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1. Introduction
Multiple sclerosis (MS) is a chronic, neurodegenerative 
disease characterized by multiple inflammatory demyelin-
ating lesions of the central nervous system (CNS). This 
condition is the most common cause of nontraumatic dis-
ability in young adults [1,2] and is pathologically charac-
terized by multifocal inflammation, demyelination, axonal 
damage, and neuronal loss [3]. There is no specific diag-
nostic test for MS [4]. Instead, this diagnosis is achieved by 
evaluating a patient’s clinical characteristics, laboratory re-
sults, electrophysiological studies, and imaging results. For 
the latter, magnetic resonance imaging (MRI) is the most 
used and most effective method in radiological evaluation. 
The McDonald criteria based on MRI have facilitated early 
diagnosis and initiation of disease-modifying treatment, 
significantly improving disease outcomes. However, these 
criteria have not achieved sufficient sensitivity or specific-

ity [5,6]. Vascular, infectious, neoplastic, congenital, and 
metabolic diseases may cause misdiagnosis by causing le-
sions that can mimic MS on MRI [7–9]. Therefore, the dis-
tinction between MS lesions and leukoaraiosis is critical.

Various studies have been conducted to distinguish MS 
lesions from other pathologies that produce similar signal 
changes on MRI. An MRI detectable central vein sign (CVS) 
in white matter lesions (WML) has been proposed as a bio-
marker of inflammatory demyelination, and CVS has been 
suggested as an auxiliary finding in MS lesion diagnosis 
[10]. Histopathological postmortem studies have indicated 
that the localization and shape of MS lesions are appropri-
ate for perivenular distribution, supporting CVS in MRI 
[2,4,11]. Researchers have attempted various MRI sequenc-
es to reveal the perivenular localization of MS lesions. One 
such sequence is susceptibility-weighted imaging (SWI), a 
flow-compensated gradient-echo sequence that can detect 
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the vein in the center of the lesion due to its high sensitiv-
ity to slow venous flow [1,12,13]. Recent studies comparing 
the presence of CVS in different neurological diseases and 
MS lesions have shown that CVS can accurately distinguish 
MS from mimickers [14–16].  However, more research in 
different populations is needed for CVS to be accepted as a 
reliable diagnostic criterion. One of the common differen-
tial diagnoses for MS is focal white matter hyperintensity 
(leukoaraiosis) due to cerebral small vessel disease (CSVD). 
Therefore, this study compares the presence of CVS in 
WMLs in MS patients and the presence of CVS in patients 
with leukoaraiosis and the distribution of CVS-positive le-
sions across locations in the Turkish population.

2. Materials and methods
This study has a prospective character, and the research-
ers began this study after receiving approval numbered 
60116787-020/8901 dated 06.02.2019 from the “Pamuk-
kale University Non-Interventional Clinical Research 
Ethics Committee”. After the team informed the patients 
about the test and study, they obtained the participants’ 
written and verbal consent. Additionally, MRI safety rules 
were observed before the patients were taken into the de-
vice, and the patients were not allowed to participate in the 
presence of any contraindications.
2.1. Case selection
This study included 374 patients scheduled for brain MRI 
scans between February 15, 2019, and August 15, 2019. 
These patients exhibited no malignancy, vasculitis, rheu-
matologic disease, or neurological disease other than MS. 
Beyond this, no patient has a history of previous cerebro-
vascular accident (CVA) or cranial operation.

Of these participants, 177 were followed up with a di-
agnosis of MS in the hospital’s neurology clinic or their 
initial MS diagnosis using clinical and radiological find-
ings. All these patients met the dissemination in space cri-
teria according to the 2017 McDonald criteria. Of these 
177 patients, 19 had hypertension and 15 had diabetes. 
The MR image quality of 16 patients was insufficient for 
evaluation, and 38 patients did not have lesions suitable for 
evaluation (Table 1). Eighty-eight patients were excluded 
from the study for these reasons, and the remaining 89 
patients (35 men, 54 women, mean age 38, range 18–64) 
were called the MS group. 

