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Objective: To investigate recanalisation in the first 12 months after cerebral venous thrombosis.
Methods: 33 consecutive patients presenting with cerebral venous thrombosis were enrolled in the
study. Diagnosis was made by magnetic resonance imaging (MRI) and magnetic resonance venogra-
phy (MRV) or catheter angiography. Patients were initially treated with intravenous heparin. Warfarin
was given for at least four months. Cerebral MRI and MRV were done at four months and repeated after
12 months if venous thrombosis persisted. Outcome was evaluated by the Rankin scale at 12 months.
Results: Outcome at 12 months was good, with a median modified Rankin scale score of 0 (range 0
to 2); 27 patients (82%) had no residual deficits. No patient suffered recurrent cerebral venous throm-
bosis, deep vein thrombosis, or pulmonary embolism during follow up. After four months, all deep cer-
ebral veins and cavernous sinuses, 94% of superior sagittal sinuses, 80% of straight sinuses, 73% of
jugular veins, 58% of transverse sinuses, and 41% of sigmoid sinuses had recanalised. No further
recanalisation was observed thereafter.
Conclusions: The results suggest that recanalisation only occurs within the first four months following
cerebral venous thrombosis and not thereafter, irrespective of oral anticoagulation.

Cerebral venous thrombosis is an infrequent disease that

mainly affects young to middle aged patients.1 2 Its

natural course varies from complete recovery to severe

neurological deficit or death.1–3 Most clinicians recommend

the administration of heparin early in the course of the

disease, because this has been shown to be moderately benefi-

cial compared with placebo.1 3 There is no consensus about the

duration of subsequent oral anticoagulant treatment.2

Digital subtraction angiography (DSA) is still the standard

of reference for the assessment of cerebral venous

thrombosis.4 However, combined magnetic resonance imaging

(MRI) and magnetic resonance venography (MRV) have

replaced carotid angiography in diagnostic work up of patients

with a suspicion of cerebral venous thrombosis because these

techniques are non-invasive and reliable, and also provide

information about the brain parenchyma.4

Our aim in the present study was to investigate the

recanalisation of cerebral venous thrombosis after four and 12

months of follow up, using cranial MRI and MRV.

METHODS
Consecutive patients with cerebral venous thrombosis diag-

nosed by MRI and MRV or DSA, without a previous history of

neurological disease, were prospectively included in the study.

All patients underwent brain imaging by computed tomogra-

phy (CT) or MRI. Every patient was treated with intravenous

heparin, followed by oral anticoagulation until the four month

follow up. The duration of subsequent anticoagulation was at

the discretion of the treating physician. Target international

normalised ratio was 2.5 (range 2 to 3) for all patients and for

the complete duration of warfarin treatment.

At the four months follow up all patients were examined by

MRI and MRV. At the 12 months follow up clinical outcome

was assessed by the modified Rankin scale.5 MRI and MRV

were only done at 12 months in patients who had residual

thrombosis of cerebral sinuses and veins at the four months

follow up.

The study was conducted according to local ethics

committee standards and the data were analysed without

patient identification.

Cerebral MRI, MRV, and carotid angiography
Cerebral MRI and cross sectional time of flight (TOF) MRV

studies were done on 1.5T magnetic resonance scanners. Sec-

tion thickness of cross sectional TOF MRV was 1.5 to 2 mm.

Selective intra-arterial digital subtraction angiography was

undertaken by a femoral artery approach in both internal

carotid arteries in seven patients, in both vertebral arteries in

six patients, and in one vertebral artery in one patient.

Magnetic resonance and carotid angiography studies were

reviewed retrospectively and independently at separate

reading sessions by two of the authors, who were not aware of

the ultrasound or clinical findings. Each cerebral vein or sinus

was graded as open or occluded.

Statistics
Lilliefors testing6 indicated that the magnetic resonance vari-

ables were not normally distributed at presentation. Thus

changes from values assessed at presentation were compared

by non-parametric analysis of variance according to Fried-

man, followed by post hoc testing according to Wilcoxon and

Wilcox in the case of overall significance. We used χ2 tests for

comparison of frequencies. Probability (p) values of less than

0.05 were considered significant.

