminate
between multiple sclerosis and other white matter lesions thus increasing the accuracy of MRI in MS diagnosis. This
study aimed to evaluate the role of MR susceptibility weighted imaging in differentiating MS from CSVD lesions.

Results: The central vein sign (CVS) was found to have a premium diagnostic performance in diagnosis of MS with
sensitivity 83.3%, specificity 70%, positive predictive value 80.6%, and negative predictive value 73.7%. When CVS
positive lesions load was ≥ 44.24%, the specificity of CVS in diagnosing MS raised to 100%.

Conclusion: Detection of the CVS on SWI can reliably discriminate between MS and CSVD.
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Background
Multiple sclerosis (MS) is defined as an inflammatory
autoimmune neurodegenerative disease of the central
nervous system, characterized by inflammation, demye-
lination, gliosis, and neuro-axonal loss in lesions [1].
MRI is a common investigation which can support a

clinical diagnosis of MS by detecting lesions in the brain
and spinal cord [2]. It can also be used for monitoring
the disease activity which helps to guide treatment deci-
sion and to decrease relapse occurrence and disease pro-
gression [3, 4].
With advancing neuro-imaging, more atypical cases

were experienced and because white matter lesions are

depicted in many CNS diseases, specific diagnostic tools
are needed [5].
Multiple MRI protocols were evolved to detect MS

plaques and differentiating them from other similar le-
sions. Regarding the pathogenesis of MS lesions, they
were found to be typically perivenular, so special MR se-
quences were used to detect the veins within the MS
plaques [6], this feature is called the “central vein sign,”
that would increase the accuracy of MRI in MS diagno-
sis [7].
Susceptibility-weighted imaging is one of the new MR

sequences which can draw a venous map of the brain
and can show the central vein in MS lesions [5].
Several recent studies using SWI in imaging of MS pa-

tients have revealed that SWI is more sensitive than con-
ventional MR sequences (such as T2-weighted and
FLAIR images) in detection of MS plaques and can
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demonstrate many signal patterns not previously seen
within the MS plaques [8].
This study aimed to evaluate the role of MR

susceptibility-weighted imaging in differentiating MS
from CSVD lesions.

Methods
Informed written consents were obtained from the patients’
guardians according to the National Ethics Committee.

Patients
This prospective study included 50 patients who were
classified into two groups: 30 patients (22 females and 8
males) were included in the first group, they were diag-
nosed clinically as MS, their ages ranged from 17 to 54
years. Patients with severe kidney disease or allergy to
contrast medium, cardiovascular, cerebrovascular dis-
ease, or history of malignant disease were excluded. The
second group included 20 patients (6 females and 14
males) with white matter lesions, possibly due to CSVD,
their ages ranged from 36 to 70 years. Patients with prior
brain stroke or history of malignant disease were
excluded.

MRI imaging
All patients were examined by MRI 1.5 T system (GE
SIGNA Explorer) with 16-channel head coil in supine
position using a uniform protocol which includes axial
T2-weighted and FLAIR sequences and SWI for detec-
tion of the CVS (Table 1).
If the referring physician suspects disease activity in

MS patients, or if new lesion was detected, contrast en-
hanced T1-weighted sequence was done using gadolin-
ium contrast medium with the dose (0.3 mmol/kg).

Image analysis
Two conjoint experienced neuroradiologists analyzed
the data; they were totally blinded to patients’ clinical
history. They analyzed FLAIR and T2W images for de-
tection and localization of hyperintense white matter le-
sions then they classify the lesions according to their
location into periventricular or non-periventricular and
the non-periventricular lesions were then sub-classified
into juxta-cortical, deep white matter, and infratentorial.
Only the lesions which were 3 mm or more in size were
included and confluent lesions were excluded.
In patients with CSVD, only patients who had lesions

classified as Fazekas 0–2 (according to Fazekas scale [9,
10]) were included. Fazekas 0 lesion was defined as single
punctate lesion, Fazekas 1 lesions represented multiple
punctate lesions. Fazekas 2 lesions included some lesions
that were beginning confluence. In this group of patients,
confluent lesions were also excluded.
SWI images were analyzed for depiction of a central

vein in the white matter lesions. The MinIP SWI images
were utilized to better identify the signal void of a vein.
The central vein sign was defined according to the

standard radiological definition established in the North
American Imaging in Multiple Sclerosis (NAIMS) guide-
lines [11, 12] which recommend that: (Fig. 1)

