Received: 10 July 2024

Revised: 21 August 2024

Accepted: 26 August 2024

https://doi.org/10.1016/j.jtha.2024.08.012

REVIEW

The changing face of cerebral venous sinus thrombosis—
emerging new causes and treatments

Caroline Dix*?

1Department of Clinical Haematology,
Alfred Hospital, Melbourne, Victoria,
Australia

2Department of Clinical Haematology,
Austin Hospital, Heidelberg, Victoria,
Australia

3Thrombosis and Haemophilia Centre, Guy’s
& St Thomas’ NHS Foundation Trust,
London, United Kingdom

Correspondence

Caroline Dix, Department of Clinical
Haematology, Alfred Hospital, 55
Commercial Road, Melbourne, VIC 3004,
Australia.

Email: c.dix@alfred.org.au

| Beverley J. Hunt®* X

Abstract

Cerebral venous sinus thrombosis (CVST) is an uncommon site of venous thrombo-
embolism. CVST more commonly affects younger people and women, in stark contrast
to other forms of venous thrombosis in which incidence increases with age and overall
affects men. Traditional risk factors for the development of CVST include endogenous
and exogenous estrogen (combined oral contraceptives and pregnancy and the puer-
perium), thrombophilias, and rare hematologic disorders. New and emerging risk
factors include obesity, polycystic ovary syndrome, COVID-19 infection, and vaccine-
induced thrombocytopenia and thrombosis and vaccine-induced thrombocytopenia
and thrombosis-like disorders. Management centers around anticoagulation, manage-
ment of the underlying cause, and consideration of invasive measures including
endovascular thrombolysis and/or thrombectomy and craniectomy for severe cases.
This review discusses the emerging risk factors and their identification, evidence for
treatment including the use of direct oral anticoagulants, and the role of invasive

management options.
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1 | INTRODUCTION

Cerebral venous sinus thrombosis (CVST) is an uncommon site of
venous thromboembolism (VTE). Previously reported incidence rates
range from 1.3 to 2.6 per 100 000 [1-4]. In contrast to other sites of
VTE, especially deep vein thrombosis (DVT) and pulmonary embolism
(PE), which are more common in men and older age, CVST is more
common in younger people and women. In the past, emphasis has
been placed on the use of combined oral contraceptives (COCs),

thrombophilia, and unusual hematologic disorders as risk factors for

CVST. New and emerging risk factors and causes have now been
established, including high body mass index (BMI), COVID-19, vac-
cine-induced thrombocytopenia and thrombosis (VITT), spontaneous
VITT, and polycystic ovary syndrome (PCOS). Additionally, until
recently, the recommendation was for treatment with a vitamin K
antagonist (VKA) rather than a direct oral anticoagulant (DOAC) due
to a lack of evidence, and recommendations on duration of anti-
coagulation were conflicting. Here, we review the contemporary risk
factors and etiologies for CVST as well as discuss evidence for the use
of DOAC:s in the treatment of CVST.
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2 | EPIDEMIOLOGY

Prior to the COVID-19 pandemic, population-based studies had esti-
mated the incidence of CVST to be around 15 per million per year [2],
and the incidence appeared to be increasing [4]. It was thought that
the increasing incidence was mainly due to more sensitive imaging [5];
however, new findings suggest other previously unrecognized forces
such as the obesity pandemic may be contributing. It was previously
recognized that CVST is more common in women than in men with a
ratio of 3:1 and more common in those aged 18 to 44 years [4]. This is
in contrast to other forms of VTE that are more common in men,
except during women'’s fertile years, and with increasing incidence
with increasing age [6], highlighting the different pathophysiological
mechanisms and contributing risk factors at play.

3 | RISK FACTORS

The skewed sex ratio and age at presentation of CVST strongly sug-
gest that the occurrence of CVST is largely driven by female hormonal
risk factors—pregnancy and the puerperium, the use of COCs, and
PCOS. Both exogenous and endogenous estrogen are known to in-
crease the risk of thrombosis due to a variety of effects on hemostasis,
causing elevated levels of von Willebrand factor, factor (F)Il, FVII,
FVIII, and fibrinogen; reduced levels of tissue factor pathway inhibitor
and increased thrombin-activatable fibrinolysis inhibitor; reduced
plasma concentrations of antithrombin and protein S; and an acquired
resistance to protein C [7]. Furthermore, levels of estradiol, sex hor-
mone binding globulin, and free androgen index have been shown to
be associated with VTE risk in nonpregnant women who do not use
COCs, indicating a role for endogenous sex hormones in the patho-

physiology of VTE in young women [8].

3.1 | Obesity

Obesity is a well-established risk factor for DVT and PE, and it is a
recognized major global health problem with increasing incidence.
Since 1990, worldwide adult obesity has more than doubled, and in
adolescents, it has quadrupled [9]. In 2022, 43% of adults worldwide
were overweight and 16% were obese (BMI, >30) [9]. In some
countries, this rate is even higher, with over 63% of adults in the
United Kingdom being overweight or obese [10]. The reasons for the
increased risk of VTE stem partly from the fact that adipocytes are
very metabolically active cells [11], for adipocytes are able to generate
cytokines and adipokines influence coagulation, fibrinolysis, platelet
function, and inflammatory responses. Of particular note is that adi-
pocytes produce plasminogen activator inhibitor-1, and leptin, a hor-
mone released from adipocytes, correlates with FVlla and von
Willebrand factor [11,12]. Additionally, obesity is associated with
increased activation of platelets [11], activated protein C resistance,
and higher concentrations of fibrinogen and FVIII [13]. However, until

recently, it was not known if obesity increased the risk of CVST. A

case-control study carried out in the Netherlands and Switzerland
comprising 186 cases and 6134 controls found that those who were
obese had an increased risk of CVST with an odds ratio (OR) of 2.63
(95% Cl, 1.53-4.54) [14]. Furthermore, obese women receiving COCs
had an increased risk of CVST depending on the degree of weight
increase (for BMI of 25-29.9: OR, 11.87; 95% Cl, 5.94-23.74; for BMI
of >30: OR, 29.26; 95% Cl, 13.47-63.6) [14]. Specific to CVST, there
was speculation that obesity may reduce outflow from the cerebral
venous system possibly due to transmittance of increased intra-
abdominal pressure; however, whether this explains the increased
risk of CVST in obesity is unknown [15].

