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Epidemiology

Cerebral venous thrombosis (CVT) is a less common form of
stroke. In the largest published prospective multinational
cohort of patients with CVT—the International Study on
Cerebral Vein and Dural Sinus Thrombosis (ISCVT),1 the
proportion of females was 75% and the median age at the
thrombotic event was in the fourth decade of life. Other
cohorts, from all over the world, found similar trends,2 with
most adults with CVT being aged 20 to 50 years and less than
10% older than 65 years.3 Importantly, the female predomi-
nance is restricted to the fertile age, as it is not seen in
pediatric cohorts or in elderly patients.4 The most accurate
estimates concerning incidence of CVT come from high-
income countries, where two studies conducted with this
aim indicated an overall prevalence of 13 to 16 cases per
million per year.5 Also, a recent retrospective cohort study
from theUnited States reported an incidencebetween 14 and
20 cases per million population (20–27 cases per million in
females).6 Of note, this study also described an increase in
incidence over time in older females and males, and a higher
incidence rate in black Americans.

Clinical and Imaging Manifestations

Knowledge on the presentation and prognosis of CVT was
very much improved in the last two decades due to the more

widespread availability of noninvasive diagnostic techniques
and the publication of thefirst large cohort studies. CVT has a
more varied clinical presentation than other stroke types and
may be difficult to recognize, which may contribute to
underdiagnosis.7 The clinical onset is more often subacute,
but an acute presentation (<48hours) is also observed in
about one-third of cases and a more chronic course is also
possible, although it is less frequent.1 Symptoms and signs of
CVT can be grouped in presenting syndromes, of which the
most common are isolated intracranial hypertension syn-
drome, focal syndrome, and encephalopathy.7

The spectrum of parenchymal damage due to intracranial
venous thrombosis includes a wide range of manifestations,
from mild vasogenic edema to extensive parenchymal hem-
orrhage. Parenchymal brain lesions in CVT are often classi-
fied as nonhemorrhagic and hemorrhagic.8 These changes
are better depicted in magnetic resonance imaging (MRI),
which has increased sensitivity for the identification of
parenchymal changes, especially the nonhemorrhagic, and
also allows distinction between vasogenic and cytotoxic
edema. In the ISCVT cohort, 64% of patients had parenchymal
changes on computed tomography or MR.1 About half of the
cases have a hemorrhagic component that often expands to
the cortical surface, which may help in differentiating from
the typical localization of parenchymal hypertensive bleeds.
Juxtacortical flame-shaped lobar hemorrhages in the para-
sagittal frontal and parietal lobes, between the superficial
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Abstract Thrombosis of the cerebral veins and sinuses (CVT) is a distinct cerebrovascular
disorder that, unlike arterial stroke, most often affects children and young adults,
especially women. In this review, we will summarize recent advances on the knowledge
of patients with CVT.
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and deep venous drainage systems, were described as a very
specific finding in patients with CVT, particularly those with
superior sagittal sinus thrombosis.9 The Brush sign, an MRI
finding previously described in patients with ischemic
stroke, can also be found in patients with CVT, in whom it
is associatedwith ipsilateral parenchymal brain lesion, larger
extent of thrombosis, and more severe clinical presenta-
tion.10 It corresponds to an abnormally accentuated hypo-
intensity of the subependymal and medullary veins that can
be seen in paramagnetic sensitive sequences (T2� or suscep-
tibility-weighted imaging) and is a likely marker of hypo-
perfusion and increased collateral circulation.

Pathophysiology of Brain Damage

Despite the progress made in the last years, significant
evidence gaps persist in the understanding of the patho-
physiology of brain damage and the mechanisms underlying
the benefit of the available treatment strategies. Although
there are several anecdotal reports of tissue recovery after
recanalization, particularly following endovascular treat-
ment, the association between early venous recanalization
and tissue fate was not established until recently. In a
prospective cohort study of patients treated with anticoa-
gulation, we found that patients with persistent venous
occlusion by day8 after startingof anticoagulation treatment
weremore likely to have early worsening of nonhemorrhagic
brain lesions.11 Importantly, patients achieving venous re-
canalization within the first week of therapeutic anticoagu-
lation had a higher chance to show early regression of the
nonhemorrhagic parenchymal lesions, comparing with
patients with persistent occlusion. Besides suggesting that
vessel recanalization is relevant for the evolution of brain
damage, this finding raises the hypothesis that anticoagula-
tion-induced early partial recanalization contributes to the
clinical improvement often seen in these patients just a few
days after treatment start. Contrary to what is described in
ischemic stroke, lesions showing diffusion restriction were
fully reversible in most cases, particularly in patients achiev-
ing early venous recanalization.11 This suggests that, in CVT,
what was thought to represent cytotoxic edema can still
represent viable brain tissue, and may imply that a longer
time window for treatment options exists in CVT, even in
patients showing the so-called venous infarction.

