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BACKGROUND AND PURPOSE: Although rare, cerebral venous thrombosis (CVT) is being
diagnosed more frequently owing to improved imaging techniques. The venous infarcts caused
by CVT in 50% of patients are largely reversible and differ from arterial stroke. Our purpose
was to study the time-dependent changes of venous infarcts on MR images and to define the
variables that influence lesion volume in humans.

METHODS: MR images and venous angiograms were evaluated in 15 consecutive patients
with venous infarcts due to CVT of sinus, cortical, or internal veins. All patients were treated
with intravenous dose-adjusted heparin followed by oral anticoagulation for 12 months. Re-
duction of signal intensity changes on T1- and T2-weighted images was correlated to the degree
of recanalization, age, initial absolute lesion size, and hemorrhage.

RESULTS: Within the first 30 days, we found a significant correlation between the volume of
the lesion on T1-weighted images and recanalization. However, early recanalization did not
influence the final lesion volume after 12 months. Eleven patients showed complete resolution
of changes on T1- and T2-weighted images. Age of the patients influenced initial absolute
volume of brain damage.

CONCLUSION: In venous stroke, even large parenchymal changes can resolve completely
independent from recanalization of the thrombosed veins and sinuses. A plausible hypothesis
is that venous infarcts largely consist of a persistent edema and that the lesion volume is
influenced by the development of collateral veins. However, further investigations are necessary
to understand the underlying abnormal mechanisms.

Cerebral venous thrombosis (CVT) is a rare disease,
yet in recent years has been more frequently diag-
nosed owing to improved imaging techniques. In
about 50% of patients, CVT causes venous infarcts
(1). On the basis of clinical observation, however, this
brain damage seems to be largely reversible and dif-
fers from arterial stroke. The pathophysiologic char-
acteristics of venous stroke and edema are currently
not completely understood (2–4); also, to our knowl-
edge, systematic studies on the long-term develop-
ment of such lesions are not available.

In this study, we analyzed imaging data of 15 con-
secutive patients with venous infarcts due to cortical,
internal cerebral vein, or sinus thrombosis and a fol-
low-up of up to 23 months. Our aim was to study the
time-dependent changes of venous infarcts on MR

images and to define the variables that influence
lesion volume in humans.

Methods

Patients
The MR imaging data of 15 consecutive patients (14 women,

one man; mean age, 39 years; age range, 18–78 years) with CVT
and brain parenchymal damage were reviewed. Demographic
data of the patient cohort are summarized in the Table.

Initial diagnosis was confirmed by venous MR angiography
in 13 patients, digital subtraction angiography (DSA) in two
patients, CT angiography in two cases, and either combined
MR angiography and DSA or CT angiography and DSA in two
cases. At follow-up, all patients received an MR imaging ex-
amination that included MR angiography. The follow-up inter-
vals were defined as 30 days or less (median, 16 days; range,
2–30 days; 11 of 15 patients), 90–240 days (median, 180 days;
range, 90–240 days; ten patients), and more than 240 days
(median, 300 days; range, 270–690 days; eleven patients). All
patients were treated with intravenous weight-adjusted heparin
(partial thromboplastin time, 70–90 seconds) followed by oral
anticoagulation for up to 12 months.

Imaging
MR imaging and venous MR angiography were performed

with a 1.5T MR unit (Signa Horizon; GE Medical Systems,
Milwaukee, WI).
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The venous MR angiography protocol consisted of a spoiled
gradient-echo sequence (2D time of flight) with a section thick-
ness of 1.5 mm (flip angle 50°, band-width 15.63, FOV 26 cm)
and a caudal presaturation of arterial flow from the neck
arteries. Images were three-dimensionally reconstructed by us-
ing maximum intensity projection.

The T2-weighted imaging protocol comprised proton- and
T2-weighted turbo spin-echo sequences ([TR/TE/NEX] 4657/
15, 135/1; turbo factor, 8; sections, 20; acquisition time, 2.01
minutes). The T1-weighted imaging protocol comprised a
turbo spin-echo sequence (600/20/2, 20 sections).