One hundred and ninety-seven patients had no MS 
and other neurological diseases, oncological diseases, 
past CVA and had no complaints other than nonspecific 
ones such as headache, dizziness, or weakness. The quali-
ty of the images from 32 of these patients was suboptimal, 
and the appropriate lesion (Table 1) was not observed in 
73 of them. Beyond this, previously unknown Chiari 1 
malformation, idiopathic intracranial hypertension, or 
ventriculomegaly were detected on MRI images from 12 
patients. For these reasons, 117 patients were excluded 
from the study. The remaining 80 patients (31 men and 
49 women, mean age 56, range 33–65) constituted the 
second group, the Leukoaraiosis group. The diagram of 
patients included and excluded from the study appears 
in Figure 1.
2.2. MRI protocol
Cranial MRI examinations of the patients included in the 
study were performed using a neurovascular dStream digi-
tal head coil in a 1.5 Tesla superconducting magnet (Phil-
ips Ingenia; Philips Medical Systems, Best, Netherlands) 
system at the hospital. Furthermore, the MRI examina-
tion protocol, sagittal 3D FLAIR (Repetation time: 4800 
ms, echo time: 366 ms, matrix: 252 mm × 184 mm, slice 
thickness: 0.9 mm, slice gap: 0 mm, FOV: 230 mm × 167 
mm, inversion time: 1660 ms), and axial SWI (Repetation 
time: 35 ms, echo time: 30 ms, matrix: 256 mm × 197 mm, 
slice thickness: 2 mm, slice gap: 0 mm, FOV: 230 mm × 
167 mm) sequences were added to routine imaging in all 
patients. MRI protocol and sequence properties are given 
in Table 2.
2.3. Image evaluation
In this study, MRI data were analyzed by a 20-year expe-
rienced neuroradiologist and a radiologist with four years 
of experience. Both of these researchers were blinded to 
the patients’ clinical data. Axial 2D-FLAIR and sagittal 
3D-FLAIR sequences were used to identify lesions of MS 
or leukoaraiosis in the supratentorial white matter in each 
patient. Infratentorial lesions, cortical lesions, and brain-
stem lesions can be only partially evaluated because of 
their proximity to bone structures and mastoid cells, lead-
ing to significant susceptibility artifacts in SWI sequences 
[1,2,17]. Therefore, these lesions were not included in this 
study.

Table 1. Inclusion criteria for white matter lesions in the study.

The long diameter of the lesion ≥ 3 mm
The lesion does not tend to merge with another white matter lesion.
Not having more than one hypointensity in the lesion.
Lesion borders can be seen in both FLAIR and SWI sequences.

FLAIR: Fluid attenuated inversion recovery, SWI: Susceptibility weighted imaging
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Each lesion was first identified in 3D FLAIR images. 
To evaluate the CVS according to the location of each le-
sion, the researchers examined these lesions by dividing 
them into three locations: periventricular (those touching 
the ventricle wall), juxtacortical (those touching the cor-
tex), and deep white matter (all remaining supratentorial 
WMLs) [18,19] (Figures 2a, 2b, and 2c). The inclusion cri-
teria for WMLs in this study appear in Table 1 [16] (Fig-
ures 3a and 3b).

After the WMLs were identified, the presence of CVS 
in the SWI sequence was investigated. In the SWI se-
quence, the presence of a hypointense point in the center 
of the round lesion or a linear hypointensity parallel to the 
long axis of the ovoid lesion, and crossing the center of the 
lesion (Figures 4a and 4b) was accepted as CVS [16]. Any 
hypointensities lacking these features were not accepted as 
CVS (Figure 4c). It was based on the consensus of both 
observers in the evaluation of whether the lesions were in-

Table 2. Sequences and details in the MRI protocol.

TR (msn) TE (msn) Matrix Slice thickness 
(mm)

Slice gap 
(mm)

FOV 
(mm × mm) TI (msn) Epi factor b value 

(s/mm2)

Ax T1 MTC 535 15 272 × 160 5 1 183 × 131
Ax T2 6165 110 205 × 256 3 1 230 × 179
FLAIR 11,000 140 256 × 168 3 1 193 × 159 2800
DWI 3231 85 105 × 192 5 1 230 × 179 53 0 and 1000
SWI 35 30 256 × 197 2 0 230 × 179

Sag 3D 
FLAIR 4800 366 252 × 184 0.9 0 230 × 167 1660

MS: Multiple sclerosis, Ax: Axial, Sag: Sagittal

Figure 1. Diagram of patients excluded and included in the study.
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cluded in the study and the presence of CVS in the lesions. 
After determining whether each lesion was positive or 
negative for central vein sign, the central vein sign positiv-
ity rate was determined by dividing the number of central 
vein sign positive lesions by the total lesion number for 
each patient. Then, statistical analysis was performed on 
these ratios.
2.4. Statistical analysis
The data were analyzed using the SPSS 25.0 package 
program. Continuous variables are given as mean, mini-
mum, and maximum values, and categorical variables are 
displayed as numbers and percentages. Next, the Mann-

Whitney U test was used to compare independent group 
differences, and a chi-square analysis was used to com-
pare categorical variables. Additionally, the ROC analysis 
method was employed to examine the performance and 
validity of the CVS positivity rate measurements. From the 
ROC analysis, the Youden Index value was used to deter-
mine the most appropriate cut point. Sensitivity, specific-
ity, positive predicted value, and negative predicted value 
were obtained from the examinations involving the most 
appropriate cut-off points obtained according to CVS pos-
itivity rate results. Finally, the performance results were 
examined.