3.2 | Pregnancy

Pregnancy increases the risk of VTE 5 to 6 times compared with
age-matched controls [16]. Family history, presence of inherited
thrombophilia, and other medical and pregnancy-related factors
further increase this risk. A multicenter case-control study of 163
cases and 1230 controls found pregnant or postpartum women have a
3.5 times higher risk of CVST than nonpregnant or postpartum women
of a similar age, most of which was accounted for in the postpartum
period [17]. A study of 240 women with cerebrovascular complica-
tions during pregnancy found that most women with CVST during
pregnancy had a good outcome [18]. A newly recognized contributor
to CVST in pregnancy and postpartum is the association of CVST
following neuraxial blockade, particularly with accidental dural punc-
ture [19,20]. While limited to case reports and case series resulting in
an unknown risk, 1 retrospective single-center study assessing all
patients with CVST who presented to their institution found that
19.6% of those with CVST had had a recent dural puncture before the
onset of symptoms, either spinal anesthesia or intrathecal chemo-

therapy [20]. Further studies are needed.

3.3 | COCs

COC medications are among the most frequently prescribed drugs to
young women, with an estimated 150 million women using them
worldwide [21]. They are well-established as a risk factor for throm-
bosis, with an increased risk of 2- to 9-fold compared with nonusers in
various studies [22]. The risk of VTE is modulated by estrogen dose,
type of progestogen, and method of delivery [22,23]. Epidemiologic
studies over many years have shown that there is a decreased risk of
venous thrombosis with a lower oral estrogen dose—early COCs
contained 150 pg ethinyl estrogen, whereas modern formulations
contain doses of 20 to 50 pg [22]. Importantly, a large population-
based study in Denmark observed that a reduction in oral estrogen
dose from 50 pg to 30 to 40 pg daily reduced the risk by 17% to 32%,
and a reduction from 30 to 40 pg to 20 pg reduced the risk by 18%,
depending on the type of progestogen [24]. The risk also decreases
with increasing duration of use (rate ratio compared with nonusers:
<1 year, 4.17; 1-4 years, 2.98; and >4 years, 2.76) [24]. Progestins are
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formulated in terms of “generations”—first and second generations
include levonorgestrel, norethisterone, and medroxyprogesterone; the
third generation includes desogestrel, gestodene, and norgestimate;
and the fourth generation includes drospirenone [22]. In terms of the
type of progestogen, a population-based case-control study in the
Netherlands found, relative to nonusers, that the use of COCs con-
taining levonorgestrel was associated with a 4-fold increased risk, 5.6-
fold for gestodene, 7.3-fold for desogestrel, 6.8-fold for cyproterone
and 6.3-fold for drospirenone [25]. They increase the risk of VTE
through various hemostatic mechanisms—increasing levels of Fll, FVII,
FVIII, and fibrinogen, decreasing antithrombin and protein S levels,
and generating an acquired activated protein C resistance [26].

In particular, the risk of CVST increases 5- to 22-fold in those who
use COCs [27], and the risk is further increased if the individual has a
thrombophilia [28]. A recent systematic review and meta-analysis
found that the odds of CVST in women of reproductive age exposed
to COCs was 7.59-fold (95% Cl, 3.82-15.09) higher than in those not
taking COCs [28].

34 | PCOS
PCOS is an emerging risk factor for VTE [29]. PCOS is one of the most
common endocrine and reproductive disorders thought to affect up to
20% of women worldwide [30,31]. It is a syndrome with a heteroge-
neous clinical presentation, characterized by an irregular menstrual
cycle, ovulatory dysfunction, biochemical and clinical evidence of
hyperandrogenism, and polycystic ovary morphology on ultrasound,
and is associated with metabolic changes that increase the risk of
cardiovascular disease [32]. PCOS may increase the risk of VTE
through a number of mechanisms—women with PCOS have been
shown to have prothrombotic coagulation changes; they also may be
overweight, and many are treated with COCs, which may further
modulate risk [29]. The hemostatic changes of PCOS include reduced
prothrombin time, activated partial thromboplastin time, and elevated
plasminogen activator inhibitor-1 and thrombin-activatable fibrino-
lysis inhibitor levels [33-35]. Additionally, case-control studies have
shown women with PCOS to have greater endogenous thrombin po-
tential and thrombin peak compared with those without PCOS [36],
which increases with increasing BMI and insulin resistance [37].

A recent systematic review found that women with PCOS have a
1.5 to 2 times greater risk of VTE than women without PCOS and that
this increased risk was not completely explained by excess weight and
greater use of COCs in women with PCOS, suggesting that PCOS is an
independent risk factor for VTE [29]. The authors of this systematic
review conclude that PCOS should be viewed as a risk factor similar to
high BMI, age >35 vyears, or active smoking, particularly when
deciding if a COC should be used and at what dose [29], with the
suggestion that the least thrombogenic COC be used—low estrogen
dose and with levonorgestrel or norgestimate. In terms of PCOS
increasing the risk of CVST specifically, there have been case reports
[38-40], and further research is required to elucidate if PCOS in-

creases the risk of CVST specifically and through which mechanisms.

jth--
3.5 | COVID-19 and other infections

Infections, particularly of the upper respiratory tract and central
nervous system, are rare but well-recognized precedents of CVST.
Additionally, COVID-19 pneumonia is known to be associated with
significant risk of arterial and venous thrombosis, probably related to
an increase in proinflammatory cytokines, activation of endothelial
cells and platelets, and subsequent activation of coagulation [41]. A
retrospective cohort study from the United States in 2020 (before
vaccination) found a CVST incident rate among COVID-19-positive
inpatients to be 231 per 100 000 person-years [42]. In fact,
while much attention was paid to CVST associated with COVID-19
vaccinations (see below), a study actually found that the risk of
CVST following COVID-19 infection is 2.3 times higher than following
a COVID-19 vaccination [43].

