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Abstract
Introduction Susceptibility weighted imaging depicts the
perivenous extent of multiple sclerosis white matter lesions
(MS-WML) in vivo by directly visualizing their centrally
running vein. The aim of this study was to investigate the
specificity of this finding for MS.
Methods Fifteen patients with MS and 15 patients with
microangiopathic white matter lesions (mWML) underwent
3T MRI, including a fluid-attenuated inversion recovery
sequence (FLAIR) and a susceptibility weighted angiogra-
phy (SWAN). All WMLs were identified on FLAIR and
assigned to one of the following localizations: supra-
tentorial peripheral, supratentorial periventricular, or infra-
tentorial. Subsequently, the presence of a central vein
within these lesions was assessed on SWAN.
Results A total of 711 MS-WMLs and 1,119 m-WMLs
were identified on FLAIR, all of which could also be
visualized on SWAN. A central vein was detectable in 80%
of the MS-WMLs and in 78% of the m-WMLs (in 73% and
76% of the peripheral, in 92% and 94% of the periven-
tricular, and in 71% and 75% of the infratentorial MS-
WMLs and m-WMLs, respectively). With regard to the

supratentorial peripheral lesions, significantly more m-
WMLs showed a central vein compared to the MS-
WMLs. For the other localizations, there was no significant
difference between the groups with regard to the percentage
of lesions with central vein.
Conclusions Our results indicate that the detection of a
central vein within a WML should not be considered a
specific finding for MS; it is also found in WMLs of other
etiologies.
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Purpose

Multiple sclerosis (MS) is a chronic, multifocal, inflamma-
tory disease of the central nervous system. The process of
demyelination is reflected in white matter lesions (WMLs).
Suggestive of MS can be juxtacortical lesions, irregular and
confluent periventricular lesions, or lesions in the corpus
callosum [1]. The morphology of lesions is also important;
ovoid lesions and so-called Dawson's fingers are typically
found in MS [2, 3]. Postmortem studies have shown that
this typical distribution and form of MS lesions in the brain
can be explained by their perivenous localization [2, 4].

WMLs on MRI are not a specific finding for MS, but are
found in an abundance of other diseases. Hypertensive
microangiopathy is one of the most common causes of
WMLs, and microangiopathic WMLs (m-WMLs) are even
found in a large percentage of clinically healthy elderly
people [5–11]. Unlike in MS, m-WMLs are commonly
located in the deep and subcortical white matter [12].
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Arteriolosclerosis due to arterial hypertension is thought to
be the most important causative factor in the evolution of
these lesions [13]. The pathohistological correlate of m-
WMLs, areas of reduced myelination with atrophy of the
neuropil around fibrohyalinotic arteries, as well as different
stages of perivenous damage were found [14].

Concerning MRI, T2-weighted sequences such as long
TR dual-echo, spin-echo or fluid-attenuated inversion
recovery sequence (FLAIR) are well-established MRI
techniques to detect WMLs. While FLAIR has the
advantage of easily separating WMLs from CSF-like
lesions, it tends to overestimate the number of lesions [15,
16] and might be less sensitive to the lesions in the
posterior fossa [16]. Its reported sensitivity is 95% (87–
99%) for periventricular WMLs and 86% (79–93%) for
peripheral WMLs with a specificity of 71% (44–90%) and
80% (72–88%), respectively [17]. In order to enhance the
diagnostic specificity in clinical routine, the identification
of more specific morphologic characteristics of MS-WMLs
would be helpful.

Recently, heavily T2-weighted MR techniques have
been used to show the perivenous distribution of MS
lesions—known from histopathological studies in vivo [18–
20]. Different approaches can be used to acquire these so-
called susceptibility weighted images (SWI) [18–23].
Susceptibility weighted angiography (SWAN), the method
applied in this study, uses a 3D multi-echo gradient echo
sequence in order to enhance the T2* effect [22].

Hence, the aim of this study was to assess if a
perivenous distribution of WMLs in MRI is a specific
finding in MS patients.