1) Lesions adopted a ‘coffee bean’ appearance with the
vein appears as a thin hypointense central line

Table 1 MRI parameters used

Parameter SWI FlAIR T2

Field of view (mm) 230 230 230

Matrix 512 × 256 256 256

Slice thickness (mm) 3.6 5 5

Voxel size 0.9 0.9 0.9

Repetition time (ms) 77.3 6500 6735

Echo time (ms) 49.2 118.9 106

Inversion time (ms) – 1967 –

Acquisition time (ms) 4 min 4 min 18 s 2 min 11 s

Flip angle 15 90 160

Fig. 1 Magnified SWI images showing the morphology of the central vein sign according to vein direction. a Lesion with “coffee bean”
appearance in which a thin hypointense line (representing the CVS) is seen running through the lesion and intersecting it. b Lesion with
“doughnut” appearance, in which a hypointense central circular dot is noted and representing the CVS
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(when the MRI slice was parallel to the vein long
axis) or a ‘doughnut’ appearance with the vein
appears as a small hypointense central dot (when
the MRI slice was perpendicular to the vein).

2) The vein runs partially or entirely through the
lesion, but must be central in location regardless of
the lesion’s shape.

3) The vein is small in diameter (< 2 mm).

When both evaluators were in agreement in detection
of CVS, we defined the lesion as a CV positive lesion.
Exclusion criteria were also designed according to the

standard radiological definition and included: lesion < 3
mm in diameter; confluent lesion; lesion with multiple
distinct veins and lesion that is poorly visible (due to
motion or other MRI artifacts).

Statistical analysis
Descriptive statistics were calculated for the two groups
of patients, including mean/median, percentage, and
range (minimum-maximum values). Then, the ratios be-
tween number of CVS positive lesions and total number
of lesions for each patient were calculated, in both
groups. The same ratios were also calculated for lesions
according to their distribution (periventricular, non-
periventricular). Mann-Whitney U test was used to com-
pare variables between both groups which include total
number of lesions, periventricular, non-periventricular.
SPSS software package version 22.0 was used to analyze
the data. A value of p < 0.05 was considered statistically
significant.

Results
In this study, 50 patients were scanned: 30 of them were
diagnosed clinically as MS, they included 22 females and
8 males with mean age 30.97 ± 9.79 years (range 17–54
years). The other 20 patients (including 6 females and
14 males with mean age 61.40 ± 10.34 years (range 36–
70 years)) were known to have ischemic white matter le-
sions related to cerebral small-vessel disease. The differ-
ence in age and sex between the two groups of patients
was significantly different (p < 0.001).

Fig. 2 Axial (a, c e) T2WI images show hyperintense MS
periventricular (black arrows), deep white matter (arrowhead), and
juxta-cortical lesions (white arrow). On corresponding (b, d f) SWI
images, a thin hypointense line representing the CVS is seen within
the periventricular (black arrows), deep white matter (arrowhead),
and juxta-cortical lesions (white arrow) while a central hypointense
dot in the right periventricular lesion (red arrow)

Table 2 Lesion distribution presented as number and percentage

Total (N = 597) Test of significance

MS CSVD

No % No %

Total (periventricular and non-periventricular distributed) 453 75.9 144 24.1 p < 0.001*

Periventricular distributed 181 39.9 43 29.9 p = 0.02*

Non-periventricular distributed:
a) Juxta-cortical
b) Deep white matter
c) Infratentorial