CVST used to be a frequent complication of middle ear and
mastoid infections in the preantibiotic era, which became rare with
the availability of potent antibiotics [44]. However, cases are still
being seen, particularly in the setting of antibiotic resistance. There
can be direct spread of the inflammatory process from the middle ear
via venules draining into the sigmoid sinuses [44]. Lemierre syndrome,
first described in 1936, is a septic thrombophlebitis of the tonsillar and
peritonsillar veins secondary to pharyngotonsillitis, which can spread
to the internal jugular veins; it similarly had a sharp reduction in
incidence with the advent of antibiotics, however, is still seen rarely
[45].

36 | VITT

VITT is a syndrome characterized by thrombocytopenia, thrombosis, a
markedly raised D-dimer, reduced levels of fibrinogen, and the pres-
ence of anti-platelet factor-4 (PF4) antibodies following COVID-19
adenovirus vector vaccination [46,47]. It was recognized early on
that there were pathogenic similarities with heparin-induced throm-
bocytopenia (HIT), although the occurrence of VITT is heparin-
independent [46]. Of significant importance, enzyme-linked immuno-
sorbent assays (ELISAs) rather than rapid tests are required to detect
the anti-PF4 antibodies. Further studies have shown that HIT and
VITT antibodies bind to different epitopes on PF4 [48]: HIT antibodies
bind to heparin-dependent antigen sites, whereas VITT antibodies
bind to different sites on the PF4 molecule [49]. A key characteristic of
VITT is the predilection for unusual sites of thrombosis, including the
cerebral venous sinuses; indeed, 50% of patients with VITT present
with CVST [46]. CVST is usually severe, with thrombosis often
involving most major veins and with thrombi extending into the ve-
nules, and over one-third can be complicated by secondary intracra-
nial hemorrhage, more common in those with lower platelet counts
[46]. Patients with VITT-related CVST also have a much higher mor-
tality rate than those with non-VITT CVST; a registry study of 116
patients with VITT CVST found a mortality rate of 47% (95% Cl, 37%-
58%) compared with 5% (95% Cl, 1%-18%) in those with non-VITT but
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TABLE
Risk factor Risk estimate
Obesity Odds ratio, 2.63 [14]
PCOS 1.5-2x higher risk of VTE [29]

COVID-19 infection Incidence 231 per 100 000 (vs

baseline CVST 15 per million) [42]

VITT and VITT-like disorders Unknown

New/emerging risk factors for cerebral venous sinus thrombosis and possible hemostatic pathogenesis.

Possible hemostatic pathogenesis

Adipocytes release PAI-1; increased fibrinogen, FVlla, and VWF
levels; activated protein C resistance

Elevated PAI-1 and TAFI levels.
Association with obesity and COC use

Increase in proinflammatory cytokines, activation of endothelial
cells, and platelets

Platelet activation via production of anti-PF4 antibodies

COC, combined oral contraceptive; CVST, cerebral venous sinus thrombosis; FVIla, factor Vlla; PAI-1, plasminogen activator inhibitor-1; PCOS, polycystic
ovary syndrome; PF4, platelet factor-4; TAFI, thrombin-activatable fibrinolysis inhibitor; VITT, vaccine-induced thrombocytopenia and thrombosis; VTE,

venous thromboembolism; VWF, von Willebrand factor.

postadenovirus vaccination CVST and 3.9% (95% Cl, 2-7%.4%) in 207
control patients with CVST before the COVID-19 pandemic [50].
More recently, case reports of “VITT-like disorder,” also known as
“spontaneous VITT,” whereby patients have presented with all the
signs, symptoms, and hemostatic changes of VITT but without recent
vaccination, have been published [51]. Warkentin et al. [52] identified
9 patients with clinical features consistent with a VITT-like disorder,
of which 4 presented with CVST. All had moderate to severe throm-
bocytopenia, very high D-dimer levels, strongly positive anti-PF4 im-
munoassays by ELISA but not by the chemiluminescent assays (such as
HemoslL AcuStar HIT-1gG), and without proximate heparin exposure
or adenovirus-based vaccination [52]. A further report of 2 patients
with a VITT-like syndrome after adenoviral infection found both of
whom had marked thrombocytopenia, very high D-dimer and VITT-
like antibodies, and one of these had fatal CVST [53]. Identifying
these patients is challenging, and the correct anti-PF4 assay needs to
be chosen—rapid HIT assays and functional tests of heparin-induced
platelet activation will be negative, and anti-PF4/heparin ELISA tests
or modified functional tests (ie, replacement of heparin with PF4) are
helpful [52]. The identification of these rare cases is important as not
only can it be rapidly life-threatening but treatment with nonheparin
anticoagulation and the use of high-dose intravenous immunoglobulin
(IVIg) = plasma exchange for severe cases is also likely to markedly
reduce mortality as it has been shown in VITT [46]. We need to learn
more about this emerging cause of sudden severe thromboses
affecting multiple vascular beds associated with thrombocytopenia

and, in particular, the incidence and precipitating factors.

3.7 | Other risk factors

Other well-described contributors to CVST include severe thrombo-
philias [54], antiphospholipid syndrome, hematologic disorders
including myeloproliferative neoplasms and paroxysmal nocturnal
hemoglobinuria, malignancy, trauma, certain medications (such as
asparaginase) [55], and systemic diseases such as inflammatory bowel
disease, thyroid disease, and sarcoidosis, although some of these as-
sociations are limited to case reports. Additionally, there are case

reports of CVST being associated with episodes of diabetic

ketoacidosis and hyperglycemic hyperosmolar state [56,57]. In chil-
dren and adolescents, there are case reports of individuals with both
CVST and iron deficiency anemia [58,59]. However, iron deficiency
anemia is common in both women and children, and there are as yet
no epidemiological studies to suggest this is a firm relationship; such
studies would be welcomed. In 2004, it was noted that approximately
15% of CVST were described as idiopathic; however, this is likely
lower now with improved recognition of causes and risk factors [60].
See the Table for the possible hemostatic pathogenesis of the new risk
factors.