Methods

The study was approved by our institutional review board
and informed consent was obtained from all patients who
participated in the MR investigations.

Subjects

In a prospective study, 15 patients with clinically definite
MS (12 women, 3 men; mean age, 48.4 years; range, 21–
70 years) were included. Twelve patients presented with a
relapsing–remitting subtype of MS and three patients were
diagnosed with secondary progressive MS. None of these
patients had any evidence or prior diagnosis of cardiovas-
cular morbidity, cerebrovascular disease, or other neuro-
logical disease.

In addition, we included 15 consecutive patients (7
women, 8 men; mean age, 69.2 years; range, 50–89 years)
with WMLs, most probably due to hypertensive micro-
angiopathy without any signs and symptoms of MS. All

patients with known stroke, manifest neurological deficit,
and severe cortical atrophy were excluded.

MRI acquisition

MR imaging was conducted on a 3.0 Tesla (T) system
(Signa HDxt, GE Healthcare, Milwaukee, WI, USA) using
an eight-channel head coil. The sequence protocol included
a transversal FLAIR and a 3D SWAN sequence. For the
FLAIR-weighted sequence, the image parameters were:
repetition time (TR), 8,500 ms; echo time (TE), 120 ms;
field of view (FOV), 200×200 mm; matrix, 320×320 mm;
slice thickness, 5 mm, 23 slices; and acquisition time, 3 min
24 s. SWAN is a T2*-weighted 3D-gradient echo pulse
sequence, which acquires multiple echoes during one TR
period at different timepoints [22]. The echoes are centered
equidistantly in time on an effective TE in order to achieve
a series of images with different TEs. From this series of
images with different T2* weightings, a collapsed image is
calculated by building the sum of the squares of the
different echoes. For this study an effective TE of 25.4 ms
was chosen along with a receiver bandwidth of 62.5 kHz in
order to achieve short echo spacing of 5.1 ms. Flip angle
was chosen to be 20°; TR=43 ms; matrix size was 384×
384 mm; FOV, 200×200 mm; slice thickness 2.6 mm; 60
slices; and acquisition time, 5 min 48 s.

Image analysis

The MR data sets were analyzed by two experienced
neuroradiologists who were blinded to all clinical data and
patient identification information. Blinding was performed
by an instructed MR technician who made all the MR data
sets anonymous by numbering them randomly. Image
interpretation was performed on a standard picture archiv-
ing and communication system workstation.

FLAIR was used as gold standard for the identification
of both MS-WMLs and m-WMLs. Each WML (size,
>3 mm) was first identified on a FLAIR image and was
classified as supratentorial periventricular, supratentorial
peripheral, or infratentorial. Periventricular lesions were
defined as those with a border within 4 mm of the
ventricular surface [18]. All other supratentorial lesions
were defined as peripheral.

In a second step, the correlate of each WML was
identified on SWAN and it was assessed if a central vein,
depicted as a hypointense structure running through the
center of a respective lesion (Figs. 1 and 2), was identified
on SWAN. Depending on the slice angle, the vein was
either depicted as a thin dark line coursing through the
center of the lesion (if it ran parallel to the acquisition
plane) or as a small dark centrally located dot that could be
tracked to adjacent slices (if the lesion, and thus the central
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vein, was orientated perpendicular to the imaging plane).
Veins which did not run through the center of a lesion, but
were located somewhere in its periphery, were not counted.
Identification of the vein was based on the consensus
between the two readers. Lesions were only classified as
“lesion with a central vein” if both readers agreed on the
identifiability of the centrally running vein. If the readers
disagreed or were not sure about the presence of a central
vein, the lesion was counted as being negative.

