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Parenchymal Abnormalities Associated with
Cerebral Venous Sinus Thrombosis: Assessment

with Diffusion-Weighted MR Imaging

Mark E. Mullins, P. Ellen Grant, Bing Wang, R. Gilberto Gonzalez, and Pamela W. Schaefer

BACKGROUND AND PURPOSE: The common entity cerebral venous sinus thrombosis is
associated with the poorly characterized imaging finding of parenchymal abnormalities; diffu-
sion-weighted imaging has offered some insight into these manifestations. We assessed the
relationship between the diffusion constant from apparent diffusion coefficient (ADC) maps in
patients with cerebral venous thrombosis (CVT) with follow-up imaging findings and clinical
outcome.

METHODS: We evaluated the medical records and T2-weighted MR images of 13 patients
with CVT complicated by intraparenchymal abnormality. Diffusion-weighted (DW) images and
ADC maps were evaluated for increased, decreased, or unchanged signal intensity and were
compared with signal intensity of contralateral, normal-appearing brain. In addition, ADCs
were obtained in nine pixel regions of interest in abnormal regions in eight of the 13 patients.

RESULTS: Eight patients had superficial CVT, and five had superficial and deep CVT. CVT
of deep veins was associated with deep gray nucleus and deep white matter abnormalities,
whereas superficial CVT was associated with cortical and subcortical abnormalities. Twenty-
four nonhemorrhagic lesions were identified in 10 of 13 patients on the basis of follow-up
imaging findings. Four patients without seizures had lesions with decreased diffusion that
appeared hyperintense on follow-up T2-weighted images, three patients with seizures had
lesions with decreased diffusion that resolved, and seven patients had lesions with increased
diffusion that resolved. Three of 10 patients had more than one lesion type. No difference was
noted in mean ADCs for lesions with decreased diffusion that resolved compared with lesions
with decreased diffusion that persisted.

CONCLUSION: DW imaging in these patients disclosed three lesion types: lesions with
elevated diffusion that resolved, consistent with vasogenic edema; lesions with low diffusion that
persisted, consistent with cytotoxic edema in patients without seizure activity; and lesions with
low diffusion that resolved in patients with seizure activity. This information may be important
in prospectively determining severity of irreversible injury and in patient treatment.

The conventional MR imaging findings of cerebral
venous sinus thrombosis (CVT) have been well char-
acterized (1–7). The predominant findings are mass
effect in most patients; hyperintense parenchymal ab-
normalities on a T2-weighted image that involve gray
matter, white matter, or both in approximately 50–
60% of patients and intraparenchymal hematoma in

approximately 35–40% (8, 9). Although some T2 hy-
perintense parenchymal abnormalities resolve, others
persist and indicate permanent tissue injury. Lesion
distribution does not differentiate between these two
lesion types.

The pathophysiology of CVT remains unclear (1,
10–19). Both vasogenic and cytotoxic edema are
thought to occur in the setting of CVT (20). Increased
venous pressure may cause breakdown of the blood-
brain barrier and vasogenic edema or may cause re-
duced cerebral blood flow and cytotoxic edema (20).

Unlike conventional MR images, diffusion-
weighted (DW) MR images can differentiate between
vasogenic and cytotoxic edema (21). DW images are
sensitive chiefly to the molecular diffusion of water
molecules (21, 22). Cytotoxic edema is characterized
by markedly decreased diffusion (21). Vasogenic
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edema, with increased interstitial water, demon-
strates increased diffusion (21). A few reports have
addressed DW imaging findings in CVT in animals
(23) and in humans (7, 24–27). Lesions with elevated,
unchanged, or decreased apparent diffusion coeffi-
cients (ADCs) have been identified in the early pe-
riod, but information concerning the follow-up of
these lesions is limited (20, 26, 27).

