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Diffusion-weighted Imaging Patterns of Brain Damage
Associated with Cerebral Venous Thrombosis

Denis Ducreux, Catherine Oppenheim, Xavier Vandamme, Didier Dormont, Yves Samson, Gérald Rancurel,
Guy Cosnard, and Claude Marsault

BACKGROUND AND PURPOSE: Apart from cases studies, little is known regarding diffu-
sion-weighted imaging of brain lesions associated with human cerebral venous thrombosis
(CVT). Our aim was to describe the initial diffusion-weighted imaging patterns observed in
brain areas with MR signal changes associated with CVT and to compare them with those of
follow-up imaging.

METHODS: The cases of nine patients with brain lesions associated with CVT who under-
went CT and diffusion-weighted imaging 3 hours to 4 days after sudden neurologic onset were
retrospectively reviewed. The apparent diffusion coefficient (ADC) in abnormal brain was com-
pared with that of contralateral normal regions using z score analysis. MR images obtained
during 3 to 6 months of follow-up were available for seven patients.

RESULTS: All patients had nonhemorrhagic T2-hyperintense brain regions. These were as-
sociated with partially hemorrhagic areas on the CT scans of four patients. In nonhemorrhagic
edematous areas, ADC was heterogeneous (coexistence of increased, normal, or decreased
ADC) in five patients and homogeneous in four. In the latter four patients, ADC values were
within normal range in three, whereas a large homogeneous hyperintensity with decreased
ADC values (0.3–0.4 1023mm2/s, ,23 z scores) was observed in one. When available, follow-
up images always showed hemorrhagic sequelae in initially hemorrhagic areas. Nonhemor-
rhagic edematous areas with initially increased ADC values returned to normal. Initially nor-
mal or decreased ADC values were predictive of reversibility, although imaging sequelae were
rarely observed.

CONCLUSION: The diffusion-weighted imaging/ADC pattern of venous stroke is more het-
erogeneous than previously thought. Large brain regions of reduced ADC values that are not
predictive of ultimate infarction in cases of CVT can be observed.

Diffusion-weighted MR imaging is increasingly
used for diagnostic purposes in cases of acute
stroke (1–3). In contrast to the documented diag-
nostic power of diffusion-weighted imaging for
acute arterial stroke, little is known regarding the
diffusion-weighted imaging pattern of venous
stroke. In a previous experimental report (4) and in
human case studies (5–7) of diffusion-weighted im-
aging in cases of cerebral venous thrombosis
(CVT), the apparent diffusion coefficient (ADC)
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was shown to be decreased (4–6), normal (6), or
increased (7). Moreover, the prognostic value of the
ADC in acute venous stroke is still debated, al-
though it has been recently suggested that diffu-
sion-weighted imaging could noninvasively help in
selecting those patients with CVT who would ben-
efit from more aggressive treatments (5). Our aim
was to describe the initial diffusion-weighted brain
imaging/ADC patterns associated with CVT, to de-
termine whether these patterns differ from the
known diffusion-weighted imaging patterns of ar-
terial stroke, and to evaluate the predictive value
of initial diffusion-weighted imaging/ADC on im-
aging sequelae of the brain after CVT.

