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BACKGROUND AND PURPOSE: Neurologic involvement in Behçet disease, also known as NBD, is one
of the most devastating manifestations of the disease. The precise pathologic mechanism of paren-
chymal NBD lesions has not been established. We evaluated lesion characteristics and probable
venous hemorrhage in parenchymal NBD by using SWI, and we compared the imaging results with
conventional MR imaging sequences.

MATERIALS AND METHODS: We performed cranial MR imaging by using a 1.5T scanner in 23 patients
with a definitive diagnosis of parenchymal NBD. We compared the proportion of lesion detection and
the performance of hemorrhagic detection with the T2 FSE, T2*GE, and SWI magnitude, and SWI mIP
by using the �2 test.

RESULTS: The proportion of lesion detection with both SWI magnitude and SWI MinMIP was signif-
icantly larger than that with T2*GE. The proportions of lesion detection among all other pairs of
methods were not significantly different according to the corresponding P value (�2 � 17.4929, df �
3, P � .0006). Proportions of hypointense hemorrhagic lesions with T2 FSE and T2*GE were not
significantly different, and likewise for the proportions of hypointense hemorrhagic lesions with SWI
magnitude and SWI mIP. In contrast, the proportions of hypointense hemorrhagic lesions with SWI
magnitude and SWI mIP were significantly larger than that with T2 FSE and T2*GE (�2 � 108.5396,
df � 3, P � .0001).

CONCLUSIONS: Most of the lesions in parenchymal NBD were found to be hemorrhagic with SWI,
supporting the proposed venous theory in pathology. In addition, compared with T2 FSE and T2*GE
sequences, SWI was more successful in the determination of widespread involvement of the disease,
particularly in nonchronic cases.

ABBREVIATIONS: BD � Behçet disease; BSA � brain stem atrophy; CC � corpus callosum; CV�
collateral vein; mIP � minimum intensity projection; NBD � neuro-Behçet disease; PVS � prom-
inent venous structure; SWI � susceptibility-weighted imaging; T2 FSE � T2-weighted fast
spin-echo; T2*GE � T2*-weighted gradient-echo; TSV � thalamostriate vein

BD was first reported by the Turkish dermatologist Hulusi
Behçet who described 3 cases of recurrent oral and genital

ulceration with uveitis.1 Although this classic triad remains
diagnostically important, BD has emerged as a multisystem
disorder.2-4 Neurologic involvement in BD (also known as
NBD) is one of the most devastating manifestations of the
disease and usually occurs 1–10 years after the first symptom
of BD has appeared. Other symptoms of BD usually precede its
neurologic complications. However, when the first symptom
of BD is neurologic, as in 3% of cases, diagnosis of the disease
becomes challenging. NBD is subclassified into 2 major forms:
parenchymal and nonparenchymal. The 2 types rarely occur
in the same individual, and their pathogeneses are probably

different.5,6 The precise pathologic mechanism of parenchy-
mal NBD lesions has not been established. Parenchymal NBD
lesions have been hypothesized to be venous infarcts7; how-
ever, this hypothesis needs more pathologic support because
vasculitis cannot usually be demonstrated within parenchy-
mal NBD lesions.8-12

SWI is a new neuroimaging technique that uses tissue mag-
netic susceptibility differences to generate a unique contrast
and is different from spin attenuation, T1, T2, and T2*. SWI
consists of using both magnitude and phase images and is very
sensitive for the detection of venous deoxygenated blood
products inside as well as outside of the blood vessels.13 The
purpose of this study was to evaluate lesion characteristics in
parenchymal NBD with SWI and to compare the results with
conventional MR imaging sequences.

Materials and Methods

Patients
The study protocols were approved by our institutional review board,

and informed consent was obtained from each patient. We evaluated

12 female and 11 male patients, ranging in age from 20 to 52 years

(mean age, 37.95 years). In this study, the subjects were composed of

follow-up patients with definitive diagnosis of BD. All patients were

referred from the Behçet Disease Research Center of our university

hospital. Criteria established by the International Study Group for BD

were used for diagnosis.14 We selected BD patients who had neuro-
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logic manifestations such as headache or neurologic deficit. Neuro-

logic involvement was evaluated and defined by neurology consul-

tants at the Research Center from the Department of Neurology,

which referred the patients for MR examination. Patients with neu-

rologic or other diseases involving the central nervous system, trau-

matic brain injury, and hypertension were excluded from this study.