We sought to characterize parenchymal changes
associated with CVT with DW imaging and to deter-
mine whether this technique could differentiate le-
sions that would resolve from those that would lead to
permanent injury. More specifically, the purpose of
this investigation was to compare the diffusion con-
stant from ADC maps of lesions detected on T2-
weighted and fluid-attenuated inversion-recovery
(FLAIR) images in patients with CVT with follow-up
imaging findings and clinical outcome.

Methods

Patient Selection
We retrospectively queried the radiology reports of brain

CT and MR imaging examinations performed from 1994
through 1999 by using the keywords venous, sinus, thrombosis,
infarct, and stroke by use of commercially available radiology
information system software (Folio; Camberly Systems, Bos-
ton, MA). Inclusion criteria for subsequent analysis were avail-
ability of T2-weighted images and DW images with ADC maps,
presence of hyperintense parenchymal lesions on T2-weighted
images, and a final discharge diagnosis of CVT. Clinical histo-
ries, treatment, discharge diagnoses, and neurologic assess-
ment at discharge were obtained from written and electronic
records, including discharge summaries.

Imaging
MR imaging was performed with a 1.5-T whole-body system

(Signa; GE Medical Systems, Milwaukee, WI) with an echo-
planar retrofit (Advanced NMR Systems, Wilmington, MA).

DW images were obtained by using single-shot, spin-echo
echo-planar imaging with sampling of the entire diffusion ten-
sor with six nonlinear directions. Six high-b-value images cor-
responding to the six nonlinear directions were acquired fol-
lowed by a single low-b-value image. The high b value was 1221
mm2/s, and the low b value was 3 mm2/s. Imaging parameters
included 6000/118 (TR/TE), a field of view (FOV) of 40 � 20
cm, image matrix of 256 � 128 pixels, section thickness of 6 mm
with 1-mm gap, 20 axial sections, and three signal averages.
Isotropic DW images were generated off-line on a network
workstation (Sparcstation 20; Sun Microsystems, Milpitas,
CA). ADC maps were also generated. This methodology has
been previously described in detail (28, 29).

T1-weighted sagittal images were acquired with 650/16,
20-cm FOV, an acquisition matrix of 256 � 192 pixels, section
thickness of 5 mm with a 1-mm gap, and one signal average.

FLAIR axial MR images were obtained with 10,002/141/
2200 (TR/TE/TI), 24-cm FOV, acquisition matrix of 256 � 192
pixels, section thickness of 5 mm with a 1-mm gap, and one
signal average.

Fast spin-echo T2-weighted MR axial images were obtained
with 4200/102, 20-cm FOV, acquisition matrix of 256 � 256
pixels, section thickness of 5 mm with a 1-mm gap, and one
signal average.

Follow-up Imaging
Cerebral imaging after the initial imaging, including CT

combined with CT venography and MR imaging with or with-
out MR venography or contrast material, was considered in the
evaluation of lesion evolution. All subsequent cerebral images
were evaluated. In the absence of follow-up MR images, lesion
persistence or resolution was estimated by using follow-up CT
images (one patient). Not all patients underwent follow-up
imaging.

Image Analysis
All images were reviewed by two radiologists (P.W.S.)

certified by the American Board of Radiology (one of whom
has a certificate of added qualification in neuroradiology) and
one neuroradiologist.

DW images and ADC maps were inspected visually, and
signal intensity was assessed as increased, decreased, or un-
changed in comparison to that of the contralateral, normal-
appearing brain.

In addition, ADC values were obtained in nine pixel (nine
pixels were measured encompassing 4.69 � 4.69 mm in plane)
regions of interest in abnormal regions in eight of the 13
patients. Regions of interest were placed by two of us (B.W.
and P.W.S.), in the region of greatest differential signal
intensity based on a subjective visual evaluation. ADC values
were not universally available due to the retrospective na-
ture of the study.

A Student t test was used, and P values �.05 were consid-
ered statistically significant.