Methods

Patients

From a database of 30 patients with a proven diagnosis of
CVT, who underwent MR imaging between December 1997
and February 2000, we retrospectively selected those who had
experienced a sudden onset of acute neurologic symptoms and
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who had undergone unenhanced CT and MR imaging, includ-
ing diffusion-weighted imaging performed within 4 days of
neurologic onset. Nine patients (all women; age range, 20–65
years; mean age, 40.1 years) fulfilled these criteria. Before un-
dergoing imaging, all patients complained of progressive head-
aches and underwent emergent clinical evaluation by a stroke
neurologist because of sudden neurologic symptoms: sensori-
motor deficit (n 5 8), aphasia (n 5 2), loss of cognitive func-
tions (n 5 1), and seizures (n 5 3). Delay from the time of
sudden onset of these neurologic symptoms to initial MR im-
aging ranged from 3 hr to 4 days (1.6 6 1.4 [mean 6 SD]
days). The diagnosis of CVT was assessed by only MR an-
giography in five cases, by MR angiography and angio-CT in
two cases, and by digital angiography and MR angiography in
the other two cases. CVT exclusively involved the superficial
venous system (cortical veins, superior sagittal sinus, and
transverse sinuses) in seven patients and the superficial and the
deep venous system (vein of Galen, straight sinus or internal
cerebral veins) in two patients. Associated conditions were
found in all except one patient: nicotinism and contraceptive
therapy (n 5 4), polycythemia vera (n 5 1), anemia (n 5 2),
and sinusitis (n 5 1). For all patients, heparin therapy was
initiated immediately after the positive diagnosis of CVT. In
addition, two patients were treated by in situ thrombolysis. The
demographic and clinical data of the nine studied patients are
presented in the Table.

Initial MR Imaging

Four MR imaging sequences were performed with a 1.5-T
MR unit. For the T1-weighted sequence, the parameters were
as follows: imaging time, 3 min; sagittal or axial interleaved
sections, 5 mm; matrix, 512 3 224; field of view, 24 3 24
cm; 425/20 (TR/TE); and bandwidth, 32 kHz. For the fast flu-
id-attenuated inversion recovery (FLAIR) imaging sequence,
the parameters were as follows, imaging time, 4 min; axial
interleaved sections, 5 mm; matrix, 256 3 256; field of view,
24 3 24 cm; 10002/148/2200 (TR/TEeff/TI); and bandwidth,
32 kHz. For the 2D time-of-flight imaging sequence, the pa-
rameters were as follows: interleaved sections, 90 3 2 mm;
matrix, 256 3 256; field of view, 22 3 22 cm; 20/6.5 (TR/
TE); flip angle, 60 degrees; bandwidth, 15.63 kHz; and coronal
sections were obtained for all patients, except one patient with
a deep CVT. For two patients, prototype diffusion-weighted
imaging sequences were obtained with the following parame-
ters: imaging time, 1 min; images, multisection single shot
spin-echo diffusion echo-planar with a pair of diffusion gra-
dients centered around the 180-degree pulse; axial section
thickness, 6 mm; section gap, 1.5 mm; matrix, 96 3 64; field
of view, 28 3 21 cm; 4000/120 (TR/TEeff); and five sets of
17 sections were acquired with five b values (duration 5 25
ms, separation time 5 28 ms), starting from baseline echo-
planar imaging T2 (b 5 0 s/mm2) up to 800 s/mm2 with dif-
fusion gradients applied in three orthogonal spatial directions.
For the other seven patients, modified diffusion-weighted im-
aging sequences were obtained with the following parameters:
imaging time, 11 s; images, multisection single-shot spin-echo
echo-planar with a pair of diffusion gradients centered around
the 180-degree pulse; axial section thickness, 6 mm; section
gap, 1.5 mm; 2825/92.6 (TR/TEeff), matrix, 96 3 64; field of
view, 28 3 21 cm; and 16 sections were acquired with echo-
planar imaging T2 acquisition (b 5 0 s/mm2) and a b 5 1000
s/mm2 (diffusion gradient G 5 22mT/m, duration 5 32 ms,
separation time 5 39 ms). The diffusion gradients were suc-
cessively and separately set in the three orthogonal directions,
and isotropic images were generated.