4 | CLINICAL PRESENTATION

Most cases present with severe headache, but additional signs and
symptoms can include seizures, neurological deficits, papilledema, and
mental status changes [5]. Approximately 30% to 40% of patients with
CVST present with intracranial hemorrhage [61,62]. Clinical findings in
CVST are related to (1) increased intracranial pressure (ICP) due to
impaired venous drainage and/or (2) focal brain injury from venous
ischemia or hemorrhage [63]. Compared with other cerebrovascular
diseases, seizures are fairly frequent (in around 40%), bilateral signs
may be present, and patients often present with slowly progressive
symptoms [63,64]. As noted previously, CVST in VITT often presents
with very extensive thrombosis.

5 | WORKUP AND MANAGEMENT

The diagnosis of CVST is based upon clinical suspicion and imaging
confirmation. All patients with suspected or confirmed CVST should
have a full blood count, renal and liver function, D-dimer, and baseline
coagulation tests (prothrombin time, activated partial thromboplastin
time, and fibrinogen). Those with features suggestive of VITT
(thrombocytopenia and very high D-dimer) should have appropriate
testing for VITT antibodies. Importantly, in most cases, early testing
for thrombophilia is not helpful, particularly in the case of physio-
logical anticoagulant deficiencies, as acute thrombosis can cause

falsely low results. Additionally, in most cases, these results will not
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change initial management. The only caveats may be testing for
antiphospholipid antibodies or antithrombin deficiency in appropriate
clinical scenarios as these results may alter the choice of

anticoagulation.

5.1 | Imaging

Computed tomography (CT) is often used as the initial neuroimaging
test in patients presenting with new neurological symptoms. Non-
contrast CT is often normal in CVST, only demonstrating abnormal-
ities in around 30% of cases, usually hyperdensity of a cortical vein or
dural sinus [27]. An ischemic lesion that crosses usual arterial
boundaries or is in close proximity to a venous sinus is also suggestive
of CVST [65]. Furthermore, those with cortical hemorrhage of unclear
origin should also go on to have imaging of the cerebral venous system
[66]. Therefore, a high index of suspicion is required to go on to
further imaging such as CT venography. Magnetic resonance imaging
is more sensitive for the detection of CVST but is less often used in
the acute setting due to lack of availability of scanners [63]. A recent
scientific statement from the American Heart Association provides an
update on diagnosis and management of CVST and states, “MRI/MRV
is the recommended non-invasive study of the cerebral venous system
to confirm the diagnosis. CT/CTV is a reasonable alternative in centers

with limited resources or if the pretest probability is low” [67].

5.2 | Anticoagulation
Once the diagnosis is confirmed, the mainstay of management is
anticoagulation. Small studies have demonstrated the safety and ef-
ficacy of anticoagulation in this setting. A meta-analysis of 2 ran-
domized trials, with a total of 79 patients, showed that anticoagulation
with heparin (unfractionated heparin [UFH] or low-molecular-weight
heparin [LMWH]) was associated with a reduction in poor outcomes
compared with placebo but it did not reach statistical significance—
relative risk of 0.46 (95% Cl, 0.16-1.31) for dependency and 0.33 (95%
Cl, 0.08-1.21) for death [68]. The recommendation to start anti-
coagulation includes patients with intracerebral hemorrhage at base-
line, as the driver for the hemorrhage is high venous pressure [69].
One study directly compared LMWH with UFH in the treatment of 66
adult patients with CVST; 19% of those who received UFH died
compared with 0% of those who received LMWH, and this was sta-
tistically significant, P = .01 [70]. There were 3 patients who had
extracranial hemorrhagic complications, all of whom had received
UFH, although this was not a prespecified trial outcome. While there
were methodological concerns with this study including the fact that
the patients allocated to UFH had a more severe baseline condition,
the results mirror a Cochrane meta-analysis showing those with DVT
and PE treated with LMWH had significantly lower mortality and
lower bleeding complications compared with UFH [71].

If VITT or spontaneous VITT is suspected or confirmed,

treatment should be aimed at switching off pathological

jth-—=
antibodies with the use of IVIlg and/or plasma exchange [46]. In
these patients, due to similarities with HIT and potential theo-
retical overlap of reactivity, use of nonheparin anticoagulants,

such as argatroban, bivalirudin, or fondaparinux, has been

suggested.

5.3 | Endovascular therapies

Endovascular therapies may be considered in patients who fail to
improve or clinically deteriorate despite treatment or have signs of
raised ICP. These include catheter-directed thrombolysis or throm-
bectomy. A multicenter randomized trial of 67 patients found that
thrombolysis did not result in superior outcomes to anticoagulation
alone [72]. A small prospective case series of 20 patients found that
while thrombolysis may be effective in severe cases, patients with
large infarcts and impending herniation did not benefit [73]. A sys-
tematic review of 17 studies involving 235 very high-risk patients
treated with endovascular mechanical thrombectomy, which was
combined with thrombolysis in most (88%) patients, found that com-
plete radiographic resolution occurred in 69% of patients, although
there was no comparator group [74]. They concluded that endovas-
cular thrombectomy was an effective salvage therapy for refractory
CVST [74]. Larger studies and meta-analyses have shown that endo-
vascular therapies are associated with higher mortality and should be
reserved for use as rescue treatment or in patients with contraindi-
cations to standard of care [67]. In particular, case series reporting
early use of endovascular therapies in severe cases of CVST associ-
ated with VITT that resulted in early reduction in ICP seemed to show
benefit [46].