Figure 2. White matter lesion locations: A) Sagittal 3D-FLAIR sequence, periventricular lesion, B) Axial 2D-FLAIR sequence, deep 
white matter lesion, C) Axial 2D-FLAIR sequence, juxtacortical lesion.

Figure 2A Figure 2B Figure 2C

Figure 3A Figure 3B
Figure 3. Examples of excluded lesions: A) White matter lesions with a bilateral tendency to merge 
were observed in the axial FLAIR image, and these lesions were excluded from the study.  B) Axial 
SWI image, the lesion was not included in the study due to more than one hypointensity in the 
center of the periventricular white matter lesion located in the left frontal lobe. 
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3. Results
3.1. Demographic features
In this study, the researchers evaluated MR images of 89 
patients (mean age 38.4, range 18–64 years) in the MS 
group and 80 patients (mean age 55.6 years, range 33–65 
years) in the leukoaraiosis group. Overall, there were more 
female than male patients in both groups (60.7% in the MS 
group and 61.2% in the leukoaraiosis group). The age and 
gender distributions of the patients are shown in  3.
3.2. Number and distribution of WMLs
In this work, 1908 WMLs were evaluated, including 1265 
WMLs in the MS group and 643 WMLs in the leukoara-
iosis group. All lesions were selected in axial 2D-FLAIR, 
sagittal 3D-FLAIR, and SWI sequences.

When the locations of the lesions were examined, most 
of the lesions in the MS group were observed in the peri-
ventricular area (612 lesions, 48%). In the leukoaraiosis 
group, most of the lesions were in deep white matter (449 
lesions, 70%). The distribution of the lesions examined ac-
cording to groups and locations is summarized in Table 3.

In the patients in the MS group, the number of periven-
tricular lesions was higher than the number of deep white 
matter lesions (p < 0.001), and the number of juxtacortical 
lesions (p < 0.001). Beyond this, there was no statistically sig-
nificant difference between the number of deep white matter 
lesions and the number of juxtacortical lesions (p = 0.072).

In the leukoaraiosis group, the number of deep white 
matter lesions was statistically significantly higher than 
the number of periventricular lesions (p < 0.001) and the 
number of juxtacortical lesions (p < 0.001). In this group, 
no statistically significant difference was found between 
the periventricular white matter and the number of juxta-
cortical lesions (p = 0.443).

3.3. Evaluation of CVS
Subsequently, CVS was positive in 919 (72.6%) of the MS 
group lesions and 290 (45.1%) lesions from the leukoara-
iosis group. There was no significant relationship between 
CVS rates and age or gender in either group. Additionally, 
the distribution of CVS positivity rates of the lesions is 
shown schematically in Figure 5.

The CVS positivity rates in periventricular WMLs and 
in the MS group were higher than those of deep white mat-
ter lesions (p < 0.001) and juxtacortical lesions (p < 0.001). 
There was no significant difference between CVS positiv-
ity rates of lesions in deep white matter and juxtacortical 
locations (p = 0.114 in total, p = 0.807 in the MS group). 
In the leukoaraiosis group, no statistically significant dif-
ference was found between the CVS positivity rates of the 
lesions in any of the three locations. The distribution of 
CVS-positive lesions in the MS and leukoaraiosis groups 
by location is shown in Table 3.

The CVS positivity rate in all WMLs in patients in the 
MS group was higher than in patients with leukoaraiosis 
(p < 0.001). Additionally, in the comparisons between both 
groups in the periventricular white matter, deep white 
matter, and juxtacortical areas; higher CVS was found in 
MS patients than in patients with leukoaraiosis (Table 3). 
When all locations were evaluated together, the area under 
the curve was calculated as 0.88 (95% confidence interval 
0.83–0.93) in the ROC (receiver operating characteristic) 
analysis. According to the results of the ROC analysis, 
when the cut-off point of CVS positivity in WMLs was de-
termined to be 59%, the sensitivity for CVS in the diagno-
sis of MS was 84.2%, the specificity was 77.5%, the positive 
predictive value was 80.6%, and the negative predictive 
value was 81.5%.