Statistics

For both patient groups (MS-WMLs and m-WMLs), the
mean total lesion load was calculated. Ratios between the
total number of plaques and the total number of veins in
detected plaques were calculated for all patients of both
groups. In addition, ratios were also calculated for
peripheral, periventricular and infratentorial plaques in
comparison to peripheral, periventricular and infratentorial
plaques with veins, respectively. Frequencies were normal-
ly distributed (the test used for normal distribution was the
Kolmogorov–Smirnov test). Mean ratios for all four
variables (total number of plaques, peripheral, periventric-

ular, and infratentorial plaques) between the two patient-
groups were compared using a two-sample t-test. The data
were analyzed using an SPSS (Version 17.0.2, SPSS Inc.,
Chicago, IL) statistical software, and a value of p<0.05 was
considered significant.

Results

A total of 711 MS-WMLs and 1,119 m-WMLs were
detected on FLAIR, all of which could also be identified
on SWAN. In some lesions, especially in periventricular
ones, more than one vein could be identified within a lesion
(Fig. 1). In some patients, motion artifacts influenced the
visibility of slightly small veins, but did not interfere with
the analysis of the venograms.

In the MS patients, we found a lesion load of ten to 154
lesions per patient (mean, 47±34 lesions). Three hundred
sixty one (50.8%) of the MS-WMLs were located at the
supratentorial peripheral, 278 (39.1%) at the supratentorial
periventricular, and 72 (10.1%) at the infratentorial. The
frequency of m-WML ranged from 31 to 154 lesions per
patient (mean, 75±41 lesions); 911, supratentorial periph-

a b1

b2

Fig. 1 Axial FLAIR (a) and
corresponding SWAN image
(b1) of an MS-patient with
magnified SWAN image in
boxed area (b2). In most of the
MS-WML, a central running
vein can be identified as a linear
hypointense structure running
through the center of a respec-
tive lesion on SWAN (b1) thin
arrow. Sometimes more than
one vein can be identified within
one lesion (b1) arrowhead.
Furthermore, b shows an exam-
ple of an MS-WML without a
central vein that can be depicted
(b1) fat arrow
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eral (81.4%); 161, supratentorial periventricular (14.4%);
and 47, infratentorial (4.2%) m-WMLs were found.

In total, a central vessel could be identified in 572 MS-
WMLs (80.0%) and 875 m-WMLs (78.2%). In both groups
periventricular lesions were more likely associated with a
central vessel rather than a peripheral lesion (vessels seen in
91.7% (MS-WML) and 93.8% (m-WMLs), periventricular
lesions; 73.1% (MS-WML) and 75.6% (m-WMLs), periph-
eral lesions) (for summary see Table 1).

For the periventricular and the infratentorial WMLs,
there was no significant difference with regard to the ratio
of BWMLs with central veins^ versus the “total number of
WMLs” between both groups. On the contrary, we found
significantly more supratentorial peripheral lesions with
central veins in the m-WML group compared to the MS-
WML group (p=0.014).

Conclusions

In our study, central veins were equally present in both MS-
WMLs and in m-WMLs. With regard to supratentorial
peripheral lesions, central veins were even more often
found in m-WMLs compared to MS-WMLs.

We used a multi-echo approach in order to get heavily
T2*-weighted images. The so-called susceptibility weight-
ed (SW) sequences take advantage of the high susceptibility
of materials with strong paramagnetic properties, for
example, iron and venous blood. The high amount of
deoxygenated hemoglobin leads to a relatively fast loss of

phase coherence of excited spins in venous compartments,
and therefore, to a short T2* relaxation time compared to
the surrounding tissue. Thus, these heavily T2-weighted
images are ideally suited to visualize venous vessels in
great detail [24].

Due to the enhanced susceptibility effects of the ultra-
high magnetic field scanners with field strengths of 7T or
more, they provide heavily T2*-weighted sequences even if
a relatively short TE of 25 ms is used [20]. In 1.5T and 3T

a b1

b2

Fig. 2 Axial FLAIR (a) and
corresponding SWAN image
(b1) of a patient with m-WMLs
with magnified SWAN image in
boxed area (b2). The SWAN-
sequence (b) shows one
representative supratentorial
peripheral lesion with a central
vein (b1) arrowhead and one
lesion where the vein passes
next to the lesion, but does not
cross it centrally (b1) arrow

Table 1 Demographic patient data and lesion characteristics.