5.4 | Decompressive craniectomy

As the main cause of death of CVST is cerebral herniation, decom-
pressive craniectomy should also be considered in cases of severe
intracranial hypertension with limited response to less invasive mea-
sures, including early clinical signs of raised ICP such as third nerve
palsy as well as in those with large venous infarcts and mass effect
causing herniation [75]. This is a reminder that patients with acute
CVST should be jointly managed by hematologists and neurologists
with access to neurosurgeons, especially those with extensive
thrombosis. The 2024 American Heart Association scientific state-
ment on the management of CVST has a new recommendation:
“Despite the low level of evidence, decompressive surgery is a life-
saving procedure that may result in improved functional outcomes
among patients with advanced clinical signs of herniation.” [67]. The
results of the recently published DECOMPRESS2 (Decompressive
Surgery for Patients With Cerebral Venous Thrombosis, Part 2) study,
a prospective international cohort study, support this recommenda-
tion: of 118 included patients with severe CVST, who had 115 cra-
niectomies and 37 hematoma evacuations, two-thirds were alive and

more than one-third independent at 1-year following study [76].
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5.5 | Long-term management and choice of
anticoagulant

Longer term, the mainstay of management is anticoagulation.
Decades-old guidelines suggest anticoagulation for 3 to 6 months in
provoked CVST and 6 to 12 months in unprovoked [63]. We believe
strongly that in 2024, with the availability of DOACs, consideration
for lifelong anticoagulation should be given to those with unprovoked
and/or recurrent CVST and those with an ongoing risk factor or with a
high-risk thrombophilia such as antiphospholipid syndrome or anti-
thrombin deficiency. A retrospective study found that CVST recur-
rence occurred in 4.4% of 706 patients after anticoagulation
withdrawal, with a median follow-up of 40 months [77]. Most re-
currences occur within the first year. Risk factors for recurrence
included history of VTE, male sex, polycythemia, and/or thrombocy-
tosis [78]. It is interesting that recurrence rates after CVST are lower
than other forms of VTE, whereby long-term anticoagulation is now
generally recommended after first unprovoked VTE [79]. This again
highlights that CVST has a distinct pathophysiology and clinical
course.

Traditionally, VKAs have been the anticoagulant of choice. Recent
evidence suggests DOACs are safe and effective in the treatment of
CVST, although further prospective studies are required. A systematic
review from 2021 found only 1 randomized controlled trial, as well as
5 observational studies and 27 case series with a total of 279 patients,
and reported a similar risk of death in DOAC vs standard therapy
arms (relative risk [RR], 2.12; 95% Cl, 0.29-15.59) [80]. The RE-SPECT
CVT (A Clinical Trial Comparing Efficacy and Safety of Dabigatran
Etexilate With Warfarin in Patients With Cerebral Venous and Dural
Sinus Thrombosis) trial comparing dabigatran with VKA found no
recurrent thrombosis in either group with higher rates of bleeding in
those receiving VKA [81]. Another meta-analysis included 1735 pa-
tients in observational studies and 215 in randomized trials and found
DOACs had comparable risk of recurrent VTE (RR, 0.85; 95% Cl, 0.52-
1.37), major hemorrhage (RR, 0.70; 95% ClI, 0.4-1.21), intracranial
hemorrhage (RR, 0.58; 95% Cl, 0.3-1.12), death (RR, 1.14; 95% ClI,
0.54-2.43), and compete venous recanalization (RR, 0.98; 95% ClI,
0.87-1.11) compared with VKAs [82]. We eagerly await the results of
the DOAC-CVT (Direct Oral Anticoagulants for the Treatment of
Cerebral Venous Thrombosis) trial, an international, prospective,
observational cohort study comparing DOACs with VKA aiming to
recruit 500 patients (ClinicalTrials.gov identifier, NCT04660747) [83].
VKA and LMWH still have a place in those with triple-positive anti-
phospholipid syndrome and pregnancy, respectively.

6 | CONCLUSION

CVST is a rare but serious form of VTE that has distinct pathophysi-
ology, risk factors, and clinical course to other forms of VTE. In
particular, it more commonly affects fertile women. Assessment

should include consideration of BMI, questioning the use of COCs,

presence of PCOS, and the potential for spontaneous VITT alongside
more traditional risk factors.

Treatment is centered around anticoagulation, with special
treatments of 1VIg and/or plasma exchange for those with confirmed
or suspected VITT. Finally, limited data suggest that DOACs seem to
be safe and effective in those with CVST who are not pregnant or
breastfeeding.

AUTHOR CONTRIBUTIONS
B.J.H. conceived the study, and B.J.H. and C.D. reviewed and inter-

preted the literature and wrote and reviewed the manuscript.

DECLARATION OF COMPETING INTERESTS

There are no competing interests to disclose.

ORCID

Caroline Dix "= https://orcid.org/0000-0002-6264-128X

X
Beverley J. Hunt X @bhwords

REFERENCES

[1] Coutinho JM, Zuurbier SM, Aramideh M, Stam J. The incidence of
cerebral venous thrombosis: a cross-sectional study. Stroke. 2012;43:
3375-7.

[2] Devasagayam S, Wyatt B, Leyden J, Kleinig T. Cerebral venous sinus
thrombosis incidence is higher than previously thought: a retro-
spective population-based study. Stroke. 2016;47:2180-2.

[3] Kristoffersen ES, Harper CE, Vetvik KG, Zarnovicky S, Hansen JM,
Faiz KW. Incidence and mortality of cerebral venous thrombosis in a
Norwegian population. Stroke. 2020;51:3023-9.

[4] Otite FO, Patel S, Sharma R, Khandwala P, Desai D, Latorre JG,
Akano EO, Anikpezie N, Izzy S, Malik AM, Yavagal D, Khandelwal P,
Chaturvedi S. Trends in incidence and epidemiologic characteristics
of cerebral venous thrombosis in the United States. Neurology.
2020;95:€2200-13.

[5] Coutinho JM. Cerebral venous thrombosis. J Thromb Haemost.
2015;13(Suppl 1):5238-44.

[6] Heit JA. Epidemiology of venous thromboembolism. Nat Rev Cardiol.
2015;12:464-74.

