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Summary. The cerebral venous system is an unusual site
of thrombosis, with a particularly high incidence in
young adults. This incidence has increased in past dec-
ades because of the improvement of neuroradiological
techniques. Risk factors for cerebral venous sinus throm-
bosis overlap with those of other venous thromboem-
bolism sites; however, some are specific for this
particular anatomical district. Prognosis is favorable in
most cases if diagnosis is made rapidly and treatment is
promptly initiated, even if acute complications or
chronic invalidity still occur in a quarter of patients.
The mainstay of treatment is anticoagulation, which is
necessary in order to block clot propagation and obtain
recanalization. Intracranial bleeding does not contraindi-
cate anticoagulation. Endovascular procedures are
reserved for patients with a particularly severe presenta-
tion or rapidly declining neurological symptoms despite
appropriate anticoagulation, although data from clinical
trials are lacking. Specifically, this review addresses the
epidemiology, clinical presentation and course, risk fac-
tors, and treatment of cerebral venous sinus thrombosis,
with a special focus on the pediatric population.

Keywords: anticoagulants; cerebral hemorrhage; intracranial
thrombosis; low-molecular-weight heparin; sinus thrombosis;
venous thromboembolism.

Anatomy

The cerebral venous system can be divided into two
major compartments considering the anatomic and func-
tional characteristics of the blood vessels: the cerebral
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veins and the dural venous sinuses (Fig. 1). Considering
the topographic distribution, a superficial and a deep sys-
tem can be distinguished. The superficial system drains
blood from the cerebral cortex mainly into the superior
sagittal sinus, which in turn drains into the transverse
sinuses. The deep system drains blood from the deep
white matter and the basal ganglia to the inferior sagittal
sinus, that continues into the straight sinus and then into
the transverse sinuses. From the transverse and the
straight sinuses blood flows out of the sigmoid sinuses,
passing through the sinus confluence (torcular Herophili),
and finally into the internal jugular veins. Many anasto-
moses exist between the cerebral veins from the fetal per-
iod onwards. The dural venous sinuses are delimited by
the superficial (periosteal) and the deep (meningeal) layer
of the dura mater and their walls are composed of only
the dura mater layer lined with endothelium, hence lack-
ing the tunica media. Additionally, these sinuses lack
valves. Dural venous sinuses drain blood from the cere-
bral veins and the cerebrospinal fluid from the subarach-
noid space, via the arachnoid Pacchionian granulations,
which are present particularly in the superior sagittal
sinus. The classic anatomy varies considerably among
individuals and the knowledge of such variations is essen-
tial for a correct interpretation of radiological images.
The most frequent anatomic variants are: asymmetries of
transverse sinuses, observed in nearly 50% of patients;
hypo-/aplasia of all or part of the transverse sinuses,
observed in nearly 20% of patients; and less frequently
hypo-/aplasia of the frontal part of the superior sagittal
sinus [1].

Pathophysiology

The formation of a thrombus in the cerebral venous cir-
culation leads to an increase in the hydrostatic pressure in
the veins and capillaries upstream of the occlusion. How-
ever, because of the anastomotic circuit of the cerebral
venous system, the increased venous pressure is usually
compensated to some extent. If the increase in the venous
pressure overcomes the compensation capacity the follow-
ing can occur: blood-brain barrier disruption, extravasa-
tion of fluids into the cerebral parenchyma and
consequent localized edema. Furthermore, if the venous
pressure exceeds the arterial pressure, a reduction of
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Fig. 1. Anatomy of the cerebral venous system.

arterial flow and consequent arterial ischemia can occur
and, if not adequately treated, it may progress to hemor-
rhagic infarction [2]. A peculiar characteristic that distin-
guishes vasogenic (due to venous occlusion) from
cytotoxic (due to arterial occlusion) edema, is that in the
former the perfusion pressure is not usually reduced and
therefore irreversible brain tissue damage is unlikely.
Indeed, in venous stroke a resolution of thrombi and a
favorable prognosis are more likely than in arterial
stroke. The peculiarity of venous occlusion is the reduc-
tion of cerebrospinal fluid reabsorption, by reducing
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cerebrospinal fluid access to the arachnoidal Pacchionian
granulations, leading to intracranial hypertension [3]. This
scenario is more frequent with superior sagittal sinus
occlusion (where arachnoidal Pacchionian granulations
are present), but can also occur in the occlusion of other
sinuses.

Epidemiology

Cerebral venous sinus thrombosis (CVST) is a rare mani-
festation of thrombosis with an incidence that varies
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between studies. In adults, the annual incidence of CVST
is two to five cases per million individuals [3.,4], but it is
likely to be underestimated because of the lack of well-
designed epidemiological studies. Two recent studies in
the Netherlands and southern Australia found a higher
incidence than previously reported of 13.2 and 15.7
annual cases per million, respectively [5,6]. The high
prevalence of infection-related CVST can result in even
higher figures in others countries (18% in Pakistan), but
the exact incidence among different ethnic groups is pend-
ing investigation [7-9]. At variance with arterial stroke
that is more prevalent in the elderly, CVST typically
affects young adults with a mean age of 35 years and is
more common in women than in men (2.2:1) because of
sex-specific risk factors [10]. The superior sagittal and the
transverses are the most frequently involved sinuses (60%
of patients), followed by the internal jugular and cortical
veins (20%). In almost two-thirds of patients CVST
involves more than one sinus.