Results
Thirteen patients met the inclusion criteria and

were identified with CVT and gray or white matter
lesions. At least one follow-up MR image was avail-
able in nine patients. One patient (patient 5) under-
went only nonenhanced brain CT combined with CT
venography at follow-up, and three patients had no
follow-up imaging. Patient demographic and treat-
ment data are presented in Table 1. There were five
male and eight female patients with a mean age of 39
years. The most common presenting symptoms were
headache (11 patients), extremity weakness (eight pa-
tients), altered mental status (five patients), and
speech changes (four patients). Four patients had
seizure activity immediately before or at the time of
presentation for diagnostic imaging; seizure activity in
these patients was thought to be related to their
presentation, evaluation, and imaging as determined
by the neurology staff caring for them. All received
intravenous anticoagulation with heparin. Two pa-
tients received intravenous thrombolysis with uroki-
nase. The first MR image was obtained at a mean of
4 days after admission. A follow-up MR image was
obtained in nine patients, at a mean of 27 days.
Discharge diagnostic CVT causes were brain metas-
tases, tuberculous mastoiditis, hypercoagulability
(factor V Leiden and systemic lupus erythmatosus),
hyperviscosity (due to dehydration or cyanosis), and
choriocarcinoma of the appendix. Causes were not
identified in four patients.

Imaging data are presented in Table 2. Most pa-
tients had more than one lesion. Eight patients had
superficial CVT, and five patients had both superfi-
cial and deep CVT. CVT of the deep veins was asso-
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ciated with deep gray nuclei and deep white matter
abnormalities, whereas superficial CVT was associ-
ated with cortical and subcortical abnormalities. Ten
patients had follow-up imaging. Four of these pa-
tients had five lesions with decreased diffusion that
resulted in T2 hyperintensity within the region on
follow-up examination (Fig 1). Two lesions were in a
superficial CVT distribution, and three were in a
deep CVT distribution. Three patients who had re-
cent seizure activity had 10 lesions with decreased
diffusion that had resolved on follow-up images (Fig
2). Six lesions were in a superficial CVT distribution,
and four were in a deep CVT distribution. Seven
patients had 10 lesions with elevated diffusion that
resolved on follow-up images (Fig 3). Five lesions
were in a superficial CVT distribution, and five were
in a deep CVT distribution. Three patients had mul-
tiple lesion types (Fig 4).

Ten patients had follow-up imaging, nine with MR
images and one with a CT scan only. Three patients
had no follow-up imaging. Three patients had lesions
(six total) with decreased diffusion in a superficial
distribution. One patient had two lesions with ele-
vated diffusion in a superficial distribution.

Four patients had four hemorrhagic lesions on
their initial DW images (Table 2). Two were in a
superficial distribution and two were in a deep CVT
distribution. The hemorrhage was hypointense on T2-

weighted images, consistent with deoxyhemoglobin,
and ADC values were not calculated in these regions
because of susceptibility effects (30). In all four pa-
tients, the hemorrhage was thought to be secondary
to venous sinus thrombosis rather than anticoagula-
tion since it was identified on MR images before the
administration of heparin.

ADC values for eight of the patients are listed in
Table 2. The mean ADC value for lesions with low
values that resolved was 0.500 � 0.065 � 10�3 mm2/s,
whereas the mean ADC value for lesions with low val-
ues that persisted was 0.391 � 0.13 � 10�3 mm2/s.
These values were not statistically significantly different
(P � .05). The mean ADC value for lesions with high
values that resolved was 1.16 � 0.30 � 10�3 mm2/s.

By the time of discharge (Table 1), two of the
patients had died, two had complete resolution of
symptoms, seven improved without complete resolu-
tion of symptoms (most frequently weakness), one
was stable without significant improvement in symp-
toms, and one patient’s final neurologic clinical
records were unavailable and no discharge summary
was dictated.

Discussion
We found that DW imaging, in combination with

the clinical history (i.e., seizure), may be useful in

FIG 1. Patient 12. A 43-year-old
woman with headache, blurred vision,
and mental status change.