Figure 4A Figure 4B Figure 4C
Figure 4. A) Axial SWI view, point hypointensity consistent with CVS in the center of deep white matter lesions with two posterior left 
frontal lobes and one posterior to the right frontal lobe. B) Axial SWI image, linear hypointensity parallel to the long axis of the lesion 
in the center of the white matter lesion located posterior to the left frontal lobe was evaluated in favor of the CVS. C) Axial SWI image, 
although the deep white matter localized lesion in the right temporal lobe has hypointensity in the center, this lesion was considered 
CVS negative because it was located perpendicular to the long axis of the lesion.
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4. Discussion
Multiple sclerosis is a central nervous system disease that 
causes neurological deficits, especially in young adults, so 
it is essential to distinguish MS from other central nervous 
system diseases. However, for this, additional findings are 

needed to strengthen the current MS diagnostic criteria. 
Histopathological postmortem studies indicated that the 
localization and shape of MS lesions were appropriate for 
perivenular distribution. MRI-detectable central vein sign 
(CVS) in white matter lesions (WML) has been proposed 

Table 3. Demographic characteristics of patients in MS and leukoaraiosis groups, numbers and percentages of white 
matter lesions in patients and distribution of CVS-positive lesions by location.

MS Leukoaraiosis P-value

Number of patients (percentage) 89 80 0.939
Male 35 (39.3) 31 (38.8)
Female 54 (60.7) 49 (61.2)
Mean age 38.4 55.5 <0.01
Number of lesions (percentage) 1265 643 <0.01
Periventricular 612 (48) 91 (14) <0.01
Deep white matter 355 (28) 449 (70) 0.08
Juxtacortical 298 (24) 103 (16) <0.01
Number of CVS positive lesions (CVS positivity percentage) 919 (72.6) 290 (45.1) <0.01
Periventricular 491 (80.2) 50 (54.9) <0.01
Deep white matter 234 (65.9) 204 (45.4) 0.08
Juxtacortical 204 (65.1) 36 (34.9) <0.01

CVS: Central vein sign, MS: Multiple sclerosis

Figure 5. Schematic representation of the distribution of white matter lesions and 
CVS positivity rates by location in both patient groups (PV: Periventricular, DWM: 
Deep white matter, JC: Juxtacortical, CVS: Central vein sign).
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as a biomarker of inflammatory demyelination and may 
therefore aid the diagnosis of MS. The literature already in-
cludes studies examining CVS in MS. Most of these studies 
have been conducted with a 3T MRI device, and in recent 
years, few studies have been conducted with a 7T MRI 
device. However, the number of studies performed with a 
1.5T MRI device has been relatively small. This study com-
pared the CVS rates from MS patients and patients with 
leukoaraiosis using a 1.5T MRI device. Additionally, 1908 
WMLs were evaluated in 169 patients, 89 of whom were 
MS patients and 80 of whom were leukoaraiosis patients. 
The numbers of patients and lesions were higher than 
those in many studies in the literature. Furthermore, in 
this study, the CVS rate in the MS group was 72.6%, while 
this rate was 45.1% in the leukoaraiosis group. According 
to these results, the CVS positivity rate in MS patients was 
higher than in patients with leukoaraiosis in the Turkish 
population, a finding consistent with many studies in the 
literature [1,14,20–24].

Similarly, one study in the literature compared CVS in 
MS and control groups using a 1.5T magnetic power de-
vice, and the results were published by Sparacia et al. in 
2018 [24]. In this work, FLAIR and SWI sequences were 
used to evaluate the WML and CVS. There were 19 pa-
tients in each group, and the study evaluated 313 lesions in 
the MS group and 75 lesions in the small vascular access 
group. According to the results of this study, CVS positiv-
ity was 40.9% in the MS group. In the present study, this 
rate was higher: 72.6%. In the group with small vascular 
disease, the CVS positivity rate was 29.3%, but in the cur-
rent study, this rate was 45.1%. In the study by Sparacia et 
al., the rate of CVS positivity in lesions of MS patients was 
higher than that of patients with cerebral small vascular 
disease, results consistent with the present study. Beyond 
this, the number of patients included in this study was 
higher than the number of patients included in the study 
by Sparacia et al. Additionally, unlike in the work of Spara-
cia et al., this study did reveal a 3D-FLAIR sequence, and 
other studies have indicated that this method is superior to 
2D-FLAIR sequences in detecting lesions in MS patients 
[25]. The higher number of CVS in both groups in the 
present study than in the other study mentioned may have 
resulted because the current team detected more lesions 
in more patients by using 3D-FLAIR than the researchers 
in the other study. Additionally, MS patients with diseases 
such as diabetes and hypertension that could cause WMLs 
of leukoaraiosis were excluded from the current study. 
On the other hand, in the study by Sparacia et al., no such 
exclusion criterion was mentioned and therefore some le-
sions observed in MS patients may result from CSVD, pro-
ducing a low CVS rate.