Epidemiology in children and neonates

The annual incidence of CVST in the pediatric population
is approximately seven cases per million and is higher in
neonates than in children [11-14]. The sex ratio seems
balanced because of the absence of sex-specific risk fac-
tors [12]. Similarly to adults, the superficial sinuses are
the most frequently involved (particularly the superior
sagittal and the transverse sinuses) and the transverse
sinuses are more frequently involved in children older
than 2 years of age (60% vs. 39%) [11,15].

Clinical presentation

Because symptoms of CVST are variable and aspecific,
diagnosis is often delayed to a median period of 7 days
from the onset of clinical manifestations [16]. The Inter-
national Study on Cerebral Venous and Dural Sinus
Thrombosis (ISCVT), which included 624 patients,
described the following as the most common presenting
symptoms: headache (88.8%), seizures (39.3%), paresis
(37.2%), papilledema (28.3%) and mental status changes
(22%) [16].

Headache is usually the first symptom at onset of
CVST. In only 10% of cases does the headache have a
thunderclap outbreak, mimicking a subarachnoid hemor-
rhage [17]. Because of its aspecific nature, physicians must
have a high suspicion of CVST when dealing with a new
onset and progressively increasing intensity of headache,
which is the only presenting symptom in about 32% of
patients [17]. The location of the headache is not informa-
tive as it does not correlate with the thrombosis site. The
absence of headache is typical of elderly patients, espe-
cially men [18], and in those with cortical vein thrombosis
who have normal cerebrospinal fluid homeostasis. The
pathophysiologic mechanism of headache in CVST is the

increase in intracranial pressure due to reduced cere-
brospinal fluid reabsorption. For this reason, the intensity
of the headache typically increases when patients lie down
and after the Valsalva maneuver. For reasons not yet
fully understood, headache is more common in patients
with CVST than in those with arterial stroke (25% of
cases) [19].

Seizures are focal in one quarter of patients, in another
quarter they begin as focal and then generalize and in the
remaining half, seizures are generalized ab initio[20]. Sei-
zures are more frequent in patients with CVST than in
those with arterial stroke (2-9%) [20], perhaps as a conse-
quence of the accumulation of catabolic products due to
venous stasis.

Focal neurological deficits such as paresis, dysarthria
and aphasia are due to localized damage in the cerebral
cortex, secondary to a venous infarction. Focal deficits
are more frequent in patients with thrombosis of the
superficial system with involvement of the parasagittal
cortex, where the motor and sensory areas are located.

Papilledema is the consequence of intracranial hyper-
tension and can cause diplopia and visual loss. Patients
with thrombosis of the cavernous sinuses may also
develop proptosis, orbital pain, chemosis and ophthalmo-
plegia secondary to a palsy of the oculomotor (III), tro-
chlear (IV) and abducens (VI) cranial nerves.

Mental status changes such as amnesia, mutism, confu-
sion or delirium are seen in patients with thrombosis of
the deep system, particularly those with large venous
infarctions or bilateral edema of the basal ganglia and
thalami. The most severe cases can have a rapid neuro-
logical deterioration, leading to coma and death.

Clinical presentation in children and neonates

In children, symptoms at onset are even more aspecific
than in adults and are frequently attributable to more
common diseases such as infections or dehydration, mak-
ing the suspicion and diagnosis of CVST particularly dif-
ficult. In general, symptoms in children are the same as in
adults, but generalized neurological deficits are more
common and seizures are more frequent in neonates [11].