All patients were normotensive. The study period ranged from March

2009 to March 2010.

Data Acquisition
MR images were acquired by using a 1.5-T unit (Magnetom Avanto;

Siemens, Erlangen, Germany) with a 12-channel head coil. The MR

imaging protocols included transverse T2 FSE imaging (TR/TE, 4880/

116 ms; section thickness, 3 mm; flip angle, 30°; echo-train length, 11;

acquisition matrix, 512 � 256 ms; and FOV, 230 mm), transverse

T1-weighted spin-echo imaging (TR/TE, 375/11 ms; section thick-

ness, 3 mm; flip angle, 90°; acquisition matrix, 512 � 256 ms; and

FOV, 230 mm), and T2*GE imaging (TR/TE, 829/26 ms; section

thickness, 3 mm; flip angle, 20°; acquisition matrix, 512 � 256 ms;

and FOV, 230 mm). The SWI was acquired with the following param-

eters: TR/TE, 57/40 ms; section thickness, 2 mm; flip angle, 20°; band-

width, 80 Hz/pixel; acquisition matrix, 512 � 256 ms; FOV, 230 mm;

and acquisition time, 5 minutes). All images were acquired in the

same axial plane. Subsequently, SWI sequences were reconstructed by

using a mIP technique to obtain images with section number, thick-

ness, and position similar to those of T2 FSE and T2*GE sequences.

MR imaging data were anonymized before evaluation. All the imaging

sequences, including SWI, were explained to the patients, and written

informed consent was obtained.

Imaging Analysis
Two neuroradiologists (10 years of experience) reviewed the MR im-

ages independently by using a PACS (Carestream Health, Rochester,

New York). Equivalent sections of T2 FSE, T2*GE, SWI magnitude,

and SWI mIP were compared simultaneously by using 2 linked 19-

inch monitors divided into 4 windows. T2 FSE, T2*GE, SWI magni-

tude, and SWI mIP sequences were each evaluated for lesion exis-

tence, number, and localization. Lesion signals were classified as

hyperintense and hypointense according to the neural parenchyma.

Hemorrhagic foci were defined as hypointense signals on T2 FSE,

T2*GE, SWI magnitude, and SWI mIP, without continuity with sur-

rounding vascular structures. Images were reviewed additionally for

asymmetric prominent venous structures with irregular contours, de-

fined as dilated and tortuous veins with ill-defined borders compared

with the venous structures in the contralateral healthy parenchyma.

Only deep venous occlusions were evaluated, and they were defined as

abrupt discontinuity of the vein. Collateral venous structures were

defined as venous structures adjacent to the lesion with an atypical

pathway in the brain parenchyma. Brain stem atrophy was evaluated.

Statistical Analyses
We compared the performance of lesion detection with T2 FSE,

T2*GE, SWI magnitude, and SWI mIP by using the �2 test. We first

evaluated the equality of the proportion of lesion detection by using

the 4 MR imaging methods. If significant differences were found be-

tween them, we performed a pair-wise comparison to detect which

methods significantly differed in lesion detection. The statistical tool

used was the test of proportions for 2 or more groups. We tested the

equality of the proportion of detected lesions by using the 4-sample

test for equality of proportions without Yates’ continuity correction

(ie, at least 2 proportions are significantly different). Next, we per-

formed the 2-sample test for equality of proportions with Yates’ con-

tinuity correction to determine which pairs of proportions were sig-

nificantly different and in which direction. Both P values were

adjusted for the 6 multiple pair-wise tests by using the Holm correc-

tion method.

We also compared the performance of the detection of hemor-

rhagic signal intensity with T2 FSE, T2*GE, and SWI magnitude, and

SWI mIP by using the �2 test. We first tested the equality of the

proportion of hypointense hemorrhagic lesion detection for the 4 MR

imaging methods. If significant differences were found between them,

we performed a pair-wise comparison to detect which methods sig-

nificantly differed in hypointense hemorrhagic lesion detection. The

statistical tool used was the test of proportions for 2 or more groups.

We tested the equality of the proportion of detected lesions by using

the 4-sample test for equality of proportions without Yates’ continu-

ity correction. Next, we performed the 2-sample test for equality of

proportions with Yates’ continuity correction to determine which

pairs of proportions were significantly different and in which direc-

tion. Both P values were adjusted for the 6 multiple pair-wise tests by

using the Holm correction method.