MS-WML m-WML

Number of patients 15 15

Sex (male/female) 3/12 8/7

Mean age (years) 48.4 69.2

Mean lesion load (±SD) 47±34 75±41

Total number of lesions

On FLAIR 711 1,119

With central vein on SWAN (no./%) 572/80.0 875/78.2

Peripheral lesions

On FLAIR 361 911

With central vein on SWAN (no./%) 264/73.1 689/75.6

Periventricular lesions

On FLAIR 278 161

With central vein on SWAN (no./%) 255/91.7 151/93.8

Infratentorial lesions

On FLAIR 72 47

With central vein on SWAN (no./%) 51/70.8 35/74.5
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scanners, however, a long TE is needed to get a strong T2*
effect. Single-echo-long TE scans lead to the problem of
geometric distortion and chemical shift artifacts. The SWI
method or, so-called, MR venography does overcome this
drawback by masking the long TE magnitude-contrast
images with the corresponding phase-contrast images. In
SWAN, another approach is used to reduce the artifacts due
to the long TE [22]. Here, a series of magnitude images
with different TEs is acquired in order to calculate a
weighted sum of these multiple echoes. Since the multiple
echoes are collected within one TR acquisition, it is not
prolonged compared to the duration needed to acquire a
single echo. The results are heavily SWIs, which are visually
comparable to those generated using the SWI technique
introduced by Reichenbach et al. [24] (Fig. 3). Nevertheless,

Mainly due to the phase information, veins are best
visualized in the transverse orientation in the SWI sequence
[25]. It has not been evaluated yet if the orientation of the
acquisition has an impact on the visualization of the veins
in the SWAN sequence as well, although the phase
information is not taken into account in this sequence.
Nevertheless, we chose the transverse plane for the SWAN
sequence in this investigation.

With regard to MS, heavily T2*-weighted images have
been used to characterize MS-WMLs in more detail [26].
At 7T, a multilayer structure of regions with different signal
intensities and a hypointense rim in larger plaques
(>10 mm) could be depicted. In addition, SW imaging

accomplished the in vivo imaging of the perivenous
distribution of MS-WMLs, which was only known before
from histopathologic studies [2, 27, 28]. While all studies
consistently found central veins within MS plaques, the
percentage of plaques with central veins varied depending
on the field strength and sequence used on the one hand
and the localization of the plaques on the other hand. In
consensus with our findings, periventricular MS-WMLs
showed a central vein in a higher percentage (96 to 100%)
compared to peripheral plaques (65%) [18, 19, 29]. As a
possible explanation, it has been hypothesized that the
pathogenic mechanisms underlying lesion formation differ
depending on the localization of the MS-WMLs [28]. In
addition, it is possible that peripheral lesions, which tend to
be smaller than periventricular lesions, are more likely to
contain blood vessels which are beyond our spatial
resolution. This is supported by the fact that high-
resolution 7T MRI detected associated vessel in all MS
lesions—even in those smaller than 3 mm [29]. In order to
minimize this fault, we included only lesions with a
diameter of more than 3 mm.

Furthermore, the fact that a central vein could also be
delineated less often in infratentorial-located lesions could
be explained in an analogous manner. Tan et al. [19]
demonstrated that MS lesions as well as (small) veins could
not be confidently identified in the parenchyma near the air-
tissue interfaces around the sinuses or in the mastoid and
infratentorial regions using SWI. In SW images iron-
containing structures, such as the red nucleus, the substantia
nigra and the globus pallidus, also adjacent air within bony
structures of the skull base produce marked signal loss and
artifacts, respectively [19].

It has been suggested that the identification of a central
vein within a WML might be a specific finding for MS.

Fig. 3 Corresponding axial
SWI (a) and SWAN (b) of a
healthy volunteer. The images
were obtained on two different
3T MRI scanners (a Signa
HDxt, GE Healthcare, Milwau-
kee, WI, USA; b Magnetom
Verio, Siemens Healthcare,
Erlangen, Germany)
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a systematic comparison of the SWAN versus the SWI
sequence has not yet been performed to our knowledge. As a
potential benefit of the SWAN approach, the averaging of
several images results in a higher signal to noise ratio. A
disadvantage of the SWAN technique compared to the SWI
might be that the phase information is not available.