Risk Factors

The temporal profile of risk factors is a crucial feature because
persistent predisposing conditions usuallyhave specific impli-
cations on the long-term risk of recurrent venous thrombotic
events. Therefore, risk factors are usually classified in perma-
nent/nonmodifiable, such as genetic thrombophilia, and pre-
cipitant/transient, such as pregnancy or infection.12

CVT mostly affects young women, as the most common
risk factors are female-specific, particularly pregnancy and
hormonal contraception. Currently, oral contraceptives are
the most frequent risk factor for CVT in women in Western
countries.1 The overall risk of CVT associatedwith use of oral

contraceptives was estimated to be seven times that of
nonusers.13 However, the risk will be particularly high
among those who carry other risk factors, such as obesity
or hereditary thrombophilias.14,15 In fact, multiple risk
factors are found in about half of patients.1 With regard to
pregnancy and puerperium, the risk of any venous thrombo-
sis was estimated to be increased by 4- to 5-fold during
pregnancy and by 22-fold during the first 6 weeks after
delivery, compared with non-pregnant women.16,17 Like for
other venous thrombotic events, the risk of pregnancy-
related CVT is higher in third trimester and puerperium,
especially in the first 6 weeks postpartum, as confirmed by a
recent case–control study conducted in high-income coun-
tries.18Anemia and obesity havebeen also added to the list of
risk factors for CVT over the past few years.15,19 Recently,
there has been increased attention on the possible increased
risk of CVT in patients with SARS-CoV-2 infection, as de-
scribed for other thrombotic complications.20 Although the
number of cases described so far is small21 underdiagnosis is
likely, especially in patients with severe COVID-19. Further
studies are warranted to confirm whether SARS-CoV-2 in-
fection is a new risk factor for CVT.

With regard to the so-called permanent risk factors, the
most common predisposing conditions are genetic prothrom-
botic disorders.1 Several publications fromdifferent regions of
the world demonstrated that inherited thrombophilia
increases the risk of CVT, especially in children.22 Acquired
prothrombotic disorders are also found in a significant pro-
portion of CVT cases, such as antiphospholipid syndrome (6–
17% of cases12). Of note, there are several reports of CVT as a
presentingmanifestation of this syndrome.23 Cancer has been
confirmed to be a powerful risk factor for the development of
CVT, as the risk was estimated to be increased fivefold in
patients with history of cancer.24 However, in patients with
hematological neoplasms, the risk of CVT can be particularly
increased, especially in the first year after diagnosis, with an
estimated odds ratio for CVTof 86, according to a recent case–
control study.23 Some specific forms of hematological cancer
are more often associated with CVT, namely acute lympho-
blastic leukemia25 and polycythemia vera.26 Specific hemo-
therapeutic agents, such as L-asparaginase, and other
iatrogenic factors, such as lumbar punctures for intrathecal
therapy, can also precipitate CVT. Several inflammatory con-
ditions are also associated with increased risk of CVT. Behçet
disease, is often complicated by CVT, with an estimated
incidence of 3 cases per 1,000 person-years,27 corresponding
to approximately 200 times the risk in the general population.
In about 30% of these cases, CVT occurs in patients without a
previous diagnosis of Behçet disease.27

Although themost common risk factors for CVT correspond
to systemic disturbances, local conditions have also an estab-
lished association with CVT, including head trauma,28 neuro-
surgical procedures,29 and infections, especially of the head
andneck.30Currently, these risk factors contribute to a smaller
proportion of cases, despite considerable geographical varia-
tions in prevalence. Infectious causes, in particular, have
substantiallydeclinedand septicCVT isuncommonnowadays,
as a result of early treatment with antibiotics. Still, in
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contemporarymultinational cohorts, infectionwas associated
with 8 to 11% of cases of CVT.12No underlying etiology or risk
factor for CVT is found in approximately 15% of adult patients.1

Venous Recanalization

Considering data from previously published cohorts that
included more than 800 patients treated with anticoagula-
tion, a polled proportion of 85% of cases showed recanaliza-
tion of at least one of the thrombosed vessels during follow-
up (95% confidence interval [CI], 80–89; I2¼58%).31 Howev-
er, the methods and time points for evaluation varied across
studies and there was significant heterogeneity in the
results.31 To assess whether venous recanalization could
occur earlier, even in patients treated only with anticoagu-
lation, at what could be a more critical time window for the
association with imaging and clinical outcomes, we have
recently conducted a prospective study in which we were
able to show that recanalization starts early in patients
receiving therapeutic anticoagulation, as three quarters of
patients had no persistent venous occlusion at day 8.11