Image Analysis

To acquire ADC calculations, one neuroradiologist visually
selected all brain areas with signal changes on diffusion-
weighted and/or T2-weighted echo-planar images (ie, b 5 0 s/

mm2) for each patient. A dedicated software tool (FuncTool)
was used to generate quantitative ADC maps. Small circular
regions of interest (ROI) of 45 mm2 (16 pixels) were centered
around areas with abnormal signal on the diffusion-weighted
or T2-weighted images to calculate mean ADC values. Ac-
cording to the extent and the signal heterogeneity of the lesion,
two to seven ROI per patient were positioned in the brain area
with MR signal changes. Mirror ROI were positioned sym-
metrically in the contralateral areas, which appeared normal on
both diffusion-weighted and FLAIR images. Overall, 37 3 2
measurements were obtained in abnormal and normal-appear-
ing brain regions. Mirror ADC measurements were then av-
eraged to obtain a reference normal ADC value (0.88 6 0.15
1023 mm2/s). Mean ADC values measured in each ROI posi-
tioned in the stroke lesion were compared with the normal
ADC value using a z score analysis. Increased and decreased
ADC values were those with z scores .2 and ,22,
respectively.

To assess hemorrhage, unenhanced CT scans and T1-weight-
ed MR images were reformatted in the same plane as that of
the initial diffusion-weighted images, using a dedicated soft-
ware tool (VoxTool). For each ROI positioned in the lesion
shown on a diffusion-weighted image, we looked for the pres-
ence of hyperdensity on the corresponding CT scan and/or hy-
perintensity on the T1-weighted images. ROI were considered
hemorrhagic whenever a hyperdense area was present on the
unenhanced CT scan or if a hyperintensity was observed on
the T1-weighted images.

A follow-up study indicated that one patient had died within
1 week of the onset of symptoms and that one patient was lost
to follow-up. The other seven patients underwent clinical and
MR imaging follow-up for 3 to 6 months after the onset of
symptoms. For one patient (patient 3) who was unable to lie
still in the scanner, image quality was insufficient to assess
sequelae in part of the lesion precisely. Overall, follow-up MR
images were available of 26 of the 37 ROI positioned within
the stroke lesion. The follow-up MR images were reformatted
in the same plane as that of the initial diffusion-weighted im-
ages by use of a dedicated software tool (VoxTool). For each
ROI initially positioned in the lesion shown on a diffusion-
weighted image, two neuroradiologists independently qualita-
tively assessed for the presence of brain atrophy or hemor-
rhagic sequelae in the corresponding area on the follow-up MR
images. The final result was reached by consensus.

Results

Venous lesions were all supratentorial. In seven
patients, lesions were located predominantly in the
cortical-subcortical area, and in two patients, le-
sions involved the gray nuclei and the subcortical
areas. The venous lesions were iso- or hypointense
on T1-weighted sequences and hypo-, iso-, or hy-
perintense on T2-weighted sequences. On diffu-
sion-weighted images, hyperintensity covered the
whole stroke lesion for six patients. In contrast,
mixed hypo-/hyperintense areas were observed on
the diffusion-weighted images of three patients.
ADC values were all significantly decreased for
one patient with a deep CVT (patient 9) (Fig 1)
and were within the normal range for three patients
(patients 6, 7, and 8). For three other patients (pa-
tients 1, 2, and 4), increased ADC values were as-
sociated with normal ADC values (Fig 2). For the
remaining two patients (patients 3 and 5), in-
creased, decreased, and normal ADC values were
observed in different ROI (Fig 3).
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FIG 1. Patient 9, a 34-year-old woman with headaches, cognitive function loss, and sudden-onset right hemiparesis.
A, MR angiogram (axial 2D time-of-flight method, maximum intensity pixel reconstruction, lateral view), obtained 1 day after the onset

of neurologic symptoms, shows an occlusion of the deep and superficial venous systems (vein of Galen, straight sinus, internal cerebral
veins, anterior part of the superior sagittal sinus).

B, Initial MR image obtained 1 day after the onset of neurologic symptoms. Axial spin-echo T1-weighted image shows bilateral areas
of hypointensity at the level of the capsulae. Initial fast-FLAIR (10002/148/2200 [TR/TE/TI]) and diffusion-weighted (4000/120 [TR/TE],
b 5 1000 s/mm2) images show widespread bilateral areas of hyperintensity in putamen, caudate nuclei, and the capsulae. ADC maps
show markedly decreased ADC values (0.33–0.42 1023 mm2/s) (ie, z scores ,23 when compared with normal-appearing brain).