Results
Lesions were established in 21 of 23 patients. In one patient, we
detected one lesion compatible with arterial ischemia in the
corticosubcortical area of the left temporal lobe; however, this
lesion was not included in the statistical analysis for compari-
son among sequences. In 2 of the remaining 22 patients, we
did not establish any lesions because they had advanced brain
stem atrophy, indicating that they were in the chronic stage of
NBD. Thus, statistical analysis was performed in 20 patients.
In total, 52 lesions were found in these patients. The number
of the lesions ranged from 1 to 5 (mean � SD number of
lesions, 2.52 � 1.36). In SWI, the hemorrhagic lesions were
apparent in our cases; therefore, we did not observe disagree-
ment between 2 readers. Thus, a consensus conference was not
deemed necessary. Localizations of lesions were as follows: 20
in the pons, 7 in the medulla oblongata, 6 in the putamen, 7 in
the thalamus, 5 in the mesencephalon, 2 in the corona radiata,
3 in the caudate nucleus, 1 in the capsula interna, and 1 in the
splenium of corpus callosum. A very high frequency of lesions
occurred in the pons compared with other locations.

In total, 50 lesions were detected with SWI magnitude and
SWI mIP, 43 lesions were detected with T2 FSE, and 38 lesions
were detected with T2*GE. The proportion of lesion detection
with both SWI magnitude and mIP was significantly larger
than that with T2*GE (P � .0084 and P � .0084, respectively).
The proportions of lesion detection between all others pairs of
methods were not significantly different from the correspond-
ing P value (�2 � 17.4929, df � 3, P � .0006). For example, the
proportions of lesion detection with SWI magnitude and T2
FSE were not significantly different (P � .2230).

Hypointense hemorrhagic signals were detected with SWI
magnitude and SWI mIP in 42 of 50 lesions, with T2*GE in 3
of 38 lesions, and with T2 FSE in 2 of 43 lesions. The propor-
tions of hypointense hemorrhagic lesions with T2 FSE and
T2*GE were not significantly different (P � 1.0000) and like-
wise for the proportions of hypointense hemorrhagic lesions
with SWI magnitude and SWI mIP. Conversely, the propor-
tion of hypointense hemorrhagic lesions with SWI magnitude
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and SWI mIP were significantly larger than that with T2 FSE
(P � .0001) and T2*GE (P � .0001; �2 � 108.5396, df � 3,
P � .0001).

Eight lesions that were detected with SWI could not be
detected with T2*GE or T2 FSE. Nine lesions that were de-
tected with SWI could not be detected with T2 FSE. Fourteen
lesions that were detected with SWI could not be detected with
T2*GE. Two lesions that were determined to be hyperintense
with T2 FSE and T2*GE could not be detected with SWI. Also,
6 patients had advanced brain stem atrophy. Around 6 lesions,
prominent venous structures (Fig 1) were detected, whereas in
2 lesions, occlusion of the thalamostriate veins was detected.
In one of the 2 lesions with occluded thalamostriate veins, a
marked collateral venous structure was observed near the oc-
cluded vein (Fig 2). The established lesion characteristics in
the present study are summarized in the Table.

Discussion
In the initial studies regarding parenchymal NBD, swelling of
the brain stem, multiple foci of cell infiltration, and perivas-
cular inflammatory cell cuffs were pathologically demon-
strated.15,16 Rubinstein and Urich17 supported these neuro-
pathologic findings and reported that lesions became
increasingly chronic with extensive gliosis; atrophy; thicken-
ing and fibrosis of the meninges in some cases; and chronic
relapse of inflammatory cellular infiltration around venules,
capillaries, and occasionally arteries. In other studies, perivas-
cular lymphocytic infiltration without fibrinoid necrosis,
thrombosis, or endothelial degeneration were reported.18-21