However, venous recanalization progresses with time, and
complete recanalizationwas only reached in about half of the
patients at 90 days. Younger age was a predictor of early
recanalization and there was a trend to an increased rate of
early recanalization in patients showing the susceptibility
vessel sign at admission.11 Although an association between
persistent venous occlusion and worse functional outcome
was found in the meta-analysis of previous cohort studies,31

that was not confirmed in this prospective cohort studywith
serial imaging at specific time points.11 Even so, the most
severe presentations tended to be underrepresented and the
sample size was likely to be unpowered to detect an associa-
tion with long-term functional outcome, in a disease that
most often has a favorable prognosis, as measured by the
Rankin scale. Lack of complete recanalization was not a
predictor of persistent headache.11

Treatment

The European guidelines on the management of CVT have
been updated in 2017.32 However, the quality of evidence
was classified as low or very low for most of the recom-
mendations, as they are mostly based on data from observa-
tional studies. Therapeutic anticoagulation is the standard
treatment in CVT. The recommended antithrombotic treat-
ment in the acute phase is heparin, either intravenous non-
fractionated heparin or subcutaneous low-molecular-weight
heparin (LMWH). Two trials,33,34 their meta-analysis,35 and
one observational study36 showed a trend in favor of LMWH
in mortality and functional outcomes. However, these stud-
ies had several methodological limitations, reducing the
confidence on the conclusions.

Based on the hypothesis that rapid venous recanalization
can prevent further deterioration and improve prognosis in
severe CVT, use of endovascular treatment has been reported
since the1980s inhundredsofcase reports andcase series. The
main endovascular approaches for the treatment of CVT are an

intravascular chemical thrombolytic, mechanical thrombec-
tomy, or the combined approach, using both techniques. A
2017 systematic review of case series with at least three cases
treatedwith endovascular treatment included 235 patients.37

In this analysis, the authors found a mortality of 14% among
patients receiving endovascular treatment, worsening or new
intracranial hemorrhage in 9%, and complete recovery in 35%.
Patients selected to the interventionweremostly severe cases,
with40%havingencephalopathyor coma. The rate ofcomplete
recanalizationwas 69%. A more recent systematic review that
included 393patients found that the combination ofmechani-
cal thrombectomywith local thrombolysis, when consistently
performed across the cohort, tended to be associated with
better outcomes.38However, without a control group, no firm
conclusions on the efficacyand safetyof thrombectomycan be
inferred from these analyses. Still, an evaluation of the United
States Nationwide Inpatient Sample between 2004 and 2014
estimated that approximately 3% of all CVT patients received
endovascular treatment (1,248 patients).39 There was high
heterogeneity in the used techniques and no informationwas
availableon the recanalization rate.Due to thevery lowquality
ofavailable evidence, theEuropeanguidelinesdonotmakeany
recommendation, and suggest not using endovascular treat-
ment in acute CVT patients with a pretreatment low risk of
poor outcome.32 Recently, the neutral results of the first
randomized comparison of adjunctive EVT versus standard
treatment with anticoagulation have further increased the
uncertaintyontheeffectivenessof this intervention inpatients
with severe CVT.40 The TO-ACT trial included patients having
at least a predictor of poor outcome and decisions regarding
the protocol for the endovascular interventionwere left to the
treating interventionalist. The trial was terminated prema-
turely for futility, after inclusion of 67 patients, and no differ-
ence in clinical outcomewasdetectedbetween those allocated
to anticoagulation only or adjunctive endovascular treatment
(modified Rankin’s scale of 0–1 in 67% vs. 68% patients, in the
intervention and standard treatment arm, respectively). Per-
foration of sinus or cortical vein was reported in 3 three cases
(9%), although this was not associated with symptomatic
bleeding.40 Further research on the pathophysiology of brain
lesions, prognostic markers, and intervention techniques di-
rected to the venous system should contribute to improve
patient selection, as well as the safety and efficacy of these
neuro vascular interventions in CVT.

Herniation due to unilateral mass effect is themajor cause
of death in CVT.41 Although the evidence for the use of
decompressive surgery in CVT comes from uncontrolled
studies, it consistently suggests patients with impending
brain herniation are best treated with decompressive sur-
gery. Particularly, several single-center series and one mul-
ticenter registry and systematic reviewof individual patients
showed that decompressive surgery is lifesaving and often
results in good functional outcome.42–44 A prospective reg-
ister of decompressive surgery in CVT (DECOMPRESS-2) that
included more than 100 patients has been recently finished
and results are expected soon.