C, Follow-up MR image obtained 3 months after onset shows normal-appearing brain at the level of the gray nuclei, indicating that
most lesions with initially decreased ADC values were reversible. Only focal slight areas of hyperintensity were visible in the centrum
semiovale (not shown). Symptoms regressed completely within a few weeks.

Nonhemorrhagic areas were observed in all pa-
tients but coexisted with hemorrhagic areas in four
patients. In the non-hemorrhagic areas, decreased
ADC values (range, 0.33–0.58 1023 mm2/s; z score,
23.67 to 22.01) were found in three patients (pa-
tients 3, 5, and 9) (Fig 1). Four patients (patients
1, 2, 3, and 4) had areas of significantly increased
ADC values (range, 1.21–1.74 1023 mm2/s; z score,
2.20–5.73). Other ADC values were within the nor-
mal range (range, 0.59–1.13 1023 mm2/s; z score,
21.91 to 1.67).

The clinical and imaging follow-up data are pre-
sented in the Table. No discrepancies existed be-
tween the assessments made of imaging sequelae
by the two neuroradiologists. Of the seven patients

with follow-up images, six were free of clinical se-
quelae. In initially hemorrhagic areas, hemorrhagic
sequelae were seen on the follow-up MR images
of all patients (Fig 2). In nonhemorrhagic areas,
initially normal or increased ADC values were nor-
mal on the follow-up MR images (patients 2, 3, 4,
6, and 8). One patient (patient 5) had focal atrophy
revealed by the follow-up MR images (Fig 3). In
the latter patient, although ADC values were con-
sidered normal in part of the nonhemorrhagic area,
they were at the lower limit of normal values (z
score 5 21.91). In nonhemorrhagic areas with ini-
tially decreased ADC values, sequelae were also
observed in this patient (patient 5). Conversely, the
large area with an initially homogeneous decrease



AJNR: 22, February 2001264 DUCREUX

FIG 2. Patient 2, a 41-year-old woman with vomiting, headaches, right hemianopsia, and right sensorimotor deficit of sudden onset.
A, MR angiogram (coronal 2D time-of-flight method, maximum intensity pixel reconstruction, lateral view), obtained 4 days after the

onset of neurologic symptoms, shows an occlusion of the deep venous system (internal cerebral veins, straight sinus, vein of Galen).
The right transverse sinus was also occluded (not shown).

B, Initial MR imaging and CT were performed 4 days after the onset of neurologic symptoms. CT scan shows a left capsulothalamic
hematoma surrounded by edema. Axial FLAIR (10002/148/2200 [TR/TE/TI]) and diffusion-weighted (4000/120 [TR/TE], b 5 1000 s/
mm2) images show central thalamic hypoisointensity surrounded by areas of hyperintensity. ADC values (0.59 1023 mm2/s) measured
in the hemorrhagic thalamic lesion are at the lower limit of the normal range (z score of 21.91) and increased at the periphery (1.3 1023

mm2/s, z score 5 2.8).
C, Three months later, right hemiparesis persists along with areas of hyperintensity on T1- and T2-weighted images, suggesting the

presence of hemorrhagic sequelae.

in ADC values seen on the image of another patient
(patient 9) almost completely resolved, with only
small foci of hyperintensity in the centrum semiov-
ale visible on the 3-month follow-up MR image
(Fig 1).