A, T2-weighted axial MR image shows
bilateral centrum semiovale hyperintense
foci (arrows).

B, On axial echo-planar DW image, the
lesions (arrows) are hyperintense.

C, On axial ADC map, the lesions (ar-
rows) are hypointense.

D, Follow-up axial CT scan shows low-
attenuation foci (arrows), corresponding
to the abnormalities on initial MR images,
that are consistent with infarct.
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differentiating parenchymal lesions that resolve from
those that progress to permanent injury in the setting
of acute CVT. In our retrospective cohort, lesions
with elevated diffusion resolved, lesions with de-
creased diffusion resolved when the patient had sei-
zures, and lesions with decreased diffusion in the
absence of clinical seizure demonstrated abnormality
on follow-up images. All three lesion types were as-
sociated with both superficial and deep CVT and
involvement of gray and white matter structures. The
ADC values were similar between the lesions with low
ADC values that resolved and the lesions with low
ADC values that persisted.

On conventional CT and MR images, radiologic
signs of CVT stroke include hydrocephalus, T2 hy-
perintense parenchymal abnormalities, and intrapa-
renchymal hematoma (27). The T2 hyperintense pa-
renchymal abnormalities may represent vasogenic
edema, cytotoxic edema, or both. Unlike conven-
tional FLAIR and T2-weighted imaging, DW imaging
can distinguish between vasogenic and cytotoxic
edema (21). As cytotoxic edema due to acute stroke
develops, ADC values decrease (21). The current

predominant theory to describe this phenomenon in-
volves loss of ionic gradients with net translocation of
water from the extracellular to the intracellular space
where water movement is more restricted (21). Cyto-
toxic edema produces hyperintensity on DW images
and hypointensity on ADC images. In contrast, vaso-
genic edema leads to increased water in the extracel-
lular space where water is less restricted and is char-
acterized by ADC values that are increased compared
with those of normal brain tissue (21). Because DW
images have both T2 and diffusion components, va-
sogenic edema may appear hypointense, isointense,
or slightly hyperintense on DW images, but it always
produces hyperintensity on ADC images.

Ten lesions characterized by elevated diffusion that
showed essentially no abnormality on follow-up images
were identified. These lesions likely represented vaso-
genic edema that is produced in CVT owing to in-
creased pressure in the postcapillary venules and open-
ing of tight junctions. The development of reversible
vasogenic edema with elevated diffusion due to in-
creased intravascular pressure and the development

FIG 2. Patient 9. A 31-year-old man
with mental status changes and seizure
activity.

A, T2-weighted axial MR image shows
bilateral frontal and right parietal hyperin-
tense foci (arrows).

B, On axial DW image, the lesions (ar-
rows) are hyperintense.

C, On axial ADC map, the lesions (ar-
rows) are hypointense.

D, Follow-up T2-weighted axial MR im-
age shows no abnormality in the bilateral
frontal and right parietal regions (arrows),
consistent with interval resolution of the
previous abnormalities.
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of leaky vessels has also been observed with eclampsia
and other posterior leukoencephalopathies (4, 31).

Lesions characterized by decreased diffusion that
showed no abnormality on follow-up images were
identified in three patients with seizure activity, pos-
sibly due to cytotoxic edema. Of note, the patients’
imaging findings were location-appropriate for the
venous thrombosis, seizure activity, and symptoms.
The ADC values in these lesions were similar to the
ADC values in lesions with initially decreased ADC
that persisted. The decreased ADC values in these
patients may have resulted from the seizure activity.
Animal and human studies have demonstrated de-
creased ADC values in cortical and white matter
lesions in subjects with status epilepticus (32). The
reported ADC values were not significantly different
from those reported with acute stroke (21). The
pathophysiology for decreased ADCs in epilepsy is
not completely clear. Wang et al (33) reported an
increase in sodium concentration in rat pyriform cor-
tex during status epilepticus. They suggested that this
might result from energy failure of the Na�/K�-

ATPase pump, and consequent Na� and water influx.
Markedly increased release of excitatory amino acids
(34, 35) and increased membrane ion permeability
(36) are other mechanisms that may cause cytotoxic
edema during status epilepticus. Whatever the mech-
anisms, reversible decreased diffusion in patients with
seizures has been reported (37).