Treatment of the associated conditions/risk factors and
management of symptoms and complications is also an
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important part of the management of patients with CVT.
Acute symptomatic seizures are a common manifestation,
occurring in about one-third of patients.45 Late seizures
occur in 11% of patients, especially in patients with intracra-
nial bleeding, acute symptomatic seizures, or who under-
went decompressive hemicraniectomy.46

Long-Term Management

After the initial period of parenteral anticoagulation, oral
anticoagulants should be started, unless there is a specific
contraindication. Recently, an exploratory randomized con-
trolled trial (RE-SPECT CVT) comparing the efficacy and
safety of dabigatran 150mg, bid, versus dose-adjusted war-
farin (INR 2–3) during 6 months, was completed, after
allocating 60 CVT patients to each treatment arm.47 Oral
anticoagulation was started 5 to 15 days after the beginning
of parenteral anticoagulation, in clinically stable patients.
The risk of recurrent venous thrombotic events was low in
both arms, with similar rates of bleeding, suggesting that
both dabigatran and warfarin may be safe and effective for
preventing recurrent thrombotic events in patients with
CVT. There is an ongoing open-label phase II trial assessing
the safety of rivaroxaban compared with heparin with sub-
sequent transition to warfarin or continued LMWH, in
patients with CVT (SECRET trial NCT03178864). Contrary
to the previous trial, oral anticoagulation can be started in
the acute phase, instead of parenteral anticoagulation. The
EINSTEIN Junior study is also evaluating the efficacy and
safety of rivaroxaban in children with venous thrombosis,
including CVT (NCT02234843).

Based on the largest cohorts studies with long-term
follow-up, the risk of recurrent events in patients with
previous CVT is estimated to be around 2 events per 100
patient-years for recurrent CVT and approximately 4 events
per 100 patient-years for noncerebral venous thrombosis,2,48

with most events occurring after anticoagulant therapy
withdrawal. Importantly, the rate of recurrence seems to
persist with time, as demonstrated in a long-term French
cohort study including 187 patients, inwhich 18% of patients
had a recurrent thrombotic event in the 10 years that
followed CVT.49 In adults, risk factors for recurrence of
CVT are male gender, myeloproliferative diseases (polycy-
themia vera or essential thrombocythemia), prior venous
thrombotic events, and severe thrombophilia.50–52

Oral anticoagulation after the acute phase of CVT contrib-
utes to the prevention of further venous thrombotic events,
including recurrence of CVT. However, there have been no
randomized controlled trials or prospective controlled stud-
ies assessing optimal duration of oral anticoagulation in this
setting.32 Thefirst trial that addresses this question (EXtend-
ing Oral Anticoagulant treatment after acute Cerebral Vein
Thrombosis, EXCOA-CVT) is currentlyongoing.53Meanwhile,
oral anticoagulation is usuallymaintained for 3 to 12months
after acute CVT.32 In patients with genetic or acquired
prothrombotic conditions (e.g., antithrombin deficiency,
antiphospholipid syndrome, and active cancer) at high risk
of recurrent venous thrombosis, or with history of prior

venous thrombotic events, lifelong anticoagulation should be
considered.30

Future health conditions associated with increased risk of
recurrent thrombotic events should also be a concern. As
CVT is more common in women at fertile age and thrombo-
embolism is a leading cause of maternal mortality, safety of
future pregnancies is a common question in clinical practice
in patients with history of CVT. Specifically, besides counsel-
ing, a decision has to be made on whether to offer antith-
rombotic prophylaxis or not during pregnancy and/or
puerperium. The currently available evidence, which was
substantially increased in the last years by new follow-up
studies54 and systematic reviews,55,56 supports medical
counseling in favor of not contraindicating future pregnancy
in women with previous CVT, although they should be
informed on the increased risks.32 Also, in women with a
history of CVT, heparin prophylaxis was associated with
lower rates of pregnancy-related recurrent thrombotic
events and a significantly lower risk of miscarriage.54–56

Prognosis

Overall, death or dependence occurs in approximately 15% of
patients, despite medical treatment.1 However, mortality
rates above 30% have been reported in case series of patients
with severe CVT admitted to an intensive care unit,57,58

mostly due to large herniating brain lesions.
The clinical course of CVT is unpredictable in the first days

after diagnosis, and about one quarter of patients deteriorate
in the acute phase.1 Among the surviving patients, approxi-
mately 6 to 10% have severe and permanent disability.1

Predictors of poor outcome include older age, male sex,
coma, mental status disorder, intracerebral hemorrhage,
thrombosis of the deepvenous system, infection of the central
nervous system, cancer, and hyperglycemia at admission.1,59

In recent years, there was increasing interest in the subtle
consequences of CVT in patients with apparently full recov-
ery. Even though approximately 80% of patients recover from
CVT without physical disability, many of these patients
experience residual chronic symptoms. About half of
patients report headache during follow-up, and severe head-
aches that require bed rest or hospital admission persist in
14% of patients.1 More than half of survivors of CVT report
subtle neuropsychological difficulties or depression. These
complaints are often associated with a negative effect on
employment status, and 20 to 40% of patients are unable to
return to their prior working life.60
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