RESULTS
Patients and neuroimaging studies
We enrolled 33 patients (22 women, 11 men), mean (SD) age

43 (15) years (range 21 to 77), with cerebral venous thrombo-

sis diagnosed by MRI and MRV (n = 26) or by carotid angio-

graphy (n = 7). Brain parenchyma was assessed by MRI in

eight cases, by CT in two, and by both CT and MRI in 23.

Neurological findings at presentation and after 12
months
The results are given in table 1. The most frequent neurologi-

cal signs and symptoms were headache followed by focal

signs, epileptic seizures, and impaired consciousness. After 12

months, 27 patients (82%) had no residual deficits, and the

median modified Rankin scale score was 0 (range 0 to 2).

Residual deficits consisted of aphasia in four cases and motor

hemiparesis in three. No patient suffered recurrent cerebral

venous thrombosis, deep vein thrombosis, or pulmonary
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embolism during follow up. No further epileptic seizures were

observed after discharge.

The median duration of oral anticoagulation was 12 months

(range 4 to 12). Twenty one patients were anticoagulated for

12 months, one for nine months, four for six to eight months,

and seven for four to five months. The median duration of

antiepileptic treatment was six months (range one to eight).

Sites of thrombosis at presentation and at four and 12
months on MRV and carotid angiography
These results are shown in table 2. In 15 patients, venous reca-

nalisation was incomplete after four months and also after 12

months. The length of warfarin administration was similar in

patients with complete recanalisation (mean (SD), 11 (3)

months; median 12, range five to 12) and in those with

incomplete recanalisation (mean (SD), 9 (3); median 12;

range four to 12) (p = 0.2).

The transverse sinus, sigmoid sinus, and superior sagittal

sinus were most frequently thrombosed (85%, 73%, and 48%,

respectively; table 2), whereas no deep middle cerebral veins or

basilar veins were obstructed. After four months all deep cer-

ebral veins and cavernous sinuses, 94% of superior sagittal

sinuses, 80% of straight sinuses, 73% of jugular veins, 58% of

transverse sinuses, and 41% of sigmoid sinuses had recanal-

ised. The differences in recanalisation rate were significant

when patients with thrombosis of the transverse sinus, supe-

rior sagittal sinus, straight sinus, sigmoid sinus, and jugular

vein were compared (p < 0.001, χ2 test), with superior sagittal

sinus and straight sinus thromboses recanalising significantly

more often than transverse sinus and sigmoid sinus thrombo-

ses (both p < 0.05). No further recanalisation was observed

after the four month follow up.

DISCUSSION
The optimal long term treatment of cerebral venous thrombo-

sis remains unclear, as no prospective randomised trials have

yet examined this issue. Some clinicians adhere to therapeutic

regimens used for the treatment of deep venous thrombosis.

This strategy may be inappropriate because mechanisms

underlying cerebral venous thrombosis and deep venous

thrombosis are probably different. First, cerebral veins and

sinuses have a continuous blood flow and no valves,4 whereas

venous flow in the limbs is not continuous but requires the

presence of valves and the activity of muscles. Second, cerebral

venous thrombosis is not precipitated by situations involving

immobilisation, such as surgery and travel, and may less often

be caused by known cancer than deep venous

thrombosis.1 2 7–10 Furthermore, even assuming that oral

anticoagulation is the treatment of choice for cerebral venous

thrombosis, the duration of treatment is another matter of

debate. It also remains unclear what parameters should be

used to evaluate the time period over which treatment is nec-

essary. One would assume that recanalisation should play an

important role in any decision about discontinuing oral anti-

coagulation, but no study has yet shown a clear cut association

between recanalisation and clinical outcome.
Outcome at 12 months was good, as only a mild residual

deficit was observed in 18% of the sample, and full recovery
occurred in 82%. This is in accordance with or slightly better
than the outcome in previous studies. The relatively small
sample size in the present study, together with the generally
good outcome, prevented us from evaluating the influence of
recanalisation on the clinical course.