Alternatively, reversibility of ADC values in these
three patients could have been unrelated to the sei-
zures. Based on an animal model of CVT in rats,
Rother et al (23) noted that an initially decreased
ADC was followed by an increased ADC in some
parenchymal lesions. Furthermore, there was an ini-
tial increase in lesion volume up to 5 hours followed
by a decrease in lesion volume up to 48 hours. They
hypothesize that the major pathophysiologic event in
the first 1–2 hours is cytotoxic edema. Cytotoxic
edema is produced in CVT when increased venous
pressure leads to increased intracranial pressure,
decreased capillary perfusion pressure, and severely
decreased cerebral blood flow. The resultant blood-
brain barrier disruption leads to increased extracellu-

FIG 3. Patient 4. A 25-year-old woman
with headache and left-sided weakness.

A, FLAIR axial MR image shows a right
parietal T2 hyperintense focus (arrow).

B, On axial echo-planar DW image, the
lesion (arrow) is slightly hyperintense.

C, On axial ADC map, the lesion (arrow)
is hyperintense.

D, Follow-up FLAIR axial MR image
shows no abnormality, consistent with in-
terval resolution of the previous
abnormality.
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lar water, rising ADC values, and increasing lesion
volumes. Subsequently, recanalization of thrombosed
veins or improvement of collateral drainage and re-
covering metabolism lead to a decrease in lesion vol-
ume (23). Thus, while cytotoxic edema associated
with acute arterial stroke is usually irreversible, cyto-
toxic edema associated with CVT (38) may be revers-
ible if the blood drains through collateral pathways
(26). Furthermore, in the setting of cytotoxic edema
associated with acute stroke, reversibility of DW im-
aging abnormalities has been demonstrated in the
setting of early reperfusion (39).

Five lesions characterized by decreased diffusion
that showed abnormality on follow-up images were
identified. These lesions likely represented persistent
cytotoxic edema followed by tissue infarction. In
these cases, there was likely severely decreased blood
flow without enough collateral blood drainage to
maintain adequate perfusion. While Manzione et al
(25) suggested that there may be quantitative differ-
ences in ADC values between tissue that progresses
to infarction and tissue that remains viable in CVT,
we were not able to demonstrate differences between
tissue with an initially decreased ADC that appeared
abnormal on follow-up images compared with tissue

with an initially decreased ADC that appeared nor-
mal on follow-up images. Although there are differ-
ences between the pathophysiologies, and perhaps
the DW imaging results of arterial and venous infarct,
it seems prudent to discuss the potentially relevant
arterial infarct literature. In arterial stroke, whereas
some studies suggest a threshold ADC ratio of ap-
proximately 0.8 (unitless; ipsilateral abnormal-ap-
pearing brain ADC divided by contralateral normal-
appearing brain ADC), other studies demonstrate
tissue characterized by ADC ratios of much lower
than 0.8 that appears normal on follow-up (40). Au-
thors of these arterial studies suggest that ADC nor-
malization associated with tissue viability depends on
the duration and severity of ischemia rather than the
absolute value. It has been shown that degree of ADC
decrease in arterial infarct correlates with degree of
cerebral blood flow decrease (41), and that the cere-
bral blood flow threshold for tissue viability increases
with increasing occlusion time (42).

Because initial DW images in combination with the
history of seizure can suggest lesion outcome on fol-
low-up images, we speculate that they may be impor-
tant in determining patient outcome. Although we
did not compare diffusion MR imaging findings with

FIG 4. Patient 5. A 24-year-old woman
with headache and left-sided sensory
loss.