In 1996, Hadfield et al22 reported the neuropathologic find-
ings of an NBD patient in whom the frontal lobe, capsula
interna, basal ganglia, cerebellum, and brain stem had acute,
multifocal encephalitis, indicating numerous foci. In the con-

clusion of their report, it was noted that vasculitis and conse-
quent superimposed thrombosis for necrotizing lesions in
NBD were seen in the absence of vessel wall inflammation.
However, necrotizing lesions may be present because of pri-
mary acute neutrophilic inflammation. In 2004, Mirsattari et
al11 hypothesized that an NBD patient with prompt atrophy of
the brain and of generally all parts of the central nervous sys-
tem (particularly the brain stem) involved chronic meningo-
encephalomyelitis. T-lymphocytes were exclusively present
and showed perivascular cuffing. In 2008, Hirohata23 evalu-
ated biopsied or autopsied brain tissues from acute NBD,
chronic progressive NBD, and NBD in long-term remission.
In acute NBD, infiltration of mononuclear cells around small
vessels was revealed, as was apoptosis of most neurons. Infil-
tration of mononuclear cells also was observed around small
vessels in the pons, cerebellum, medulla, capsula interna, and
midbrain in the acute attack phase of chronic progressive
NBD. In the biopsy of the inactive NBD patient, the most
prominent features were atrophy of the brain stem and gliosis.
Foci of mild infiltrations of mononuclear cells were still de-
tected around small vessels. Hirohata23 suggested that soluble
factors, including proinflammatory cytokines, were produced
in neuronal apoptosis. Despite these findings, Scardamaglia et
al24 reported a case with NBD where prominent fibrinoid ne-
crosis was observed in small postcapillary venules, and there
was surrounding acute and chronic inflammation, consistent
with vasculitis, in a brain biopsy. Thus, the pathogenesis of
NBD remains unclear, and the most accepted findings are
perivascular lymphocytic infiltration without objective vascu-
litic infiltration.

SWI is a 3D, long echo time, T2*GE sequence technique
that allows enhancement of local contrast by using a high-pass
filtered phase mask, exploiting the magnetic properties of tis-

Fig 1. Case 16. Lesion in the right capsula interna is observed as hyperintense on T2 FSE (A) and T2*GE (B) images. In this localization, multiple hemorrhagic foci are observed as hypointense
on SWI magnitude (C) and SWI mIP (D) images. In addition, prominent venous structures adjacent to the left corona radiata lesion are observed with continuity in consecutive sections
on the SWI mIP (E) image.
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sues, such as blood or iron-containing cells, that affect mag-
netic field inhomogeneity.25-27 SWI exploits the magnetic sus-
ceptibility differences between tissues, resulting in phase
differences between regions containing paramagnetic deoxy-
genated blood products (deoxyhemoglobin, intracellular met-
hemoglobin, or hemosiderin) and surrounding tissue.28 This
method allows visualization of veins with diameters in the
submillimeter range even with conventional 1.5T whole body
MR imaging systems.25 To detect venous vessels, the deoxy-
genation state of hemoglobin is used as an intrinsic contrast
mechanism.29 SWI has been applied to various pathologies of
the brain that affect magnetic inhomogeneity, such as stroke,30

trauma,31 cerebral cavernous malformation,32 arteriovenous
malformation,33 pathophysiology affecting iron-storage con-
ditions,34 intratumoral hemorrhages,35 and cerebral amyloid
angiopathy.36 SWI is particularly helpful for the evaluation of
diffuse axonal injury that is often associated with punctate
hemorrhages in the deep subcortical white matter, which are
not routinely visible on CT or conventional MR imaging se-
quences.28 Tong et al31,37 and Babikian et al38 have both shown
that SWI has 3– 6 times the sensitivity of conventional T2*GE
sequences for detecting the size, number, volume, and distri-
bution of hemorrhagic lesions in diffuse axonal injuries.

In our study, we detected the hemorrhagic component
with SWI in 42 of a total of 53 lesions. Despite the SWI data,
T2*GE and T2 FSE could only detect 3 and 2 hemorrhagic
lesions, respectively. In addition to hemorrhagic lesions in
SWI, 6 lesions exhibited prominent venous structures, 2 dis-
played occlusion of thalamostriate veins, and 1 revealed a col-
lateral venous structure. Eight lesions were shown with SWI,
but these lesions were not detected with T2*GE or T2 FSE.
Nine lesions that were detected with SWI could not be ob-
served with T2 FSE, and 14 lesions that were detected with SWI
could not be detected with T2*GE. However, 2 lesions were