In a study by Maggi et al. in 2018, MS and inflammato-
ry vasculopathies were compared in terms of CVS positiv-

ity [26]. This multicenter study used 1.5T and 3T devices 
and employed FLAIR and T2* EPI (echo-planar imaging) 
sequences following intravenous contrast material admin-
istration for CVS evaluation. The study evaluated 52 MS 
patients and 31 inflammatory vasculopathy patients [26]. 
Overall, the CVS rate in the MS group was 88%, whereas 
the CVS rate in the inflammatory vasculopathy group was 
14% and higher in MS patients than in the other group. 
This finding was consistent with the current study.

A metaanalysis published in 2019 by Suh et al. [27] 
reviewed CVS, evaluating 21 studies reporting outcomes 
for 501 MS patients. In the studies evaluated in this meta-
analysis, the rate of CVS in MS patients varied between 
40% and 90%, and the average rate of CVS in MS lesions 
was 74% [27]. Again, in the metaanalysis published by 
Castellaro et al. in 2020, this rate was 73% [28]. In the 
present study, the rate of CVS in MS patients was 72.6%, 
consistent with the results of the other studies mentioned.

Additionally, the metaanalyses published by Suh et al. 
[27] and Castellaro et al. [28] examined the CVS differ-
ences according to the magnetic strength of the MRI de-
vices used in the studies. The CVS rate increased in direct 
proportion to the magnetic power of the device, especially 
in the MS group. In the studies performed with 7T, 3T, and 
1.5T devices, the mean CVS rates were 84%, 79%, and 56%, 
respectively, in the study by Suh et al., and 82%, 74%, and 
58%, respectively, in the study by Castellaro et al. In the 
metaanalysis by Suh et al., 11 studies had a control group 
and used 3T and 7T devices. In these studies, the CVS rate 
of the control group decreased as the magnetic strength in-
creased. However, this rate was not statistically significant 
(26% in studies with 7T devices and 38% in studies with 
3T devices). Compared with the studies performed with 
3T and 7T MRI devices, this study may have produced a 
lower CVS rate in the MS group and a higher CVS rate in 
the control group (leukoaraiosis) because this work used 
a 1.5T MRI device. However, these results could change 
depending on the number of patients, their demographics, 
and control group diseases. Beyond this, the cut-off values 
in CVS rates in the studies included in the metaanalysis 
by Suh et al. varied between 30% and 67%, but these rates 
varied between 30% and 54% in the studies included in 
the metaanalysis by Bhandari et al. in 2020 [29]. After the 
statistical evaluation in the metaanalyses, the most appro-
priate cut-off values were 40% [27] and 45% [28]. In this 
study, the cut-off value was 59%, a high value because the 
CVS rate in the leukoaraiosis group was higher than the 
averages stated in the metaanalysis.

Consistent with many studies in the literature, this 
study revealed a higher CVS rate in the WMLs of MS 
patients compared to the WMLs of control patients (leu-
koaraiosis). However, there were differences in the CVS 
percentages of lesions between the MS and control groups, 
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both among the publications in the literature and in the 
present study. While CVS positivity rate in MS lesions is 
over 80% in some publications [1,5,20,26,30], it has been 
reported as 40%–50% in some publications [21,24,31]. 
Close values were reported in the present study and in 
the study of Mistry et al. (72%, 72.7%, respectively). There 
may be many reasons for this difference. First, in many of 
these studies, the magnet power of the MRI device was 3T, 
whereas fewer studies had a magnet power of 1.5T. As this 
power decreases, the image quality decreases and the eval-
uation of the lesions becomes difficult, so the CVS detec-
tion rate may decrease accordingly [27]. Second reason for 
the aforementioned discrepancies between studies may be 
the differences in the detection rates of WMLs depending 
on whether 3D-FLAIR was used or not. Third, in the liter-
ature, five different sequences, SWI, SWAN, T2*, T2* EPI, 
and FLAIR*, were used to detect CVS, and this detection 
efficiency may vary, causing the differences noted among 
the results discussed. Fourth, the present study did not in-
clude lesion sizes, and the literature has demonstrated that 
as the size of the WML increases, the rate of CVS detection 
increases [1]. Therefore, if the lesions in the current study 
were smaller than the lesions included in the studies in the 
literature, a lower CVS rate may have resulted. In addition 
to these, studies have been conducted regarding the effect 
of the ages of MS lesions on the detection of CVS [32,33]. 
According to a view, there may be a decrease in deoxygen-
ized hemoglobin in the venous structure in the center due 
to hypometabolic conditions in chronic stage plaques, thus 
decreasing the detection of SWI sequences. The ages of the 
lesions were not investigated in this study, so one of the 
reasons for the difference in CVS rates may be lesion ages.