[71 Dix C, Moloney M, Tran HA, McFadyen JD. Venous thromboembo-
lism and estrogen-containing gender-affirming hormone therapy.
Thromb Haemost. 2024;124:387-98.

[8] Scheres LJJ, van Hylckama Vlieg A, Ballieux BEPB, Fauser BCJM,
Rosendaal FR, Middeldorp S, Cannegieter SC, CREW consortium.
Endogenous sex hormones and risk of venous thromboembolism in
young women. J Thromb Haemost. 2019;17:1297-304.

[9] World Health Organization. Obesity and overweight. https://www.
who.int/news-room/fact-sheets/detail/obesity-and-overweight#:~:
text=Worldwide%20adult%200besity%20has%20more,16%25%20
were%20living%20with%20obesity; 2024 [accessed March 15,
2024].

[10] Office for Health Improvement and Disparities. UK Government.
Obesity profile: short statistical commentary May 2023. https://
www.gov.uk/government/statistics/obesity-profile-update-may-20
23/obesity-profile-short-statistical-commentary-may-2023; 2024
[accessed March 15, 2024].

[11] Hunt BJ. Hemostasis at extremes of body weight. Semin Thromb
Hemost. 2018;44:632-9.


http://ClinicalTrials.gov
https://orcid.org/0000-0002-6264-128X
https://orcid.org/0000-0002-6264-128X
https://orcid.org/0000-0002-6264-128X
https://twitter.com/bhwords
https://twitter.com/bhwords
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref1
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref1
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref1
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref2
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref2
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref2
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref3
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref3
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref3
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref4
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref4
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref4
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref4
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref4
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref5
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref5
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref6
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref6
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref7
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref7
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref7
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref8
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref8
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref8
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref8
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight#:%7E:text=Worldwide%20adult%20obesity%20has%20more,16%25%20were%20living%20with%20obesity
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight#:%7E:text=Worldwide%20adult%20obesity%20has%20more,16%25%20were%20living%20with%20obesity
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight#:%7E:text=Worldwide%20adult%20obesity%20has%20more,16%25%20were%20living%20with%20obesity
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight#:%7E:text=Worldwide%20adult%20obesity%20has%20more,16%25%20were%20living%20with%20obesity
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight#:%7E:text=Worldwide%20adult%20obesity%20has%20more,16%25%20were%20living%20with%20obesity
https://www.gov.uk/government/statistics/obesity-profile-update-may-2023/obesity-profile-short-statistical-commentary-may-2023
https://www.gov.uk/government/statistics/obesity-profile-update-may-2023/obesity-profile-short-statistical-commentary-may-2023
https://www.gov.uk/government/statistics/obesity-profile-update-may-2023/obesity-profile-short-statistical-commentary-may-2023
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref11
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref11

DIX ano HUNT jﬂ1 | 7
[12] De Pergola G, De Mitrio V, Giorgino F, Sciaraffia M, Minenna A, Di [27] Dentali F, Crowther M, Ageno W. Thrombophilic abnormalities, oral
Bari L, Pannacciulli N, Giorgino R. Increase in both pro-thrombotic contraceptives, and risk of cerebral vein thrombosis: a meta-analysis.
and anti-thrombotic factors in obese premenopausal women: rela- Blood. 2006;107:2766-73.
tionship with body fat distribution. Int J Obes Relat Metab Disord. [28] Amoozegar F, Ronksley PE, Sauve R, Menon BK. Hormonal contra-
1997;21:527-35. ceptives and cerebral venous thrombosis risk: a systematic review

[13] Christiansen SC, Lijfering WM, Naess IA, Hammerstrgm J, van and meta-analysis. Front Neurol. 2015;6:7. https://doi.org/10.3389/
Hylckama Vlieg A, Rosendaal FR, Cannegieter SC. The relationship fneur.2015.00007
between body mass index, activated protein C resistance and risk of [29] Gariani K, Hugon-Rodin J, Philippe J, Righini M, Blondon M. Asso-
venous thrombosis. J Thromb Haemost. 2012;10:1761-7. ciation between polycystic ovary syndrome and venous thrombo-

[14] Zuurbier SM, Arnold M, Middeldorp S, Broeg-Morvay A, Silvis SM, embolism: a systematic review and meta-analysis. Thromb Res.
Heldner MR, Meisterernst J, Nemeth B, Meulendijks ER, Stam J, 2020;185:102-8.

Cannegieter SC, Coutinho JM. Risk of cerebral venous thrombosis in [30] Ehrmann DA. Polycystic ovary syndrome. N Engl J Med. 2005;352:
obese women. JAMA Neurol. 2016;73:579-84. 1223-36.

[15] Sugerman HJ, DeMaria EJ, Felton WL 3rd, Nakatsuka M, Sismanis A. [31] Lauritsen MP, Bentzen JG, Pinborg A, Loft A, Forman JL, Thuesen LL,
Increased intra-abdominal pressure and cardiac filling pressures in Cohen A, Hougaard DM, Nyboe Andersen A. The prevalence of
obesity-associated pseudotumor cerebri. Neurology. 1997;49: polycystic ovary syndrome in a normal population according to the
507-11. Rotterdam criteria versus revised criteria including anti-Mullerian

[16] Melis F, Vandenbrouke JP, Biiller HR, Colly LP, Bloemenkamp KWM. hormone. Hum Reprod. 2014;29:791-801.

Estimates of risk of venous thrombosis during pregnancy and pu- [32] Teede HJ, Tay CT, Laven JJE, Dokras A, Moran LJ, Piltonen TT,
erperium are not influenced by diagnostic suspicion and referral Costello MF, Boivin J, Redman LM, Boyle JA, Norman RJ, Mousa A,
basis. Am J Obstet Gynecol. 2004;191:825-9. Joham AE, International PCOS Network. Recommendations from

[17] Silvis SM, Lindgren E, Hiltunen S, Devasagayam S, Scheres LJ, the 2023 international evidence-based guideline for the assessment
Jood K, Zuurbier SM, Kleinig TJ, Silver FL, Mandell DM, and management of polycystic ovary syndrome. Eur J Endocrinol.
Middeldorp S, Putaala J, Cannegieter SC, Tatlisumak T, Coutinho JM. 2023;189:G43-64.