Diagnosis

When CVST is suspected in adults the first-line imaging
technique is unenhanced computed tomography (CT)
scan; this allows for the ruling out of brain tumors,
abscesses or arterial stroke. In the acute phase, CVST is
seen in unenhanced CT scans as a hyperdense signal in
the vessel lumen, that becomes iso- and then hypodense
after the first week. Depending on the location of CVST,
two specific radiological signs are described: the ‘dense
triangle sign” when thrombosis is located in the superior
sagittal sinus, and the ‘dense cord sign’ when located in a
cortical or deep vein [3] (Fig. 2A). However, such signs
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are rarely described (considering that the unenhanced CT
scan has a low sensitivity), resulting positive in only 30%
of patients with CVST [21]. The addition of contrast
agent increases the sensitivity to 99% for sinus thrombo-
sis and 88% for vein thrombosis, figures similar to those
obtained with magnetic resonance imaging (MRI) [22,23].
In the presence of the contrast agent, a specific radiologi-
cal sign is the ‘empty delta sign’, a filling defect in the
middle of the venous lumen with a peripheral enhance-
ment (Fig. 2B). Advantages of CT scanning are the avail-
ability in emergency and the ability to show the presence
of local complications associated with CVST, such as sub-
arachnoid or intraparenchymal hemorrhage or cerebral
edema. Disadvantages are the exposure to ionizing radia-
tion and the need for contrast agent to increase the accu-
racy. Currently, MRI is the reference standard imaging
technique for diagnosis of CVST, despite the fact that
exact sensitivity and specificity are not known because of
the lack of proper comparative studies with catheter
angiography. Catheter angiography was the historical ref-
erence standard technique, which today, due to its inva-
siveness, is reserved for patients with an inconclusive CT
scan and MRI or for candidates undergoing endovascular
procedures [24,25]. Maximum accuracy is obtained with
the combination of classic MRI sequences, which are able
to show the thrombus, together with venography, which
can show reduction or absence of flow and therefore dis-
tinguish hypoplastic sinuses, partial sinus occlusion,
thrombosis of cortical cerebral veins, or filling defects due
to hyperplastic arachnoid granulations (Fig. 3) [26]. The
advantages of MRI are the absence of both radiation
exposure and intravenous contrast agent, and the ability
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to establish the age of the clot. Finally, when D-dimer is
high it increases the likelihood of deep vein thrombosis of
the lower limbs or pulmonary embolism; it has been
investigated in several studies as a predictive factor for
CVST, but has consistently shown a low sensitivity and
specificity [27]. Despite this, the ESO guidelines suggest
measuring D-dimer before neuroimaging in patients with
suspected CVST, except in those with isolated headache
and in the case of prolonged duration of symptoms (i.e.
> 1 week). The quality of evidence is low and the strength
of recommendation is weak [28].

Diagnosis in children and neonates

In children, imaging techniques for diagnosis are the same
as in adults, whereas in neonates the first choice is the
transfontanellar doppler ultrasound, which has the advan-
tage of being extensively available and non-invasive,
albeit strongly operator dependent. In the case of incon-
clusive results and a persistent clinical suspicion of CVST,
enhanced CT scan and MRI must be performed.

Prognosis

For a long time CVST has been considered a life-threa-
tening condition, but the case fatality rate has decreased
proportionally over time, from more than 50% to 5-10%
[29]. Increased clinical awareness, the advancement of
neuroimaging techniques and the improvement in thera-
peutic management have enabled earlier diagnosis and
identification of less severe cases, ensuring a better prog-
nosis. However, data on clinical outcome stem from

Fig. 2. Superior sagittal sinus thrombosis on computed tomography (CT) scan. (A) Unenhanced CT scan showing the dense triangle sign (ar-
row) and a peri-thrombotic frontal hemorrhagic suffusion (dashed arrow). (B) Enhanced CT scan showing the empty delta sign (arrow) of the

superior sagittal sinus.
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Fig. 3. Cerebral sinus vein thrombosis on magnetic resonance imaging (MRI) sequences. (A) Fluid attenuated inversion recovery axial sequence
showing absence of flow-void in the right sigmoid sinus (arrow). (B) Sagittal contrast enhanced T1-weighted sequence showing a partial occlu-
sion of the right sigmoid sinus (arrow). (C) Three-dimensional reconstruction of the cerebral venous system showing the absence of flow in the

right transverse and sigmoid sinuses and right internal jugular vein.

studies with small sample sizes, which suffer from
methodological heterogeneity and are usually referred for
follow-up visits for up to only 12 months. The clinical
course of the acute phase is unpredictable and in approxi-
mately 5% of patients intracranial hemorrhage followed
by herniation, seizures, pulmonary embolism or severe
comorbidity can be fatal [16,30,31]. A minority of
patients with CVST (15-20%), have different degrees of
permanent disability or die [16,32]. A meta-analysis
reported an overall mortality of 9.4% (122 deaths among
1303 patients), although the causes of death during fol-
low-up were mainly related to concomitant diseases (e.g.
cancer) rather than to CVST itself [30,33]. The majority
of patients who recover completely achieve relative inde-
pendence, usually expressed as between 0 and 2 on the
modified Rankin Scale (mRS), although mild residual
symptoms, such as headache, motor deficits, linguistic dif-
ficulties, and impaired vision or cognition, often remain
[16,34-36]. Only 5-10% of patients who survive the acute
phase remain moderately or severely dependent (mRS 3
or 4) [16,34]; however, this proportion increases up to
34% in those with massive CVST [37].