Additionally, the WMLs in MS are more likely to be 
visible in the periventricular area than in other diseases 
[34]. Especially in the ventricular neighborhoods, the 
venous system displays more intensity, so CVS could be 
seen more in these regions [17]. In the present study, le-
sions were examined from three groups: periventricular, 
deep white matter, and juxtacortical. In the MS group, the 
CVS rate (80.2%) of lesions in the periventricular space 
was higher than the rate in the other two locations (65.9% 
in the deep white matter and 65.1% in the juxtacortical 
area). There was no statistically significant difference be-
tween CVS rates in all three locations in the other group. 
The reason for this difference may be that there are more 
venous structures in the periventricular space and MS le-
sions are more common in the periventricular space. Since 
leukoaraiosis lesions are mostly arteriole-based [35], the 
distribution of venous structures within the parenchyma 
should not affect the distribution of the CVS rate in WMLs 
due to leukoaraiosis.

According to the results of this study, the rate of CVS 
in MS patients in the Turkish population was found to 
be higher than in patients with leukoaraiosis, similar to 
studies conducted in different populations in the litera-
ture. Additionally, the CVS rate in lesions in the periven-
tricular area was higher in MS patients than that in other 
locations.

However, the current study had several limitations. 
For instance, this study was conducted in a single center.  
Apart from this, the decrease in the number of patients 
as a result of low quality MR images, which are generally 
caused by patient-related problems, can be counted among 
the limitations.

References

1. Kau T, Taschwer M, Deutschmann H, Schönfelder M, Weber JR 
et al. The “central vein sign”: is there a place for susceptibility 
weighted imaging in possible multiple sclerosis? European 
Radiology. 2013; 23 (7): 1956-1962. https://doi.org/10.1007/
s00330-013-2791-4

2. Lummel N, Boeckh-Behrens T, Schoepf V, Burke M, 
BrückmannH et al. Presence of a central vein within white 
matter lesions on susceptibility weighted imaging: A specific 
finding for multiple sclerosis? Neuroradiology. 2011; 53 (5): 
311-317. https://doi.org/10.1007/s00234-010-0736-z

3. Noseworthy JH, Lucchinetti C, Rodriguez M, Weinshenker BG. 
Multiple Sclerosis. New England Journal of Medicine. 2000; 343 
(13): 938-952. https://doi.org/10.1056/NEJM200009283431307

4. Mistry N, Dixon J, Tallantyre E, Tench C, Abdel-Fahim R. 
et al. Central veins in brain lesions visualized with high-
field magnetic resonance imaging: A pathologically specific 
diagnostic biomarker for inflammatory demyelination in the 
brain. JAMA Neurology. 2013; 70 (5): 623-628. https://doi.
org/10.1001/jamaneurol.2013.1405

5. Maggi P, Absinta M, Sati P, Perrotta G, Massacesi L et al. 
The “central vein sign” in patients with diagnostic “red flags” 
for multiple sclerosis: A prospective multicenter 3T study. 
Multiple Sclerosis Journal. 2020; 26 (4): 421-432. https://doi.
org/10.1177/1352458519876031

6. van der Vuurst de Vries RM, Mescheriakova JY, Wong 
YYM, Runia TF, JafariN et al. Application of the 2017 
Revised McDonald Criteria for Multiple Sclerosis to 
Patients With a Typical Clinically Isolated Syndrome. JAMA 
Neurology. 2018; 75 (11): 1392. https://doi.org/10.1001/
jamaneurol.2018.2160

7. Solomon AJ, Bourdette DN, Cross AH, Applebee A, Skidd 
PM et al. The contemporary spectrum of multiple sclerosis 
misdiagnosis. Neurology. 2016; 87 (13): 1393-1399. https://doi.
org/10.1212/WNL.0000000000003152

8. Solomon AJ, Klein EP, Bourdette D. “Undiagnosing” 
multiple sclerosis: The challenge of misdiagnosis in MS. 
Neurology. 2012; 78 (24): 1986-1991. https://doi.org/10.1212/
WNL.0b013e318259e1b2