Marked differences in recanalisation rate were evident
depending on the site of venous thrombosis. The highest reca-
nalisation rates were noted in the superior sagittal sinus
(94%) and the straight sinus (80%), while corresponding rates
in the transverse sinus and the sigmoid sinus were signifi-
cantly lower (57% and 41%, respectively). To the best of our
knowledge, recanalisation rates have not been systematically
examined in any previous studies. Although this result is
intriguing, various statistical problems reduce its validity:
first, the small number of patients examined; second,
correction for additional risk factors was not feasible, as more
than one cerebral vein was affected in most patients; and
third, it remains unclear how the coexistence of multiple
thrombosed cerebral veins affects recanalisation—for exam-
ple, whether an isolated thrombosis of a transverse sinus has
the same chance of recanalising as a thrombosis of the trans-
verse sinus associated with thromboses of the ipsilateral
sigmoid sinus and the superior sagittal sinus.

Cross sectional TOF MRV was chosen for evaluation of cer-
ebral venous recanalisation. This represents the standard
imaging technique for cerebral venous thrombosis, with a
good correlation with digital subtraction angiography.11 Cross
sectional TOF MRV is quite sensitive to slow flow, particularly

Table 1 Neurological findings at presentation and
after 12 months in 33 patients with cerebral venous
thrombosis

At presentation (n
(%))

At 12 months (n
(%))

Headache 32 (97) 0
Consciousness impaired 10 (32) 0

Confusion 4 (13) 0
Somnolence 5 (16) 0
Coma 1 (3) 0

Focal sign 17 (52) 6 (18)
Aphasia 5 (15) 4 (12)
Sensory deficit 10 (30) 0
Motor deficit 9 (27) 3 (9)
Hemianopia 1 (3) 0
Cranial nerve palsy 1 (3) 0

Epileptic seizure 15 (45) 0

Table 2 Site of sinovenous thrombosis at presentation and four and 12 months later in 33 patients with cerebral venous
thrombosis

At presentation (n (%)) At 4 months (n (%)) At 12 months (n (%)) p Value

Patients Vessels Patients Vessels Patients Vessels
Presentation
v 4 months

Presentation
v 12 months

4 months v
12 months

Superior sagittal sinus 16 (48) 16 (48) 1 (3) 1 (3) 1 (3) 1 (3) <0.001 <0.001 NS
Straight sinus 10 (30) 10 (30) 2 (6) 2 (6) 2 (6) 2 (6) <0.01 <0.01 NS
Transverse sinus 28 (85) 32 (48) 12 (36) 12 (18) 12 (36) 12 (18) <0.0001 <0.0001 NS
Sigmoid sinus 24 (73) 24 (36) 9 (27) 10 (15) 9 (27) 10 (15) <0.001 <0.001 NS
Great cerebral vein 3 (9) 3 (9) 0 0 0 0 NS NS NS
Internal cerebral vein 3 (9) 5 (8) 0 0 0 0 NS NS NS
Jugular vein 11 (33) 11 (17) 3 (9) 4 (6) 3 (9) 4 (6) <0.01 <0.01 NS
Cavernous sinus 2 (6) 3 (5) 0 0 0 0 NS NS NS
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when thin slices are used,12 as was the case in this study. Obvi-

ously, we cannot exclude the possibility that very slow venous

flow was misinterpreted as occlusion based on the MRV find-

ings. However, as the magnetic resonance technique used rep-

resents the current standard and the performance of digital

subtraction angiography would not be warranted or ethical,

our methodology represents the best approach feasible.

Our results suggest that recanalisation only occurs within

the first four months following cerebral venous thrombosis

and not thereafter, irrespective of oral anticoagulation. These

results could therefore provide some guidance on the

necessary duration of oral anticoagulation following cerebral

venous thrombosis, provided that recanalisation is accepted as

a valid marker for this issue.

Our study has several limitations. First, the number of

patients investigated was relatively small. However, cerebral

venous thrombosis is a rare disease, and the two prospective,

randomised, placebo controlled studies evaluating the efficacy

of heparin in cerebral venous thrombosis have included only

20 and 60 patients, respectively.1 3 Second, no placebo group

was used in the study because we did not consider the institu-

tion of a placebo arm to be ethical. Third, the duration of war-

farin administration after the four months follow up was left

to the discretion of the patient’s physician. However, the

length of warfarin treatment was similar in patients without

and with recanalisation of their cerebral venous thromboses,

suggesting that the warfarin did not affect the recanalisation

rate.

Conclusions
Our data suggest that recanalisation of cerebral venous

thrombosis in patients treated with warfarin is accomplished

within the first four months. Late recanalisation was not

observed in this study, irrespective of the use of oral

anticoagulants.
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