Recanalization

To date, few studies with small sample sizes have investi-
gated the recanalization rate of CVST. Differences in the
definition of recanalization and time of evaluation across
studies make it difficult to pool data and to provide
homogenous results. With these limitations, the rate of
recanalization (complete or partial) is around 85%, rang-
ing between 73% and 93% [30,38]. Almost 50% of cases
achieve a complete recanalization after a median time of

6 months. Recanalization occurs mainly in the first
months after CVST and is a dynamic process continuing
for up to 12 months, whereas recanalization after 1 year
is rare [30,38,39]. A late recanalization has been described
in patients with CVST, occurring during hormonal treat-
ment [39]. Controversial and limited data are available
regarding the influence of the degree of recanalization on
functional outcome [40,41]. One study reported a greater
chance of good functional outcome associated with com-
plete recanalization [38], whereas others did not confirm
this finding [39,42]. A recent large study including 508
patients showed a high recanalization rate at 3 months
after CVST (81%) and an independent association
between recanalization and a favorable neurological out-
come [43].

Recurrence rate

Data on recurrent venous thrombosis derive mainly from
studies with small sample sizes and retrospective design,
underpowered to detect potential risk factors for recur-
rence. The overall incidence of recurrent venous thrombo-
sis within the first year after a first episode of CVST is
estimated at around 4 per 100 patient-years (p-y) [44];
that of recurrent CVST is 0.5% to 2.2% p-y and that of
recurrent deep vein thrombosis of the lower limbs and/or
pulmonary embolism is 1.1% to 5.0% p-y [16,44-47].
Notably, male sex is associated with a 7-fold increased
risk of recurrence [44,46]. Cohort studies on long-term
evaluation of the risk of recurrent thrombosis after anti-
coagulant therapy discontinuation showed higher figures
in the first period (5.0% p-y, 2.6% p-y and 1.7% p-y in
the first, third and tenth year after discontinuation,
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respectively) for an overall risk of 2 to 3.5 per 100 p-y
[46,47].

Prognosis in children and neonates

The mortality rate varies from 5% to 10% and increases
up to 25% in newborns [48]. Few studies have investi-
gated the clinical outcome of neonates and children who
survive the acute phase of CVST and no data on their
subsequent neurodevelopment are available. The longest
observational period was described in a large prospective
study that included 104 neonates followed for a median
period of 2.5 years (range 6 months to 15 years) [49].
Prognosis in children seems worse than in adults, with
20-70% of patients presenting residual neurological defi-
cits [13,49,50]. In a series of 42 neonates, one died and
only 21% of those who completed 2 years of follow-up
recovered completely [51]. A European cohort study
reported a recanalization rate of 69% (46% complete and
42% partial) between 3 and 6 months after CVST [52],
and another recent study found a rate of 85% at
3 months in neonates compared with 56% in children
[53]. Despite the limited data, complete recanalization
seems to occur earlier in children than in adults, particu-
larly in neonates [53].

The recurrence rate of thrombosis varies between 0%
and 20% [15,48-50], with the highest figures in children
older than 2 years [11,52]; this is mainly due to underly-
ing systemic diseases (e.g. systemic lupus erythematosus
and Behget disease) [54]. The avoidance of anticoagulant
therapy, the lack of recanalization and the presence of
the G20210A prothrombin gene mutation have all been
associated with an increased risk of recurrence of 11.2-,
4.1- and 4.3-fold, respectively [38,52].

Risk factors

Like any thrombosis, CVST has a multifactorial etiology
(Table 1). In 85% of patients at least one risk factor is
identified and 50% of events are triggered by the interac-
tion of more risk factors. A small proportion of cases
remains idiopathic (i.e. no direct cause or risk factor can
be identified) [16,55].

Sex related

CVST is more common in women of reproductive age
than in men, as a result of the use of oral contraceptives
or hormone replacement therapy, pregnancy and the
puerperium [56]. Oral contraceptive use is by far the most
common risk factor, reported in more than 80% of
women in various series and associated with a pooled
estimate of approximately 6-fold increased risk of CVST
[57]. A recent case—control study showed that overweight
and obesity in women using oral contraceptives further
increased the risk of CVST up to 30-fold in a dose-
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Table 1 Risk factors for cerebral vs. sinus thrombosis

Permanent risk factors Transient risk factors

Sex related
Oral contraceptive

Inherited thrombophilia
Prothrombin G20210A
mutation

Factor V Leiden Pregnancy
Antithrombin deficiency Puerperium
Protein C deficiency Infections

Head and neck infections
(e.g. mastoiditis, sinusitis,
otitis, osteomyelitis, abscess
and meningitis)

Protein S deficiency

Malignancy
Advanced-stage cancer

Malignancy
Cerebral and non-cerebral
solid cancer

Mechanical
Head trauma, neurosurgical
procedures, lumbar puncture,
jugular vein catheterization

Systemic diseases
Antiphospholipid syndrome

Autoimmune diseases Other
(systemic lupus erythematosus,
Behget disease and vasculitis)
Inflammatory bowel diseases

Nephrotic syndrome

L-asparaginase treatment
Severe dehydration

Severe anemia
Obesity

Hematological diseases
Paroxysmal nocturnal
hemoglobinuria
Sickle cell disease Maternal (specific for
neonates)

Maternal infections
Obstetrical trauma
Obstetrical complications
(gestational diabetes,
preeclampsia/eclampsia and
premature rupture of
membranes)

B-thalassemia,
myeloproliferative neoplasms

dependent manner [58]. An increase in risk also occurs
with the multiplicative interaction between oral contra-
ceptive use and the presence of thrombophilia abnormali-
ties [59,60]. Pregnancy or the puerperium are responsible
for 5-20% of CVST, with an incidence of 12 cases per
100 000 deliveries [4,56,61].