Discussion
Diffusion-weighted imaging is a technique in

which images display local movement possibilities
of water molecules (2, 3), and it has been exten-
sively used in cases of acute arterial stroke. Water
shifts from the extracellular to the intracellular
compartment (ie, cytotoxic edema) that occur at the
early stage of arterial stroke are thought to be re-
sponsible for the hyperintensity on diffusion-

weighted images and for the drop in ADC values
(1). Thus, diffusion-weighted imaging potentially
distinguishes between cytotoxic and vasogenic ede-
ma (8). Experimental results (9, 10) suggest that
decreased ADC values reflect cellular edema and
that increased ADC values correspond to an in-
crease in the extracellular space (ie, vasogenic ede-
ma) (11, 12).

The pathophysiology of venous stroke remains
obscure. Venous flow obstruction is thought to re-
sult in raised intracranial pressure (13), decreased
cerebral blood flow (14), and reduced cerebral per-
fusion pressure (4), subsequently leading to venous
infarction (15). As a result of venous congestion
and disruption of the blood-brain barrier, the net
capillary filtration increases, leading to progressive
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FIG 3. Patient 5, a 20-year-old woman with seizures and left motor deficit of sudden onset.
A, CT angiogram, obtained 1 day after onset, shows an occluded superior sagittal sinus. The deep venous system was intact (not

shown).
B, Initial MR imaging and CT were performed 1 day after onset. CT scan shows a large area of hypodensity with focal areas of

hyperdensity corresponding to a recent hematoma. Axial FLAIR (10002/148/2200 [TR/TE/TI]) and diffusion-weighted (4000/120 [TR/TE],
b 5 1000 s/mm2) images show a heterogeneous area with predominant areas of hyperintensity and hypointensity at the site of the
hematoma seen on the CT scan. ADC map shows mixed areas of increased ADC values (1.66 1023 mm2/s) (ie, z score .3), at the
lower limit of normal values (0.59 1023 mm2/s) (ie, z score 5 21.9), or slightly decreased ADC values (0.58 1023 mm2/s) (ie, z score
,22).

C, Follow-up MR image obtained 6 months after onset shows left frontal sequelae in areas with initially decreased or normal ADC
values (2D time-of-flight source image used to illustrate MR sequelae). The patient had no clinical deficit.

cerebral edema (16). Vasogenic edema was initially
considered to be the type of edema predominating
in venous stroke (4). This was recently reinforced
by the diffusion-weighted imaging findings of a pa-
tient with venous stroke who underwent imaging 1
day after the onset of acute neurologic symptoms;
in the acute phase, ADC values were increased,
suggesting that vasogenic edema was predominant
(7). In our study, we also found large areas of in-
creased ADC values in five of the nine studied pa-
tients who underwent imaging within 4 days of the
onset of symptoms. As previously reported (7, 8),
this indicates impaired but viable tissue, because
these areas with initially increased ADC were free
of sequelae on the follow-up MR images.

It has recently been proposed that cytotoxic ede-
ma contributes to the cascade of pathologic events
in experimental (4, 13) and human (5) venous
stroke. A diffusion-weighted imaging study of
CVT in rats showed a 56% decline in ADC values
30 min after experimental CVT was induced (4).
In line with these experimental results, we ob-
served decreased ADC values in three patients with
acute venous stroke. In one of them, we observed
large areas of decreased ADC values that were
within the range of ADC values usually reported in
association with pure acute arterial stroke (1, 3);
however, differences exist between arterial and ve-
nous stroke. Previous studies of CVT have shown
cerebral blood flow reductions well below the
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threshold for cytotoxic edema formation (17, 18).
In the event of severe blood flow reduction in ar-
terial thrombosis, the tissue is rapidly and irrevers-
ibly damaged, resulting in ischemic cell necrosis.
In venous thrombosis, perfusion of the affected
brain tissue might still be possible at lower flow
rates, if the blood is drained through collateral
pathways (13). With such flow conditions, how-
ever, swollen cells might be functionally but not
irreversibly damaged and therefore have a potential
for recovery (19, 20). Thus, decreased ADC in ab-
normal brain areas associated with CVT might not
have the same prognostic value as those associated
with pure arterial stroke. As shown in this study,
brain areas with strongly decreased ADC values
can return to normal in cases of CVT. Conversely,
in a recent case study of human CVT, Manzione et
al (5) suggested that quantitative diffusion-weight-
ed imaging could be useful for establishing a
threshold for permanent neurologic injury and thus
help in selecting those patients who will benefit
from more aggressive management. Although it is
tempting to draw an analogy with arterial stroke,
the heterogeneous ADC pattern we observed in
most cases and the fact that ADC measurements
fail to predict sequelae on follow-up MR images in
some cases suggest that caution is needed in inter-
preting diffusion-weighted imaging/ADC changes
in brain lesions associated with CVT. Two poorly
controlled parameters can hinder ADC interpreta-
tion in cases of CVT: hemorrhagic transformation
in venous stroke and the time point for brain
damage.