The lesion size was determined by planimetration of the
respective area of the lesion on T2- and T1-weighted images
and multiplication of the measured area by section with the
respective section distance, by two independent and blinded
observers (S.T., T.G.). There was no intersection gap.

Total recanalization of dural sinuses was defined as a
reduction of luminal narrowing of less than 50% in all
initially thrombosed vessels, otherwise the MR angiographic
appearance was rated as not recanalized. Cortical vein throm-
boses were excluded from this part of the analysis, because
recanalization of cortical veins cannot be reliably assessed with
MR imaging.

Hemorrhage was diagnosed when the signal intensity on the
T1-weighted image was hyperintense.

Statistical Evaluation
The software tool ImageJ (National Institutes of Health)

was used for planimetration of the lesion volumes on T1- and
T2-weighted images. In addition to the measurement of abso-
lute lesion volumes, patients were dichotomized for the defined
follow-up intervals into a group with reduction of lesion volume
to less than 10% or to a group with 10% or greater of the lesion
volume on admission. Follow-up time was categorized as de-
fined above.

The associations of T1 and T2 lesion volumes, lesion volume
reduction, and hemorrhage with recanalization and age were
analyzed by using a Spearman rank correlation test. The rela-
tionships between time as a categorical variable and the num-
ber of patients with a residual lesion volume of 10% or greater,
or less than 10% of the initial size, as well as between time and
recanalization, were investigated by using a �2 test with Yates

correction. Lesion size was compared with a nonparametric U
test. A level of probability of P � .05 was considered significant.
Interobserver reliability of the volume measurements was in-
vestigated by the method of Bland and Altman. Agreement on
recanalization was examined by using the intraclass correlation
coefficient.

Results

Recanalization
The distribution of affected sinuses and veins is

summarized in the Table. The intraclass correlation
coefficient for agreement on total recanalization by
two blinded observers was good at 0.86 (95% confi-
dence interval [CI] 0.80–0.89, P � .001). After a
mean follow-up time of 291 days (median, 270 days;
range, 22–690 days), complete recanalization of dural

FIG 1. Time course of the T2 lesion volume reduction in the
individual patients.

Patient demographic data, affected sinuses and veins, and reduction of lesion volume at follow-up

Patient No./
Age (y)/Sex

Location of
Thrombosis

Recanalization
on First

Follow-up

Follow-up
Time
(mo)

Parenchymal
Damage Hemorrhage

Reduction of Lesion Volume (%)
Compared to Initial Study

T1-Weighted T2-Weighted

O1 O2 O3 O1 O2 O3

1/27/F Cortical veins – 9 Parietal No 100 100 100 100 100 100
2/44/F SSS, TS No 6 Frontoparietal Yes 82 100 – 29 100 –
3/43/F ST No 9 Occipital, cerebellar Yes 100 100 100 93 100 100
4/29/F SSS No 9 Frontal No – – 100 – – 100
5/18/F SSS, ST No 9 Occipital No – 100 100 – 100 100
6/56/F SSS, ST No 6 Cerebellar Yes 68 96 – 89 94 –
7/26/F Cortical veins – 8 Parietal No – 100 100 – 100 100
8/35/F SSS, ST No 10 Frontoparietal No 43 90 100 23 59 100
9/33/F SSS, ST, SS Yes �1 Frontal, occipital No 100 – – 100 – –

10/39/F ICV, SR Yes 4 Thalamus No – 100 – – 100 –
11/30/F ST Yes 11 Occipital, cerebellar No 100 100 100 100 100 100
12/37/F SSS, ST No 16 Temporal Yes 45 – 80 30 – 62
13/66/M SSS, ST, SS No 18 Parietal, occipital Yes 63 – 60 73 – 74
14/78/F ICV Yes 23 Basal ganglia No 50 100 100 64 100 100
15/29/F ST Yes 10 Cerebellar No 54 – 72 54 – 72

Note.—SSS indicates superior sagittal sinus; TS, transverse sinus; SS, sigmoid sinus; ICV, inner cerebral veins; SR, straight sinus; O1–3, observation
periods after initial MR imaging (O1, days 1–30; O2, days 90–240; O3, �240 days).
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sinuses was observed in seven patients (47%). Over
the three defined observation periods, recanalization
rates showed a nonsignificant trend to increase (P �
.223). Age had no significant influence on recanaliza-
tion rate.