272
93
159
20

60
34.1
58.5
7.4

101
30
64
7

70.1
29.7
63.4
6.9

p < 0.001*
p = 0.41
p = 0.39
p = 0.89
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Regarding disease duration in MS group, 83.3% of MS
patients suffered from the disease for < 5 years and
16.7% of patients for ≥ 5 years.
Based on the duration of MS disorder, the numbers of

detected plaques for each patient were calculated in T2,
FLAIR, and SWI sequences. It was found that the me-
dian numbers of detected plaques in patients with dis-
ease duration more than 5 years were 24 (18–31) in
T2W sequences, 25 (18–33) in FLAIR sequences, and 25
(14–31) in SWI sequences. However, the median num-
bers of plaques in patients with disease duration less
than 5 years were 12 (3–40), 13 (3–37), and 12 (3–38) in
T2W, FLAIR, and SWI sequences, respectively. All MRI
sequences used in this study showed significantly higher
numbers of plaques in patients with disease duration
more than 5 years than patients with disease duration
less than 5 years (p = 0.01).
In MS patients, 453 lesions were detected, while 144 le-

sions were detected in patients with CSVD. Regarding le-
sion distribution, in MS patients, 181 (39.95%) lesions were
detected in the periventricular region, (Figs. 2 and 5) while
272 (60%) lesions were detected in non-periventricular lo-
cation and then classified as (93 (34.1%) juxta-cortical, 159
(58.5%) deep white matter, and 20 (7.4%) infratentorial). In
CSVD patients, 43 (29.9%) lesions were detected in the
periventricular region while 101 (70.1%) lesions were de-
tected in non-periventricular location and then classified as
(30 (29.7%) juxta-cortical, 64 (63.4%) deep white matter,
and 7 (6.9%) cerebellar) (Table 2).

By analyzing the proportion of CVS-positive lesions in
each patient, we found that the number of MS patients
presented with CVS-positive lesions (29 patients with
the proportion of CVS positive lesions in each patient
ranging from 0 to 100%, median 48%) was significantly
higher than CSVD patients (14 patients with the propor-
tion of CVS positive lesions in each patient ranging from
0 to 44%, median 25%) (Fig. 3). This was statistically sig-
nificant (p = 0.007).
A total of 223 out of 453 MS lesions (49.22%) have dem-

onstrated the CVS, most of them (124/223, 55.6%) seen in
the periventricular region, while only 37 out of 144 CSVD
lesions (25.69%) were CVS-positive with (15/37, 40.5%) le-
sions had a periventricular distribution. This was statisti-
cally significant with (p value < 0.001) (Table 3).
As regards the location of the CVS positive lesions,

there was a statistically significant difference between
the MS and CSVD patients in both periventricular and
non-periventricular location (with the p value = 0.004
and 0.007, respectively) as shown in Fig. 4. In MS pa-
tients, 68.5% (124/181) of periventricular lesions and
36.39% (99/272) of non-periventricular lesions were
positive for CVS (Figs. 2 and 5), while in CSVD group,
only 34.88% (15/43) of periventricular lesions and
21.78% (22/101) of non-periventricular were positive for
CVS (Figs. 6 and 7).
The CVS was found to have a premium diagnostic per-

formance in diagnosis of MS with the sensitivity 83.3%,
specificity 70%, positive predictive value 80.6%, and nega-
tive predictive value 73.7% (Table 4). When CVS positive
lesions load was 44.24% and above, the specificity of CVS
in diagnosing MS raised to 100% (Fig. 8).

Discussion
White matter lesions are usually depicted on brain MRI
done for various indications. The majority of them
caused by microangiopathy, but multiple sclerosis, is also
considered an important cause. Conventional MRI

Fig. 3 Comparison of the proportion of peri-venous lesions seen in patients with MS versus patients with CSVD

Table 3 Number and percentage of lesion with CVS in MS and
CSVD patients

MS lesions
(no = 453)

CSVD lesions (no = 144) Test of significance

No % No %

CVS positive 223 49.22 37 25.69 p < 0.001*

CVS negative 230 50.77 107 74.3
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cannot accurately differentiate between these patholo-
gies. SWI can detect the central vein sign which has
been suggested to discriminate between MS and other
white matter lesions as microangiopathic brain lesions
[13].
This study revealed that central vein sign positive le-

sions were much more in MS (49.22%) than in CSVD
(25.69%) with statistically significant difference (p <
0.001). This is in agreement with a study done by Spara-
cia et al. [14], in which 40.9% of MS lesions versus 29.3%
of CSVD lesions have demonstrated the central vein
sign. This difference explains the different pathogenesis
of both diseases.
It was also found that the proportion of CVS-positive