Hemorrhagic areas were initially observed on the
CT scans of four patients. The ADC values in hem-
orrhagic areas have not been reported in this small
sample of patients because the susceptibility effects
due to blood products can hinder ADC calculations.
Because of the signal loss induced by blood prod-
ucts on strongly susceptibility-weighted MR se-
quences, such as echo-planar diffusion-weighted
imaging, ADC software may fail to compute ADC
values in hemorrhagic areas properly. In this study,
we distinguished hemorrhagic area as proven by
CT scan from nonhemorrhagic area. This dichoto-
my is somewhat arbitrary because CT and spin-
echo sequences are not optimal for the detection of
acute petechial hemorrhage. A T2-weighted gradi-
ent-echo sequence was not part of our imaging pro-
tocol but might well have displayed numerous pe-
techial hemorrhages in the areas that we considered
to be nonhemorrhagic.

The time at which brain damage occurred is the
second parameter that is crucial when interpreting
ADC changes. Unfortunately, the precise time
point of CVT is often unknown because the course
of the disease in humans can proceed over days and
weeks (4, 20, 21); however, all the patients in our
study experienced sudden onset of neurologic
symptoms, which most likely provides an approx-
imate indication of the onset of tissue infarction
and the occurrence of edema. The time point of

venous stroke is more precisely known in experi-
mental models of CVT (4). Cytotoxic edema has
been shown to be rapidly followed by vasogenic
edema, as witnessed by ADC values returning al-
most to normal within 48 hr in animal models (4).
Considering the uncertainty regarding the time
point of brain damage in human CVT, the simul-
taneous presence of both of these edematous com-
ponents is likely and might result in apparently nor-
mal ADC values, similar to those observed in all
except one of our patients.

Our method of ADC calculation has some pit-
falls: we used relatively small ROI to avoid partial
volume effect on ADC values; however, ADC val-
ues calculated on a pixel-by-pixel basis were av-
eraged over ROI of 45 mm2. This would mask local
ADC changes because ROI containing the same
amount of pixels of low and high ADC values
would result in normal averaged ADC. In addition,
we used ADC in the contralateral normal-appearing
brain matter as a reference for normal ADC values.
Consequently, ADC values measured in cortical,
subcortical, and white matter were pooled to obtain
normal ADC values. Ideally, ADC in abnormal
gray or white matter should be compared with that
of normal gray or white matter, respectively. When
positioning an ROI in a heterogeneous venous
stroke lesion, it is often impossible to distinguish
between cortical, subcortical, and white matter.

Conclusion
Several conclusions can be drawn from our re-

sults. The diffusion-weighted imaging/ADC pattern
of brain lesions associated with CVT is more het-
erogeneous than initially thought. Although in most
patients, this pattern differs markedly from that of
pure arterial stroke, extended homogeneous areas
of decreased ADC can be observed in the images
of recent brain lesions associated with CVT. In
terms of prognosis, nonhemorrhagic areas with ini-
tially increased or normal ADC have a good prog-
nosis and areas with initially decreased ADC values
can also be reversible.
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