Parenchymal Lesions
All parenchymal damages were located in the cor-

responding draining territories of the affected sinuses
or veins. In 11 patients (73%), complete resolution of
the initial signal intensity changes could be demon-
strated. The time course of the lesion volumes and
reduction respectively are summarized in the Table
and Fig 1. Examples are given in Figures 2–6. Mean
initial T1 lesion volume was 3.7 cm3 (median, 2.6 cm3;
range, 0.1–10.1 cm3). The 2-SD CI for T1 lesion
volume measurements by two independent observers
was �6.6 cm3. The number of patients with a residual
T1 lesion volume of less than 10% decreased signifi-
cantly over time (�2 � 7.118, P � .05) and was
associated with recanalization during the first 30 days
after admission (Spearman � � 0.82, P � .01),
whereas no correlation between late recanalization
and reduction of infarct volume was observed. Recan-
alization within the first 30 days significantly influ-
enced absolute lesion size during the first 30 days of
observation (Spearman � � 0.75, P � .05); however,
early recanalization was not predictive for the abso-

lute lesion size nor the number of patients with 10%
or less lesion size compared with admission beyond
240 days.

Mean initial T2 lesion volume was 15 cm3 (median,
7.8 cm3; range, 1.1–81.2 cm3). The 2-SD CI for T2
lesion volume measurements by two independent ob-
servers (S.T., T.G.) was �41.4 cm3. Within 30 days,
T2 lesion volume decreased by 75.9 � 29.3%, and
after 240 days by 89 � 24.7%. After more than 240
days, a reduction by 89.6 � 16.7% was observed.
However, contrary to the T1-weighted images, the
reduction in the number of patients with a residual
lesion volume of more than 10% during the observa-
tion periods was not significant. Neither initial abso-
lute lesion size nor the number of patients with a
residual lesion size of 10% or less compared with
admission showed a correlation with the degree of
recanalization, though the corresponding values
seemed to increase over time.

T1 lesions were significantly smaller (P � .01) and
resolved faster than T2 lesions: within 30 days, a
mean reduction of 89.1% was observed, and at up to
240 days a further reduction of 4.8% was observed.
After more than 240 days, 99% of the initial lesion
had vanished in this group.

In four patients, we found mild signs of hemorrhage
corresponding to hemorrhagic transformation in arte-
rial stroke; in one patient a hemorrhage of 3 cm in

FIG 2. Venous cerebellar infarct due to
transverse sinus thrombosis in a 56-year-
old woman with partial obstruction of the
superior sagittal sinus and partial thrombo-
sis of the transverse sinuses.

A and B, T2-weighted MR image (A) and
3D time-of-flight MR angiogram (B) ob-
tained on admission show the venous cer-
ebellar infarct and transverse sinus throm-
bosis, respectively.

C and D, Follow-up MR images obtained
after 6 months. Despite persistent partial
obstruction of the transverse sinus (D), near
complete resolution is noted of the volume
of the T2 lesion (C).
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diameter was present. Hemorrhage had no significantly
relevant effect on absolute lesion size on T1- or T2-
weighted images (Spearman � � 0.66, P � .05). Fur-
thermore, we found a significant inverse relationship
between hemorrhagic transformation and recanaliza-
tion within 30 days (Spearman � � �0.77, P � .05).

Age correlated with a large absolute initial lesion
volume on T2-weighted images (Spearman � � 0.78,
P � .01). It had no significantly relevant influence on
recanalization rate or resolution of lesions on T1- or
T2-weighted images.

Discussion

Recent case series of CVT report an excellent clin-
ical outcome despite venous infarcts (5–7). Further-
more, in clinical experience a dramatic reduction of
lesion size over time on imaging studies seems not to
be rare in CVT. This emphasizes that venous infarcts
are quite different from arterial stroke. However, so
far systematic studies on the time course of such
lesions are lacking.