Postpartum period is a risk factor for cerebral venous thrombosis. [33] Manneras-Holm L, Baghaei F, Holm G, Janson PO, Ohlsson C,
Stroke. 2019;50:501-3. Lonn M, Stener-Victorin E. Coagulation and fibrinolytic disturbances

[18] Cantu-Brito C, Arauz A, Aburto Y, Barinagarrementeria F, Ruiz- in women with polycystic ovary syndrome. J Clin Endocrinol Metab.
Sandoval JL, Baizabal-Carvallo JF. Cerebrovascular complications 2011;96:1068-76.
during pregnancy and postpartum: clinical and prognosis observa- [34] Oral B, Mermi B, Dilek M, Alanoglu G, Sttcti R. Thrombin activatable
tions in 240 Hispanic women. Eur J Neurol. 2011;18:819-25. fibrinolysis inhibitor and other hemostatic parameters in patients

[19] Chambers DJ, Bhatia K, Columb M. Postpartum cerebral venous with polycystic ovary syndrome. Gynecol Endocrinol. 2009;25:110-6.
sinus thrombosis following obstetric neuraxial blockade: a literature [35] Karakurt F, Gumus II, Bavbek N, Kargili A, Koca C, Selcoki Y,
review with analysis of 58 case reports. Int J Obstet Anesth. 2022;49: Ozbek M, Kosar A, Akcay A. Increased thrombin-activatable fibri-
103218. https://doi.org/10.1016/}.ijoa.2021.103218 nolysis inhibitor antigen levels as a clue for prothrombotic state in

[20] Guner D, Tiftikcioglu Bl, Uludag IF, Oncel D, Zorlu Y. Dural puncture: polycystic ovary syndrome. Gynecol Endocrinol. 2008;24:491-7.
an overlooked cause of cerebral venous thrombosis. Acta Neurol Belg. [36] Glintborg D, Sidelman JJ, Altinok ML, Mumm H, Andersen M.
2015;115:53-7. Increased thrombin generation in women with polycystic ovary

[21] United Nations Department of Economic and Social Affairs, Popu- syndrome: a pilot study on the effect of metformin and oral con-
lation Division. World family planning 2022: meeting the changing traceptives. Metabolism. 2015;64:1272-8.
needs for family planning: contraceptive use by age and method. New [37] Aziz M, Sidelman JJ, Wissing MLM, Faber J, Skouby SO. Endogenous
York: United Nations Department of Economic and Social Affairs; thrombin potential in polycystic ovary syndrome: the association to
2022. body mass index, insulin resistance, and inflammation. Gynecol

[22] LaVasseur C, Neukam S, Kartika T, Samuelson Bannow B, Endocrinol. 2015;31:720-4.

Shatzel J, DelLoughery TG. Hormonal therapies and venous [38] Rajput R, Dhuan J, Agarwal S, Gahlaut PS. Central venous sinus
thrombosis: considerations for prevention and management. Res thrombosis in a young woman taking norethindrone acetate for
Pract Thromb Haemost. 2022;6:e12763. https://doi.org/10.1002/ dysfunctional uterine bleeding: case report and review of literature.
rth2.12763 J Obstet Gynaecol Can. 2008;30:680-3.

[23] Stegeman BH, de Bastos M, Rosendaal FR, van Hylckama Vlieg A, [39] Roman C, Ciprian R, Beldean L. Cerebral venous sinus thrombosis in
Helmerhorst FM, Stijnen T, Dekkers OM. Different combined oral a patient with polycystic ovary syndrome. Acta Endocrinologica (Buc).
contraceptives and the risk of venous thrombosis: systematic review 2010;VI:123-6.
and network meta-analysis. BMJ. 2013;347:f5298. https://doi.org/ [40] Shao Y, Gao X, Wang P, He X, Gen Y. Cerebral venous sinus
10.1136/bmj.f5298 thrombosis in a patient with polycystic ovary syndrome. Am J Med.

[24] Lidegaard @, Lgkkegaard E, Svendsen A, Agger C. Hormonal 2023;136:60-2.
contraception and risk of venous thromboembolism: national follow- [41] Levi M, Hunt BJ. Thrombosis and coagulopathy in COVID-19: an
up study. BMJ. 2009;339:b2890. https://doi.org/10.1136/bmj.b2890 illustrated review. Res Pract Thromb Haemost. 2020;4:744-51.

[25] van Hylckama Vlieg A, Helmerhorst FM, Vandenbroucke JP, [42] McCullough-Hicks ME, Halterman DJ, Anderson D, Cohen K,
Doggen CJ, Rosendaal FR. The venous thrombotic risk of oral con- Lakshminarayn K. High incidence and unique features of cerebral
traceptives, effects of oestrogen dose and progestogen type: results venous sinus thrombosis in hospitalized patients with COVID-19
of the MEGA case-control study. BMJ. 2009;339:b2921. https://doi. infection. Stroke. 2022;53:e407-10.
org/10.1136/bm;j.b2921 [43] Ohaeri C, Thomas DR, Salmon J, Cottrell S, Lyons J, Akbari A,

[26] Trenor CC 3rd, Chung RJ, Michelson AD, Neufeld EJ, Gordon CM, Lyons RA, Torabi F, Davies GG, Williams C. Comparative risk of

Laufer MR, Emans SJ. Hormonal contraception and thrombotic risk:
a multidisciplinary approach. Pediatrics. 2011;127:347-57.