Thrombophilia abnormalities

Inherited thrombophilia abnormalities, that is, the com-
mon gain-of-function mutations in factor (F) V and FII
(FV Leiden and prothrombin G20210A polymorphism)
and the rare lack-of-function deficiencies in antithrombin,
protein C and protein S, are well-established risk factors
for venous thromboembolism, including CVST. Heterozy-
gous FV Leiden or prothrombin polymorphism are
reported in 6-24% of patients with CVST, with the latter
being more prevalent in several case series [16,62,63]. A
recent meta-analysis that included 23 cohort and 33 case—
control studies reported a solid risk estimate of CVST for
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prothrombin polymorphism (OR, 6.05; 95% CI, 4.12—
8.90) and FV Leiden (2.89; 95% CI, 2.10-3.97), and a
strong estimate for protein C (OR, 8.35; 95% CI, 2.61-
26.67) and protein S (OR, 6.45; 95% CI, 1.89-22.03) defi-
ciency [62]. With regard to the severe acquired throm-
bophilia due to the presence of antiphospholipid
antibodies, data on the association with CVST are lack-
ing and only case reports or small case series are available
[30,63-65]. A study of 163 patients with CVST and 163
with deep vein thrombosis showed a stronger association
of anticardiolipin antibodies with the former rather than
the latter (17% vs. 4%) [65]. Data are scanty for other
thrombophilia markers such as high FVIII and hyperho-
mocysteinemia. Only one case—control study investigated
the association between high FVIII and CVST, showing
higher levels in patients than controls [66]. Hyperhomocys-
teinemia is associated with a 3-fold increased risk of CVST
[62,64]; however, the homozygous MTHFR C677T poly-
morphism, a genetic determinant of homocysteine levels,
does not independently increase the risk of CVST [64,67].

Cancer

Approximately 7% of patients with CVST have a con-
comitant solid (cerebral or non-cerebral) or hematological
cancer [16,47]. In a recent case—control study, among 594
patients with CVST the prevalence of cancer was 8.9%,
for a nearly 5-fold increased risk (OR, 4.86; 95% CI,
3.46-6.81) [33]. Moreover, CVST can be a complication
of chemotherapy with L-asparaginase. Out of 706 treated
patients, 22 (3.1%) developed CVST, 20 of whom during
treatment with L-asparaginase [68]. Although the inci-
dence rate of CVST in patients with myeloproliferative
neoplasms (MPN) is around 1%, approximately 4% of
patients with CVST have an overt myeloproliferative neo-
plasm [69-71]. Hence, such diseases must be suspected
and appropriately searched for in patients with CVST.

Systemic diseases and infections

CVST occurs in 0.5-7.5% of patients with chronic inflam-
matory bowel diseases, as a complication of the hyperco-
agulable state due to mucosal inflammation that leads to
upregulation of tissue factor, high platelet count and
impaired fibrinolysis [72,73]. Additional systemic condi-
tions are vasculitis, especially Behget disease, with an inci-
dence rate for CVST of 3 per 1000 p-y [74], whereas few
data are available on systemic lupus erythematosus and
nephrotic syndrome [75]. A local infection becomes a
strong risk factor for CVST through endothelial injury
and activation of procoagulant pathways. The most com-
mon are otitis, mastoiditis, sinusitis, meningitis, skin or
dental infections. However, in the antibiotic era the
prevalence of infection-related CVST has dropped to 8-
12%, although it remains higher in less developed coun-
tries [9,16.,47].

Other risk factors

Additional mechanical risk factors for CVST include neu-
rosurgery, internal jugular catheterization and lumbar
puncture [3,4]. Regarding genetic causes, several loci on
chromosome 6 (within the human histocompatibility com-
plex) and chromosome 9 (close to the ABO gene) have
been involved in the development of CVST [76], although
these associations remain to be confirmed in large gen-
ome-wide association studies [77]. The association of
CVST with other candidate genes, such as plasminogen
activator inhibitor-1 4G/5G polymorphism [78] and pro-
tein Z G79A polymorphism [79], remains controversial.
Janus Kinase-2 (JAK2) V617F somatic mutation, a pri-
mary molecular marker of Philadelphia-negative MPN, is
also present in a small percentage (0-6.2%) of CVST
without an overt MPN and it could be linked to an
increased risk of cerebral thrombosis [80,81].