YAVAŞ and SAĞTAŞ / Turk J Med Sci

1941

9. Enzinger C, Fazekas F. Measuring Gray Matter and 
White Matter Damage in MS: Why This is Not Enough. 
Frontiers in Neurology. 2015; 6. https://doi.org/10.3389/
fneur.2015.00056

10. Tallantyre EC, Dixon JE, Donaldson I, Owens T, Morgan 
PS. Ultra-high-field imaging distinguishes MS lesions from 
asymptomatic white matter lesions. Neurology. 2011; 76 (6): 
534-539. https://doi.org/10.1212/WNL.0b013e31820b7630

11. Graham DI, Lantos PL. Greenfield’s Neuropathology. 6th ed. 
London, UK: Arnold; 1997.

12. Haacke EM, Mittal S, Wu Z, Neelavalli J, Cheng YC. 
Susceptibility-Weighted Imaging: Technical Aspects 
and Clinical Applications, Part 1. American Journal of 
Neuroradiology. 2009; 30 (1): 19-30. https://doi.org/10.3174/
ajnr.A1400

13. Lane JI, Bolster B, Campeau NG, Welker KM, Gilbertson 
JR. Characterization of Multiple Sclerosis Plaques Using 
Susceptibility-Weighted Imaging at 1.5 T. Journal of Computer 
Assisted Tomography. 2015; 39 (3): 1. https://doi.org/10.1097/
RCT.0000000000000233

14. Mistry N, Abdel-Fahim R, Samaraweera A, Mougin O, 
Tallantyre E et al. Imaging central veins in brain lesions with 
3-T T2*-weighted magnetic resonance imaging differentiates 
multiple sclerosis from microangiopathic brain lesions. 
Multiple Sclerosis Journal. 2016; 22 (10): 1289-1296. https://
doi.org/10.1177/1352458515616700

15. Filippi M, Rocca MA, Ciccarelli O, De Stefano N, Evangelou 
N et al. MRI criteria for the diagnosis of multiple sclerosis: 
MAGNIMS consensus guidelines. Lancet Neurology. 
2016; 15 (3): 292-303. https://doi.org/10.1016/S1474-
4422(15)00393-2

16. Sati P, Oh J, Constable RT, Evangelou N, Guttmann CRG 
et al. The central vein sign and its clinical evaluation for the 
diagnosis of multiple sclerosis: a consensus statement from the 
North American Imaging in Multiple Sclerosis Cooperative. 
Nature Reviews Neurology. 2016; 12 (12): 714-722.  https://doi.
org/10.1038/nrneurol.2016.166

17. Tan IL, van Schijndel RA, Pouwels PJW, van Walderveen MA, 
Reichenbach JR et al. MR venography of multiple sclerosis. 
American Journal of Neuroradiology. 2000; 21 (6): 1039-1042. 
http://www.ncbi.nlm.nih.gov/pubmed/10871010

18. Kim KW, MacFall JR, Payne ME. Classification of White Matter 
Lesions on Magnetic Resonance Imaging in Elderly Persons. 
Biological Psychiatry. 2008; 64 (4): 273-280. https://doi.
org/10.1016/j.biopsych.2008.03.024

19. Thompson AJ, Banwell BL, Barkhof F, Carroll WM, Coetzee 
T et al. Diagnosis of multiple sclerosis: 2017 revisions of the 
McDonald criteria. Lancet Neurology. 2018; 17(2): 162-173. 
https://doi.org/10.1016/S1474-4422(17)30470-2

20. Al-Zandi SH, Fayadh NAH, Al-Waely NKN. Central vein 
sign detected by SWI at 3 T MRI as a discriminator between 
multiple sclerosis and leukoaraiosis. Egyptean Journal of 
Radiology and Nuclear Medicine. 2018; 49 (1): 158-164. https://
doi.org/10.1016/j.ejrnm.2017.09.003

21. Clarke MA, Samaraweera APR, Falah Y, Pitiot A, Allen CM 
et al. Single Test to ARrive at Multiple Sclerosis (STAR-MS) 
diagnosis: A prospective pilot study assessing the accuracy of 
the central vein sign in predicting multiple sclerosis in cases 
of diagnostic uncertainty. Multiple Sclerosis. 2020; 26 (4): 433-
441. https://doi.org/10.1177/1352458519882282

22. Clarke MA, Pareto D, Pessini-Ferreira L, Arrambide G, 
Alberich M et al. Value of 3T Susceptibility-Weighted Imaging 
in the Diagnosis of Multiple Sclerosis. American Journal 
of Neuroradiology. 2020; 41 (6): 1001-1008. https://doi.
org/10.3174/ajnr.A6547