Yet, we did not only find a central vein in the majority of
MS lesions (80%), but also in the majority of m-WMLs
(78%). Analog to MS-WMLs, the veins within the m-
WMLs were located in the center of the lesion. With regard
to all lesions as well as with regard to both periventricular
and infratentorial lesions alone, there were no significant
differences concerning the percentage of MS-WMLs with
central veins versus m-WMLs with central veins. For
peripheral WMLs, the percentage of m-WMLs with central
veins was even higher than that of the MS-WMLs. In both
patient groups, periventricular lesions showed a central vein
more often than peripheral ones.

In addition to central veins, we incidentally observed
single or multiple veins at the periphery of both MS-WMLs
and m-WMLs (as shown in Fig. 1). Yet, in agreement with
histopathologic studies and previous MR studies [2, 19], we
focused on centrally running veins and disregarded periph-
eral veins.

As veins and venules are ubiquitous, there is a certain
chance that they traverse any type of WML coinciden-
tally. Tan et al. [19] discuss the presence of veins within
hypoxic ischemic WMLs as an incidental finding on SWI,
but did not investigate this issue systematically. They
hypothesize that the mere presence of a small vein within a
lesion might not be more than coincidence, while the
correspondence of ovoid lesions along a vein was typical
for MS [19]. However, patients showing only the classical
morphological findings for MS with typically ovoid
predominantly periventricular lesions do not represent a
great diagnostic challenge for the radiologist. Yet, patients
in whom, at least part of the lesions are unequivocal in
shape and localization, are the ones whose additional MS-
specific findings would be very helpful. Thus, we did not
take into account the shape of the individual lesion in our
analysis, but focused purely on the presence of a central
vein. Our results do not support the hypothesis that the
presence of a central vein on SW imaging is a specific
finding for MS [18–20].

In addition to the above-mentioned applications of SW
imaging in MS, the technique has also been reported to be
superior to FLAIR with regard to the number of identified
MS lesions [30]. We used FLAIR as the gold standard for
WMLs because it is especially sensitive to white matter
pathologies [31, 32]. Thus, our results cannot give
information about the potential superiority of SWAN
compared to the FLAIR in detecting WMLs. A comparison
of these two sequences regarding the sensitivity in detecting
WMLs is limited anyway, since they are measuring
different features, one T2 weighting and the other the
susceptibility phase. Previous studies have shown that the
two methods are complementary in that SWI sees some
lesions not seen by T2 imaging and vice versa [30, 33].
Nevertheless, in this study all WMLs (MS and micro-

angiopathic) detected on FLAIR were also reliably visual-
ized on SWAN.

As a limitation to this study the problem of the
quantification of WMLs has to be mentioned. In this study,
two neuroradiologists counted the WMLs in consensus and
did not use semi- or fully-automated quantification meth-
ods. Furthermore, we did not account for the size of the
lesions. Hence, a correlation between the size of the lesion
and the presence of a central vein could not be performed.
Another limitation is the consideration of the infratentorial
lesions as both sequences, FLAIR and SW imaging, have
their limitations in the infratentorial region. Furthermore,
the slice thickness between the FLAIR (5 mm) and the
SWAN (2.6 mm) sequence has to be mentioned. Since we
did not aim to compare the sensitivity of the SWAN and the
FLAIR regarding the detection of WMLs, but to access the
differential diagnostic value of the depiction of a central
vein within a certain WML, the aforementioned limitations
do not necessarily influence our conclusions.

In summary, the results of this study indicate that the
detection of a central vein within a WML cannot be
considered a specific finding for MS. As far as MR imaging
is concerned, the typical distribution and shape of the
lesions are up to the present still the major criteria for the
diagnosis of MS.

Conflict of interest statement We declare that we have no conflict
of interest.
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