Risk factors in children and neonates

As in adults, CVST in children and neonates has a multi-
factorial etiology. Compared with adults, children develop
idiopathic events less frequently and have a partially dif-
ferent set of risk factors due to anatomical and rheologi-
cal characteristics of the cerebral circulation. The
hemostatic system in children is in a dynamic state, with
quantitative and qualitative differences in coagulation fac-
tors compared with adults. In neonates the hemostatic
system is accelerated as a result of decreased levels of the
natural anticoagulant proteins (antithrombin, protein C
and protein S) that rise up to physiological adult levels at
approximately 6 months after birth [82,83]. Despite this,
neonates have a good hemostatic balance that can be
altered by concomitant comorbidities such as systemic or
local infections, dehydration, chronic renal failure and
brain tumors [84,85]. In neonates there are also obstetri-
cal predisposing conditions, including premature rupture
of membranes, infections, gestational diabetes, hyperten-
sion and hypoxic ischemic injury [86]. Specifically, the
compression of the skull bones during delivery can result
in damage of the dural venous sinuses and this, together
with typical neonatal dehydration, can increase the risk
of CVST development [24,87]. Additionally, the usual
supine position assumed by neonates has a major influ-
ence on intracranial venous outflow, contributing to local
venous stasis. This happens particularly in the thrombosis
of the superior sagittal sinus (OR, 2.5; 95% CI, 1.07-
5.67) [84]. In children and adolescents, head and neck
infections (otitis media, mastoiditis and sinusitis) are the
most common risk factors for CVST [11,13,85,88]. Other
risk factors observed in more than 50% of cases include
underlying chronic diseases such as nephrotic syndrome
(which confers an acquired prothrombotic state due to
urinary loss of anticoagulant proteins) [89], liver diseases
[11], systemic lupus erythematosus [90], malignancy
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[15,91], head trauma or neurosurgery [48,49]. CVST has
also been reported in children with iron deficiency anemia
and to a lesser extent with hemolytic anemia, PB-thalasse-
mia and sickle cell disease[15]. Inherited thrombophilia
has been poorly investigated in pediatric CVST and
reported in 20% to 62% of cases [11,12,15,48]. The asso-
ciation of CVST with FV Leiden and prothrombin
G20210A polymorphism appears weaker in children than
in adults [12,15,92]. The combination of acquired throm-
bophilia and underlying conditions provides a major con-
tribution to the pathogenesis of pediatric CVST [12,89].

Treatment of the acute phase

Anticoagulant treatment

The use of heparin was first described in 1942 by a British
gynecologist who successfully treated a puerpera with
CVST [93]. The initial indication of anticoagulation in
patients with CVST comes from two small randomized
controlled trials performed in the 1990s that compared
heparin with placebo. The first included 20 patients and
was prematurely stopped because of safety concerns due
to 3/10 intracranial hemorrhages in the placebo group
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compared to 0/10 in the unfractionated heparin (UFH)
arm [94]. The second study included 59 patients and
showed a better outcome in the low-molecular-weight
heparin (LMWH) arm (death or dependence rate 13% vs.
21%) [95]. A subsequent meta-analysis of the two trials
showed a 13% reduction in the risk of death or depen-
dency in patients treated with heparin [96]. None of the
18 patients with intracranial hemorrhage included in the
two studies cited above and treated with heparin had
worsened bleeding [94,95].An observational study includ-
ing 102 CVST patients with hemorrhagic venous infarc-
tion or subarachnoid hemorrhage treated with LMWH or
UFH showed a deterioration in clinical course only in
11% of patients, without a difference between the two
treatment group [97]. Based on these data, current guide-
lines state that intracranial hemorrhage does not represent
a contraindication to anticoagulant therapy in the acute
phase of CVST [28]. Our personal opinion is to use sub-
therapeutic doses (i.e. 50-75% of the full dose) of
LMWH in the case of vast intracranial hemorrhage. No
consensus exists on the superiority of one type of heparin
over the other. The first indirect comparison between
LMWH and UFH in patients with CVST was made in
the framework of the ISCVT study and showed a lower
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Table 2 Ongoing clinical trials in patients with cerebral venous sinus thrombosis.