23. Samaraweera APR, Clarke MA, Whitehead A, Falah Y, Driver 
ID et al. The Central Vein Sign in Multiple Sclerosis Lesions 
Is Present Irrespective of the T2* Sequence at 3 T. Journal of 
Neuroimaging. 2017; 27 (1): 114-121. https://doi.org/10.1111/
jon.12367

24. Sparacia G, Agnello F, Gambino A, Sciortino M, Midiri M. 
Multiple sclerosis: High prevalence of the ‘central vein’ sign 
in white matter lesions on susceptibility-weighted images. 
Neuroradiology Journal. 2018; 31 (4): 356-361. https://doi.
org/10.1177/1971400918763577

25. Tawfik AI, Kamr WH. Diagnostic value of 3D-FLAIR magnetic 
resonance sequence in detection of white matter brain lesions 
in multiple sclerosis. Egyptean Journal of Radiology and 
Nuclear Medicine. 2020; 51 (1): 127. https://doi.org/10.1186/
s43055-020-00247-6

26. Maggi P, Absinta M, Grammatico M, Vuolo L, Emmi G et 
al. Central vein sign differentiates Multiple Sclerosis from 
central nervous system inflammatory vasculopathies. Annals 
of Neurology. 2018; 83 (2): 283-294. https://doi.org/10.1002/
ana.25146

27. Suh CH, Kim SJ, Jung SC, Choi CG, Kim HS. The “Central 
Vein Sign” on T2*-weighted Images as a Diagnostic Tool in 
Multiple Sclerosis: A Systematic Review and Meta-analysis 
using Individual Patient Data. Scientific Reports. 2019; 9 (1): 
18188. https://doi.org/10.1038/s41598-019-54583-3

28. Castellaro M, Tamanti A, Pisani AI, Pizzini FB, Crescenzo 
F et al. The Use of the Central Vein Sign in the Diagnosis of 
Multiple Sclerosis: A Systematic Review and Meta-analysis. 
Diagnostics. 2020; 10 (12): 1025. https://doi.org/10.3390/
diagnostics10121025

29. Bhandari A, Xiang H, Lechner-Scott J, Agzarian M. Central 
vein sign for multiple sclerosis: A systematic review and meta-
analysis. Clinical Radiology. 2020; 75 (6): 479.e9-479.e15. 
https://doi.org/10.1016/j.crad.2020.01.011

30. Cortese R, Magnollay L, Tur C, Abdel-Aziz K, Jacob A et al. 
Value of the central vein sign at 3T to differentiate MS from 
seropositive NMOSD. Neurology. 2018; 90 (14): e1183-e1190.  
https://doi.org/10.1212/WNL.0000000000005256

31. Sinnecker T, Clarke MA, Meier D, Enzinger C, Calabrese 
M et al. Evaluation of the Central Vein Sign as a Diagnostic 
Imaging Biomarker in Multiple Sclerosis. JAMA Neurology. 
2019; 76 (12): 1446-1456. https://doi.org/10.1001/
jamaneurol.2019.2478



YAVAŞ and SAĞTAŞ / Turk J Med Sci

1942

32. Ge Y, Zohrabian VM, Osa EO, Xu J, Jaggi H et al. Diminished 
visibility of cerebral venous vasculature in multiple sclerosis 
by susceptibility-weighted imaging at 3.0 Tesla. Journal of 
Magnetic Resonans Imaging. 2009; 29 (5): 1190-1194.  https://
doi.org/10.1002/jmri.21758

33. Zivadinov R, Poloni GU, Marr K, Schirda CV, Magnano 
CR et al. Decreased brain venous vasculature visibility on 
susceptibility-weighted imaging venography in patients with 
multiple sclerosis is related to chronic cerebrospinal venous 
insufficiency. BMC Neurology. 2011; 11: 128. https://doi.
org/10.1186/1471-2377-11-128

34. Louapre C. Conventional and advanced MRI in multiple 
sclerosis. Revue Neurologique (Paris). 2018; 174 (6): 391-397. 
https://doi.org/10.1016/j.neurol.2018.03.009

35. Bot JCJ, Barkhof F, à Nijeholt GL, van Schaardenburg D, 
VoskuylAE et al. Differentiation of Multiple Sclerosis from 
Other Inflammatory Disorders and Cerebrovascular Disease: 
Value of Spinal MR Imaging. Radiology. 2002; 223 (1): 46-56. 
https://doi.org/10.1148/radiol.2231010707

https://doi.org/10.1148/radiol.2231010707

	Central vein sign: comparison of multiple sclerosis and leukoaraiosis
	Recommended Citation

	tmp.1671715442.pdf.MWCQN