lesions in patients with MS (median 48%, range 0–100%)
was consistently much higher than in subjects with
CSVD (mean 25%, range 0–44%). This copes with Tal-
lantyre et al. study [15] which revealed higher proportion

of perivenous lesions in patients with MS (mean 80%,
range 53–100%) than in patients without MS (mean
16%, range 0–34%).
In this study, periventricular location of the central

vein sign was more obvious in MS lesions (55.6%) than
in CSVD lesions (40.5%). This matches with previous
studies done by Sparacia et al. [14], Lane et al. [16], Kau
et al. [17], and Al-Zandi et al. [5]. This observation re-
flects the fact that MS inflammation begins around small
cerebral veins, as discovered by pathology [11, 18].
This study also revealed that the CVS is a significant

discriminator (p < 0.001) between MS-WMLs and
CSVD-WMLs with a sensitivity 83.3%, specificity 70%,
positive predictive value 80.6%, and negative predictive
value 73.7%. The CVS was also found to have a premium
diagnostic efficacy in MS diagnosis with a specificity
reaching 100% when the load of CVS positive lesions is
≥ 44.24%. This finding is in agreement with the results

Fig. 4 CVS positive lesions distribution according to lesion location in both study groups

Fig. 5 Axial (a) T2WI image shows hyperintense MS periventricular and juxta-cortical lesions (arrow and arrowhead). On the corresponding SWI
(b) and amplified SWI images (c and d), a thin hypointense line and a central hypointense dot (representing the CVS) are seen in the juxta-
cortical (arrow head) and periventricular lesions (arrow), respectively
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of Al-Zandi et al. study [5] in which the specificity for
predicting the diagnosis of MS reached 100% when the
load of CVS positive lesions was ≥ 47.5%. Also the sensi-
tivity, specificity, positive, and negative predictive values
of the CVS in MS diagnosis were 86.84%, 86.6%, 88.7%,

and 75.72%, respectively. Yet, with regard to the specifi-
city of the CVS, our results did not cope with a study
done by Lummel et al. [19] which revealed that the cen-
tral vein sign is a non-specific finding for MS. A prob-
able explication for this result is that they used a
different technique (susceptibility-weighted imaging
angiography), that differs from SWI applied in our
study.
The limitations of this study can be summarized in

three main factors: first, the relatively low field strength
(1.5 T) compared to other studies done using field
strength 3 T and 7 T. Second, although we carried out a
lesion based analysis in a reasonable number of WMLs,
both MS and CSVD groups were small. Eventually, the
significant difference in age between the two groups of
patients that reflects the different age of affection in MS
and CSVD.

Conclusion
Finally, it was concluded that SWI sequence improves
the diagnostic accuracy of MS through detection of the
CVS which considered as a fairly reliable discriminator
between MS-WMLs and CSVD-WMLs especially when
CVS positive lesion load is ≥ 44.24% of the total lesions.

Fig. 6 A 60-year-old male patient with cerebral small vessel disease.
Axial (a and c) T2WI images show multiple hyperintense
periventricular (black arrows), deep white matter (arrow head), and
juxta-cortical lesions (white arrow). On corresponding (b and d) SWI
images, a thin hypointense line representing the CVS is seen in the
periventricular (black arrows), deep white matter (arrow head), and
juxta-cortical lesions (white arrow)

Fig. 7 A 63-year-old female patient with cerebral small vessel
disease. Axial (a) T2WI image show multiple hyperintense
periventricular (black arrows) and juxta-cortical lesions (white arrow).
On corresponding (b) SWI image, a thin hypointense line
representing the CVS is seen in the periventricular (black arrows) and
juxta-cortical lesions (white arrow)

Table 4 The sensitivity, specificity, PPV, NPV and AUC for central
vein sign in MS patients

AUC
(95% CI)

p value Sensitivity Specificity PPV NPV

Percentage of
CVS SWI

0.863
(0.76–0.96)

0.001* 83.3 70.0 80.6 73.7

Fig. 8 ROC curve for determination of CVS sensitivity and specificity
in MS diagnosis
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