A, T2-weighted axial MR image shows
central (arrowhead) and peripheral (arrow)
right thalamic T2 hyperintense foci.

B, On axil echo-planar DW image, the
central lesion (arrowhead) is hyperintense
and the peripheral lesion is isointense
(arrow).

C, On axial ADC map, the lesions are
hypointense (arrowhead) and hyperin-
tense (arrow), respectively.

D, Follow-up CT scan shows central
right thalamic infarct (arrowhead) and no
abnormality in the peripheral region
(arrow).
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outcome scales, we did observe the following. Two
patients without seizures (patients 1 and 12) who had
multiple lesions characterized by decreased diffusion,
died. Three patients without seizures (patients 8, 10,
and 11) with lesions characterized by elevated diffu-
sion and decreased diffusion, had persistent deficits.
Four patients (patients 3, 4, 7, and 13) with elevated
diffusion with or without hemorrhage in cortex or
subcortical white matter, had complete or near com-
plete resolution of symptoms on follow-up. Two pa-
tients (patients 2 and 9) with decreased diffusion in
subcortical white matter and seizures had complete or
near complete resolution of symptoms. One patient
with seizures (patient 6) who had lesions with both
elevated and decreased diffusion had resolution of
symptoms.

Our study has limitations. Patients without T2 or
ADC abnormalities at initial imaging were not in-
cluded in the retrospective cohort, and the potential
exclusion of patients with initial normal examinations
and subsequent adverse outcome could theoretically
introduce selection bias. However, we are not aware
of any patients who developed subsequent abnormal-
ities as described in the retrospective cohort despite
an initial normal examination. The small size of the
patient retrospective cohort may introduce bias. Fur-
thermore, routine clinical management including de-
cisions on timing of imaging studies, was not altered
for the purposes of this investigation. Thus, time of
initial and follow-up imaging was variable, and fol-
low-up imaging included CT or MR imaging. Infarcts
are known to undergo evolution of signal intensity
that may become normal appearing with some se-
quences (fogging), and imaging during these periods
could have theoretically introduced bias; however,
not all sequences are typically normal during fogging,
and we evaluated all follow-up images available to
reduce these potential biases. Follow-up images were
not available for three patients, and in one patient
only CT follow-up was available; potential bias could
be introduced in this manner by selection and/or by
comparing MR to CT results. We have attempted to
minimize this potential bias. Images were not coreg-
istered. In complex cases, where regions of decreased
and increased diffusion were adjacent to each other,
it is possible that our assessment of lesion outcome
was not completely accurate. For example, portions
of lesions with elevated diffusion may have pro-
gressed to infarction, while portions of lesions with
decreased diffusion in patients without seizures may
have resolved. Due to the retrospective nature of the
study, we were unable to assess clinical outcome
scales. T2* (susceptibility) sequences were not uni-
versally performed at the time of the patients’ imag-
ing. Petechial hemorrhage and subsequent resultant
susceptibility effect could adversely affect ADC cal-
culations; however, we believe that this is not a large
weakness as we did not measure ADC values in re-
gions of hemorrhage identified through all conven-
tional sequences, DW imaging, ADC, and low-
b-value maps, when available. Furthermore, the ADC
values would potentially be decreased and possibly

noncalculable, which are findings that were not
observed.

Conclusion

DW MR imaging in combination with clinical
history of seizure identified three parenchymal le-
sion types in patients with CVT: lesions with ele-
vated diffusion, most consistent with vasogenic
edema, that resolved; lesions with low diffusion,
most consistent with cytotoxic edema in patients
without seizure activity, that persisted; and lesions
with low diffusion in patients with seizure activity,
that resolved. This information may be important
in prospectively determining the severity of irre-
versible injury, in the evaluation of new therapeutic
agents, in the determination of prognosis, and in
patient management.
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