Estimated Age of
Study type completion  patients
Title NCT number and design Interventions Primary outcome date enrolled
A Clinical Trial Comparing NCT02913326 Interventional Dabigatran Composite rate of major June 2018 18-
Efficacy and Safety of randomized etexilate vs. bleeding and venous 78 years
Dabigatran Etexilate With (phase 3) warfarin for thromboembolism
Warfarin in Patients With 6 months
Cerebral Venous and Dural
Sinus Thrombosis (RE-
SPECT CVT)
The Efficacy and Safety of NCT03217448 Interventional Dabigatran Incidence of recanalyzed veins January 18-
Dabigatran Etexilate for the randomized etexilate vs. after 6 months 2019 80 years
Treatment of Cerebral Venous (phase 3) warfarin for
Thrombosis 6 months
Comparison of the Efficacy of NCT03191305 Non- Rivaroxaban Recurrent CVT or any September 13—
Rivroxaban to randomized, vs. warfarin hemorrhage 2018 50 years
Coumadin (Warfarin) in parallel
Cerebral Venous Thrombosis assignment
Study of Rivaroxaban for NCTO03178864 Prospective Rivaroxaban Composite rate of all-cause June 2020 >18 years
CeREbral Venous randomized vs. standard mortality, symptomatic
Thrombosis (SECRET) controlled of care intracranial bleeding, major
(phase 2) extracranial bleeding
Thrombolysis or NCTO01204333 Interventional Endovascular  Favorable clinical outcome Completed  >18 years
Anticoagulation for Cerebral randomized local (mRS 0-1) at 12 months
Venous (phase 3) thrombolysis
Thrombosis (TO-ACT) vs. heparin
Thrombin Generation and NCT02013635 Observational ~ Non- Evolution of thrombin Completed  >16 years
Thrombus Degradation in prospective interventional  generation parameters and D-
Cerebral case-only dimer levels from baseline and
Venous Thrombosis: Clinical correlation with clinical
and Radiological Correlations presentation
The Role of Factor XIII NCT00924859 Observational  Non- To assess the overall accuracy Completed 18-
Activation Peptide and D- prospective interventional  of D-dimer and FXIII-AP 85 years
dimer Values case-only (activation peptide) using a

for the Diagnosis of Cerebral
Venous Thrombosis (CVT)

newly developed ELISA test,
to exclude CVT in patients
with clinical suspicion of CVT

incidence of disability at 6 months in the LMWH group,
without differences in overall survival [98]. Subsequently,
two randomized controlled trials compared LMWH and
UFH. The first showed a significantly lower mortality
rate in the LMWH group (0% vs. 18.8%) [99], whereas
the second showed no differences between the two groups
in mortality (3.8% vs. 5.6%) and in new symptomatic
intracranial hemorrhage (none in both groups) [100].
UFH, with its shorter half-life and easier reversibility, can
be preferred in unstable patients or in those requiring
invasive procedures.

Thrombolysis and endovascular treatment

No randomized clinical trials have assessed the role of
systemic thrombolysis in CVST. The most recent system-
atic review on this issue included only case reports and
case series for a total of 26 patients [101]. Urokinase was
the most frequently administered thrombolytic agent
(73.1%), whereas streptokinase and recombinant tissue
plasminogen activator (rt-PA) were used in 7.7% of cases

each. Extracranial hemorrhage occurred in five patients
(19.2%) and intracranial in three (11.5%), with two
deaths. Partial or complete recanalization occurred in 16
patients (61.5%). Only case reports and small case series
are available in the literature on endovascular treatment
of CVST with local thrombolysis (urokinase, streptoki-
nase or rt-PA) and mechanical thrombectomy. This treat-
ment should be reserved for patients with a very severe
presentation or rapidly declining neurological symptoms
despite appropriate anticoagulant therapy, after exclusion
of other causes of deterioration. Endovascular treatment
is associated with a high risk of intracranial hemorrhage
(7.6%) and mortality (9.2%), half of which are due to
new onset or worsening of pre-existing intracranial hem-
orrhage [102]. These estimates are likely to be underesti-
mated because of the publication bias in favor of
successful case reports. The randomized controlled trial
TO-ACT (NCT01204333) comparing local thrombolysis
and heparin treatment has been prematurely interrupted
after the inclusion of 67 patients because of no difference
in primary outcome (mRS 0-1 at 12 months) [103].
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Hence, currently available data raise concerns about
safety of thrombolysis and endovascular treatment in
patients with CVST.

Treatment of complications

The most severe patients present complications in the
acute phase that require specific management. In the case
of seizures, antiepileptic drugs are indicated to prevent
recurrences, although the optimal duration of this therapy
and its use as primary prophylaxis are not well estab-
lished. In the case of hydrocephalus associated with neu-
rological deterioration, shunting procedures to drain
excess cerebrospinal fluid are required after temporary
withdrawal of anticoagulation. Intracranial hypertension
does not usually require treatment, but in symptomatic
cases shunting procedures or serial lumbar puncture are
required to promptly reduce intracranial pressure in case
of papilledema and reduced visual acuity. Acetazolamide
can also be administered to reduce cerebrospinal fluid
production [28]. Rarely, patients with CVST present
transtentorial herniation in the acute phase and need
decompressive surgery, a lifesaving procedure. A prospec-
tive evaluation of the outcome of patients with CVST
undergoing decompressive surgery is ongoing (DECOM-
PRESS-2 registry) and the interim analysis on 22 patients
showed a 6-month mortality rate of 23.8% in patients
treated vs. 100% in those not treated [104]. The role of
steroids in reducing vasogenic edema is controversial;
their use is not suggested in acute CVST, particularly in
patients without parenchymal lesions, whereas it is recom-
mended in CVST with an associated inflammatory disease
(e.g. Behget’s disease) [28].