not detected with SWI, but they were observed to be hyperin-
tense with T2*GE and T2 FSE. In this condition, despite hem-
orrhagic lesions that accompanied other venous pathologies
shown sensitively by SWI, some of the nonhemorrhagic le-
sions could not be determined, probably because of low ana-
tomic resolution or because of nonhemorrhagic gliosis in the
chronic period. Thus, although SWI shows almost all of the
hemorrhagic lesions, it is insensitive to some of the nonhem-
orrhagic lesions. Therefore, T2 FSE and T2*GE examinations
should be used together with SWI to establish both hemor-
rhagic and nonhemorrhagic Behçet lesions. No remnant of
hemorrhage was found in 2 NBD cases with advanced brain
atrophy and extensive infiltration. This outcome may suggest
that previous remnants of hemorrhage may be resorbed sub-
sequently in chronic BD or that there is possibly a different
nonhemorrhagic pathophysiologic mechanism. Calcification
cannot be definitively identified by MR imaging because its
signals are variable on conventional spin-echo T1- or T2-
weighted images and cannot be differentiated from hemor-
rhage by gradient-echo images because both will cause local
magnetic field changes and appear as hypointensities. How-
ever, phase images on SWI can help differentiate calcification
from hemorrhage because calcification is diamagnetic,
whereas hemorrhage is paramagnetic, resulting in opposite
signal intensities.13,28

Some studies have suggested that venous involvement may
be the primary cause of parenchymal injury. However, arterial
involvement was suggested by Hirohata.23 We consider all
neuropathologic studies because both arterial and venous
perivascular infiltration constitute NBD involvement. Indeed,
arterial ischemia may cause white infarcts without hemor-
rhaging. In contrast, obvious venous ischemia is generally
hemorrhagic in pathology. Cerebral venous ischemia leads to
parenchymal injury because of locally increased venous pres-

Fig 2. Case 20. Hemorrhagic lesion in the right putamen is observed as hypointense on the SWI magnitude (A) image. This lesion is observed as hyperintense on the T2 FSE (B) image.
In the lesion vicinity, occlusion of thalamostriate veins (C) and marked collateral venous structure (D) are observed on the SWI mIP images.
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sure, which exceeds the pressure generated by the arteries. Be-
cause of leaking of blood into the damaged area, infarcts are
more likely to encounter hemorrhagic transformation than
arterial types of ischemic stroke.39 Previous neuropathologic
studies generally did not examine lesions for iron accumula-
tion, hemorrhage, or remnants of hemorrhage. Landeyro et
al40 presented a case of an autopsy of an NBD patient in whom
multiple hemorrhagic infarctions were found in the brain
stem. Microscopic examination revealed generalized perivas-
cular lymphocytic and neutrophilic inflammation in small
and medium vessels with intense diapedesis bleeding. This
phenomenon was predominant in the brain stem. Similarly,
for this case, parenchymal NBD lesions with SWI were found
to be hemorrhagic. Thus, parenchymal lesions in NBD are

probably associated with venous structures. In our study, al-
most all hemorrhagic findings resulted from venous lesions,
though in pathologic studies, both arterial and venous vascu-
lar structures generally are infiltrated, which requires clarifi-
cation. Because the arterial wall is thicker and more elastic
than the venous wall and the luminal pressure is higher in
arteries, we believe that veins are more frequently affected,
because of the external mechanical effects and inflammatory
chemical substances, which have a higher potential impact on
the thinner venous wall and lower venous luminal pressure.41

In our study, 1 of 23 patients demonstrated arterial infiltra-
tion, whereas we believe that the others probably showed ve-
nous infiltration. Importantly, in our study, because our ap-
proach is supported, 42 of 52 lesions were hemorrhagic,

Table 1: MR findings and characteristics of the lesions in parenchymal NBD

Case
No. Age Sex

Lesion
No.

Locations of
Lesions

Signal Intensity in Lesions

Other FindingsT2 FSE T2*GE
SWI

Magnitude
SWI
mIP

1 44 F 1 Putamen Hyper Hyper Hyper Hyper
2 Mesencephalon Hypo Hypo Hypo

2 39 F 3,4,5 Pons Hyper Hyper Hypo Hypo
6 Medulla oblongata Hyper Hyper

3 31 M 7 Pons Hypo Hypo
8 Pons Hyper Hyper Hypo Hypo

4 40 M 9 Putamen Hypo Hypo Hypo Hypo
5 31 M 10 Pons Hyper Hyper Hypo Hypo
6 44 F 11 Thalamus Hypo Hypo