In this study, we examined the time course of signal
intensity changes on MR images associated with
CVT, taking into consideration the degree of recan-
alization as well as the age of the patients and the fact
of hemorrhagic transformation to understand better

the pathophysiologic mechanisms of edema and in-
farction in patients with venous occlusion. After pho-
tochemical occlusion of cortical veins in a rat model,
Nakase and co-workers (3) observed a decrease of
regional cerebral blood flow (rCBF) followed by ir-
reversible brain damage in cases of reduction by 40%
of baseline or less. In line with these findings, in
perfusion-weighted MR imaging an increased mean
transit time was found in humans with acute CVT,
whereas cerebral blood volume was normal, indicat-
ing a reduction in rCBF (8). This might induce an
energy failure (9). However, a disruption of the
blood-brain barrier that results in vasogenic edema
and hemorrhagic transformation due to increased ve-
nous pressure is frequently discussed as an etiologic
factor for the development of venous infarcts (1).

These widely accepted pathophysiologic explana-
tions imply that brain edema in CVT is closely related
to a reduced venous drainage. It may be expected that
its resolution directly depends on the restitution of
flow in the thrombosed sinus.

In our study, however, recanalization was found to
be correlated with a reduction of signal intensity
changes on T1-weighted MR images only during the
first 30 days. For T2-weighted MR images, a compa-
rable trend could be observed, without significance,
however. The recanalization rate found in this study

FIG 3. Venous temporal infarct in a 37-
year-old woman.

A and B, T2-weighted MR image (A) and
3D time-of-flight MR angiogram (B) ob-
tained on admission show a venous infarct
in the temporal lobe due to thrombosis of
the transverse sinus. Thrombosis of the su-
perior sagittal sinus caused no infarct.

C–E, Follow-up MR images obtained after
12 months show that despite persistent oc-
clusion of the transverse sinus (D and E)
and only partial recanalization of the su-
perior sagittal sinus, the volume of the
venous infarct decreased substantially (C)
at follow-up.
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(47%) complies with rates found by others (5, 10, 11).
Bosch and co-workers (6), however, concluded from a
study of 12 patients with CVT that lesions on T2-
weighted MR images persist for as long as 6 months
independently from recanalization. Regarding the in-

terobserver agreement on recanalization of dural si-
nuses, our results comply with previously published
data with use of a similar method (11).

Further reasons may exist for brain parenchymal
changes, which are independent from impaired ve-

FIG 4. Venous infarct in the temporo-oc-
cipital region in a 43-year-old woman.

A and B, T2-weighted MR image (A) and
3D time-of-flight MR angiogram (B) ob-
tained on admission. The MR angiogram
shows a thrombosis of the transverse sinus.

C and D, Follow-up MR images obtained
after 3 months show total resolution of the
parenchymal lesion (C) despite persistent
occlusion of the transverse sinus (D).

FIG 5. Venous infarct due to cortical vein thrombosis in a 27-year-old woman.
A, T2-weighted MR image obtained on admission shows the venous infarct due to cortical vein thrombosis.
B, Conventional angiography on admission shows a right parietal cortical vein thrombosis.
C, Follow-up T2-weighted MR image obtained after 3 months shows total resolution of the initial lesion. In this case, no analysis

regarding recanalization was performed.
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nous outflow and would explain the possibility of
complete resolution despite persistent sinus
occlusion.

Whether hemorrhage influences the size of MR
imaging changes has not yet been examined. Hemor-
rhagic transformation coincided with large initial le-
sion size on the T2-weighted images and persistent
venous occlusion. This supports the hypothesis of a
high venous and capillary pressure with leakage of
blood in the brain parenchyma as an underlying ab-
normal mechanism (12).

In the rat, age increases the rate and size of venous
infarcts suggesting a greater vulnerability of the aged
brain (13). In accordance with these experimental
findings, we observed a significant relationship be-
tween age and early T2 lesion volume, but no associ-
ation with the recanalization rate.