Treatment of the chronic phase

The optimal duration of anticoagulant therapy for sec-
ondary prevention of CVST should be decided for the sin-
gle patient, evaluating the risk—benefit ratio. The absolute
risk of recurrent thrombosis is low and long-term anticoag-
ulation is reserved for patients with persistent and unmodi-
fiable risk factors (e.g. severe thrombophilia, or solid or
hematological neoplasms) and those with recurrent CVST.
Whether also patients with unprovoked CVST should con-
tinue anticoagulation is not known (Fig. 4). AHA/ASA
guidelines recommend that patients with CVST secondary
to a transient risk factor receive anticoagulant therapy with
a vitamin K antagonist (VKAs) for 3-6 months, maintain-
ing an INR range between 2 and 3, whereas those with
unprovoked CVST receive therapy for 6-12 months [24].
An exception is CVST during pregnancy, which requires
therapeutic doses of LMWH possibly adjusted for body-
weight to ensure efficacy until delivery [28] because of the
teratogenic effect of VKAs. AHA/ASA guidelines recom-
mend antiplatelet therapy after a period of anticoagulation
in patients with CVST without a recognized thrombophilia,
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although in the absence of controlled trials or observa-
tional studies this indication sounds arbitrary [105]. In line
with studies conducted in patients with venous throm-
boembolism, we might accept the recommendation for
patients with unprovoked events. Randomized clinical tri-
als are required and the ongoing EXCOA-CVT study com-
paring a short (3-6 months) with a long (12 months)
duration of oral anticoagulant therapy in patients with
CVST will provide new insights into this crucial issue [106].
Recanalization of CVST can be considered among the cri-
teria, potentially helping the decision on the optimal dura-
tion of anticoagulant therapy. Repeat imaging (CT or
MRI) is recommended at 3—6 months from the index event
or in the case of persistent or recurrent symptoms sugges-
tive of CVST during anticoagulation therapy [24]. In the
case of complete recanalization further neuroimaging is not
required, whereas in the case of partial recanalization we
suggest considering the possibility of prolonging anticoagu-
lation until a reassessment at 12 months from the event.
Another emerging issue in the treatment of CVST is the
role of direct oral anticoagulants (DOACs), which showed
a similar efficacy and a better safety profile compared with
VKAs in patients with proximal deep vein thrombosis of
the lower limbs or pulmonary embolism. All phase III clini-
cal trials on the use of DOACs excluded patients with
CVST and we thus have no certainties on their appropri-
ateness for these patients, although three case series includ-
ing respectively two, six and seven patients treated with
rivaroxaban, confirmed its safety [107-109]. Clinical trials
comparing efficacy and safety of dabigatran etexilate or
rivaroxaban with warfarin or standard of care are ongoing
(Table 2).

Secondary prevention

Concerning antithrombotic prophylaxis in high-risk situa-
tions after a first episode of CVST, it has been proposed
to follow suggestions reported in guidelines on extracra-
nial venous thrombosis. Concerning pregnancy, prophy-
lactic doses of LMWH for women who discontinued oral
anticoagulation are recommended [24].

Treatment in children and neonates

In children, the correction of concomitant conditions such
as dehydration or infections is of crucial importance, even
more so than in adults. When CVST is secondary to otitis
media complicated by mastoiditis, antibiotic treatment
with cephalosporins is indicated. Antibiotics are also used
in patients with infection-related jugular vein thrombosis
(Lemierre’s syndrome), in particular against anaerobic
microorganisms such as Fusobacterium necrophorum. In
the absence of randomized controlled trials on anticoagu-
lant treatment in children with CVST, current guidelines
recommend doses of therapeutic heparin independently of
concomitant intracranial hemorrhage and endovascular
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treatment for patients with rapidly deteriorating neuro-
logical functions despite adequate anticoagulation, simi-
larly to adults [110]. For neonates there is no consensus
on the management of the acute phase, and both antico-
agulation or a conservative approach should be consid-
ered, treating concomitant illnesses. A promising
alternative to the parenteral heparin or VKAs that
require laboratory monitoring (very uncomfortable in the
pediatric population) are DOACsS, at present under inves-
tigation in any phase trials [111]. The optimal duration of
anticoagulant treatment is not well established; however,
6 weeks to 3 months are recommended for neonates, and
3 to 6 months for children [112].

Thrombolysis should be used only in highly selected
patients because of the risk of bleeding, which is particu-
larly high in neonates due to their immature hemostatic
system. Moreover, the naturally low levels of plasminogen
in neonates may decrease the efficacy of chemical throm-
bolysis and some authors suggest infusion of plasminogen
through fresh frozen plasma before the procedure [110].

Conclusions

Despite its low incidence rate, CVST represents one of
the leading causes of stroke in young adults. A prompt
diagnosis is necessary to avoid acute complications and
long-term disabilities. The mainstay of therapy is antico-
agulation, even if the optimal duration of treatment is
currently under investigation. DOACs represent a fasci-
nating option for treatment of CVST, taking into consid-
eration their safety profile and the lack of laboratory
monitoring. Clinical trials with DOACs are currently
ongoing in adults and children and their results will help
in decision making.
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