12 Thalamus Hypo Hypo PVS
7 36 M BSA
8 52 F 13,14 Putamen Hyper Hypo Hypo

15 Putamen Hyper Hyper Hyper Hyper
9 41 M 16 Pons Hypo Hypo BSA

17,18 Medulla oblongata Hyper Hyper Hyper Hyper BSA
10 46 F BSA
11 38 M 19 Thalamus Hyper Hyper Hypo Hypo BSA

20,21 Pons Hyper Hypo Hypo BSA
22 Medulla oblongata Hyper Hyper BSA
23 Pons Hyper Hyper Hypo Hypo BSA

12 30 M 24 Thalamus Hypo Hypo
25,26 Pons Hyper Hypo Hypo

13 37 F 27 Pons Hyper Hyper Hypo Hypo BSA
28 Medulla oblongata Hypo Hypo BSA

14 45 M 29 Thalamus Hyper Hyper Hypo Hypo PVS
15 27 F 30 Thalamus Hypo Hypo PVS

31 Mesencephalon Hypo Hypo Hypo Hypo
16 44 M 32 Corona radiata Hyper Hyper Hypo Hypo PVS

33 Capsula interna Hyper Hyper Hypo Hypo
17 20 F 34 Splenium of CC Hypo Hypo
18 36 F 35 Caudate nucleus Hyper Hyper Hypo Hypo PVS

36 Pons Hyper Hyper Hypo Hypo
19 34 F 37 Corona radiata Hyper Hyper Hyper Hyper

38 Thalamus Hyper Hyper Hypo Hypo
39,40 Pons Hyper Hyper Hyper Hyper

41 Medulla oblongata Hyper Hyper Hyper Hyper
20 41 M 42 Caudate nucleus Hyper Hyper Hypo Hypo Occlusion of TSV and CV

43 Putamen Hyper Hyper Hypo Hypo
44 Mesencephalon Hyper Hyper Hypo Hypo
45 Pons Hyper Hyper Hypo Hypo

21 40 F 46 Caudate nucleus Hyper Hyper Hypo Hypo Occlusion of TSV
47,48 Mesencephalon Hyper Hyper Hypo Hypo
49,50 Pons Hyper Hyper Hypo Hypo

22 39 F 51 Pons Hyper Hyper Hypo Hypo PVS, BSA
52 Medulla oblongata Hyper Hyper Hypo Hypo BSA

23 35 M 53 Temporal lobe Arterial ischemia
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venous occlusions were shown in deep venous structures in
some cases, irregularities of venous contours were observed,
and venous collateral structures were revealed.

In patients with prior large cerebral hemorrhage or chronic
hypertension, the prevalence of microhemorrhages were re-
ported to be between 57% and 78%.42 Similarly, in patients
with traumatic brain injury, it is known that microhemor-
rhages may occur.28 Therefore, patients with neurologic or
other diseases involving the central nervous system, traumatic
brain injury, and hypertension were excluded from this study.

An important limitation of our study is the lack of suffi-
cient cases, which prevented the classification of acute, sub-
acute, and chronic lesions into separate groups. The interpre-
tation of acute, subacute, and chronic lesions could be
beneficial for understanding pathogenesis and the prognostic
process. The present study was performed by using a 1.5T MR
device. Comparing 1.5T with 3T and 7T high-field devices, the
high-field SWI technique may provide a more detailed de-
scription about venous structures. Thus, using high Tesla de-
vices could be advantageous for revealing venous pathologies
in future studies. In the present study, the data were collected
prospectively from patients who visited our tertiary outpatient
clinics for a relatively short time, and further examinations
were not performed. Future studies by using SWI in a larger
number of NBD cases and for longer times such as 5 or 10
years may provide further information about the generation
and evolution of the lesions.

Conclusions
SWI is a new imaging method for the detection of lesion char-
acteristics in parenchymal NBD. Compared with both T2 FSE
and T2*GE sequences, SWI demonstrated hemorrhagic foci in
many more lesions; this superiority was statistically signifi-
cant. In addition, in the lesion vicinity, prominent venous
structures, as well as the occlusion of venous and collateral
venous structures, were revealed with SWI. Venous effects and
venous theory in parenchymal NBD are supported by the ex-
istence of hemorrhagic foci and accompanied venous pathol-
ogy in most of the lesions detected by SWI.
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disease. A case report and clinico-pathological review of the literature in Ja-
pan. J Neurol Sci 1967;5:417–39

19. Totsuka S, Hattori T, Yazaki M, et al. Clinicopathologic studies on neuro-
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