In experimental sinus thrombosis, only the propa-
gation of the thrombus into cortical veins resulted in
venous infarctions (14, 15). In humans, the lack of
correlation between the site and extent of dural sinus
thrombosis with the size of brain lesions and the clear
relationship with cortical and medullary vein throm-
bosis on the other hand supports this hypothesis (16).

By means of T1-weighted images, the thrombus
itself can be identified (17) and signs of hemor-
rhage can be assessed (2). But systematic examina-
tions have not yet been reported. Corresponding to
our results, in a rabbit model of cortical vein liga-
tion, venous infarcts have been found smaller on
T1- than on corresponding T2-weighted images

(18). In the acute phase, hyperintense-appearing
lesions seem to change to iso- or hypointense in the
chronic phase (19).

In the context of veno-occlusive disease, hyperin-
tensities on T2-weighted images usually represent re-
versible edema (1, 20). In a study of 12 patients,
Forbes and co-workers (21) found a peak in signal
intensity on T2-weighted images approximately 2 days
after symptom onset. In our patients, the initial size of
signal intensity change on T2-weighted images re-
duced to 24% within the first 30 days; on day 240,
signal intensity reduction was nearly completed.

Whereas changes on T2-weighted images do not
enable distinction between areas with cellular damage
and the surrounding edematous region (22), on dif-
fusion-weighted (DW) MR images the change is
thought to represent cytotoxic brain edema. In the
few DW imaging studies of human CVT, diminished
as well as elevated apparent diffusion coefficients
(ADCs) have been reported (23), possibly indicating
an early cytotoxic edema closely followed by vaso-
genic edema (4, 22). However, whether a specific
threshold of ADC decrease exists for permanent neu-
rologic injury is uncertain (2, 9, 24). Our own findings
and previous literature reports indicate that signal
intensity changes on T1-, T2-, and diffusion-weighted
MR images cannot be simply extrapolated from arte-
rial stroke.

In arterial infarction, large initial changes on T2-
weighted images and diffusion disorders correspond
quite well with final infarct volume (25), and they are

FIG 6. Hemorrhagic venous infarct due to
thrombosis of the superior sagittal sinus in a
66-year-old man.

A and B, T2-weighted MR image (A) and
MR angiogram (B) show a parenchymal le-
sion due to a superior sagittal sinus throm-
bosis. The patient also had a second infarct
(not shown).

C and D, Follow-up MR images show
recanalization of the superior sagittal si-
nus (D) and decrease of total lesion vol-
ume by 74% (C).
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associated with permanent parenchymal injury. In
contrast, as demonstrated in our study, complete res-
titution of T1 and T2 abnormalities in venous stroke
is frequent. One explanation is that vasogenic edema
seems to be predominant in venous stroke. Slight
decrease of ADC values contrasts with the clear ADC
decrease usually observed in the acute phase of arte-
rial infarction, possibly indicating a missing extensive
cytotoxic edema being responsible for the good out-
come of venous stroke (26).

Vasogenic edema appears earlier in CVJ (1 hour)
than in arterial infarction (4–6 hours) (4), and cor-
responding T2 changes decrease slower than in arte-
rial stroke (22). Further investigations are necessary
to understand the dynamics and to answer the ques-
tion as to whether the same thresholds for functional
and structural impairment concerning perfusion exist
for both types of stroke. Other protective mechanisms
in veno-occlusive stroke, such as creation of new col-
lateral pathways and neovascularizations, should be
taken into account.

Our study has limitations, above all the relatively
small number of patients. Nevertheless, it emphasizes
the fact that even large parenchymal changes can
resolve completely independent from recanalization
of the thrombosed veins and sinuses. Further exper-
imental studies are necessary to investigate this phe-
nomenon, considering the indication of thrombolytic
or antithrombotic drugs.

Conclusion
In venous stroke, even large parenchymal changes

can resolve completely independent from recanaliza-
tion of the thrombosed veins and sinuses. A plausible
hypothesis is that venous infarcts largely consist of
persistent edema and that the lesion volume is influ-
enced by development of collateral veins. However,
further investigations are necessary to understand the
underlying abnormal mechanisms.
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