cerebral venous sinus thrombosis (CVST) following COVID-19
vaccination or infection: a national cohort study using linked


http://refhub.elsevier.com/S1538-7836(24)00498-7/sref12
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref12
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref12
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref12
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref12
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref13
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref13
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref13
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref13
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref14
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref14
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref14
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref14
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref15
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref15
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref15
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref15
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref16
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref16
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref16
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref16
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref17
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref17
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref17
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref17
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref17
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref18
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref18
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref18
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref18
https://doi.org/10.1016/j.ijoa.2021.103218
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref20
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref20
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref20
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref21
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref21
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref21
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref21
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref21
https://doi.org/10.1002/rth2.12763
https://doi.org/10.1002/rth2.12763
https://doi.org/10.1136/bmj.f5298
https://doi.org/10.1136/bmj.f5298
https://doi.org/10.1136/bmj.b2890
https://doi.org/10.1136/bmj.b2921
https://doi.org/10.1136/bmj.b2921
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref26
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref26
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref26
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref27
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref27
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref27
https://doi.org/10.3389/fneur.2015.00007
https://doi.org/10.3389/fneur.2015.00007
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref29
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref29
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref29
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref29
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref30
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref30
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref31
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref31
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref31
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref31
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref31
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref32
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref32
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref32
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref32
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref32
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref32
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref33
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref33
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref33
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref33
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref34
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref34
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref34
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref34
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref35
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref35
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref35
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref35
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref36
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref36
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref36
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref36
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref37
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref37
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref37
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref37
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref38
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref38
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref38
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref38
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref39
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref39
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref39
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref40
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref40
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref40
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref41
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref41
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref42
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref42
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref42
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref42

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

DIX ano HUNT

electronic health records. Hum Vaccin Immunother. 2022;18:
2127572. https://doi.org/10.1080/21645515.2022.2127572

Mishra SC, Tyagi |, Gupta A, Sharma S, Tyagi L. Cerebral venous
sinus thrombosis complicating middle ear infections: a rare compli-
cation in post-antibiotic era. Cureus. 2021;13:e18964. https://doi.
org/10.7759/cureus. 18964

Ridgway JM, Parikh DA, Wright R, Holden P, Armstrong W,
Camilon F, Wong BJF. Lemierre syndrome: a pediatric case series
and review of literature. Am J Otolaryngol. 2010;31:38-45.

Pavord S, Scully M, Hunt BJ, Lester W, Bagot C, Craven B,
Rampotas A, Ambler G, Makris M. Clinical features of vaccine-
induced immune thrombocytopenia and thrombosis. N Engl J Med.
2021;385:1680-9.

Dix C, McFadyen J, Huang A, Chunilal S, Chen V, Tran H. Under-
standing vaccine-induced thrombotic thrombocytopenia (VITT).
Intern Med J. 2022;52:717-23.

Greinacher A, Warkentin TE. Thrombotic anti-PF4 immune disor-
ders: HIT, VITT, and beyond. Hematology Am Soc Hematol Educ Pro-
gram. 2023;2023:1-10.

Huynh A, Kelton JG, Arnold DM, Daka M, Nazy |. Antibody epitopes
in vaccine-induced immune thrombotic thrombocytopaenia. Nature.
2021;596:565-9.

Sanchez van Kammen M, Aguiar de Sousa D, Poli S, Cordonnier C,
Heldner MR, van de Munckhof A, Krzywicka K, van Haaps T,
Ciccone A, Middeldorp S, Levi MM, Kremer Hovinga JA, Silvis S,
Hiltunen S, Mansour M, Arauz A, Barboza MA, Field TS,
Tsivgoulis G, Nagel S, et al. Characteristics and outcomes of patients
with cerebral venous sinus thrombosis in SARS-CoV-2 vaccine-
induced immune thrombotic thrombocytopenia. JAMA Neurol.
2021;78:1314-23.

Scully M. VITT-like disorder HITs the headlines. Blood. 2023;142:
2229-30.

Warkentin TE, Baskin-Miller J, Raybould AL, Sheppard JI, Daka M,
Nazy I, Moll S. Adenovirus-associated thrombocytopenia, throm-
bosis, and VITT-like antibodies. N Engl J Med. 2023;389:574-7.
Schénborn L, Esteban O, Wesche J, Dobosz P, Broto M, Puig SR,
Fuhrmann J, Torres R, Serra J, Llevadot R, Palicio M, Wang JJ,
Gordon TP, Lindhoff-Last E, Hoffmann T, Alberio L, Langer F,
Boehme C, Biguzzi E, Grosse L, et al. Anti-PF4 immunothrombosis
without proximate heparin or adenovirus vector vaccine exposure.
Blood. 2023;142:2305-14.

Lauw MN, Barco S, Coutinho JM, Middeldorp S. Cerebral venous
thrombosis and thrombophilia: a systematic review and meta-anal-
ysis. Semin Thromb Hemost. 2013;39:913-27.

Alsaid Y, Gulab S, Bayoumi M, Baeesa S. Cerebral sinus venous
thrombosis due to asparaginase therapy. Case Rep Hematol.
2013;2013:841057. https://doi.org/10.1155/2013/841057

Injeyan M, Baron S, Lauzier B, Gaillard-Le Roux B, Denis M.
Hyperglycaemic hyperosmolar state and cerebral thrombophlebitis
in paediatrics: a case report. Endocrinol Diabetes Metab. 2023;6:e389.
https://doi.org/10.1002/edm2.389

Bassell JL, Swenson DW, Serrano-Gonzalez M, Topor LS. Cerebral
oedema and dural sinus thrombosis in an adolescent with diabetic
ketoacidosis. BMJ Case Rep. 2021;14:e241690. https://doi.org/10.
1136/bcr-2021-241690

Kalff H, Cario H, Holzhauer S. Iron deficiency anemia and thrombosis
risk in children—revisiting an old hypothesis. Front Pediatr. 2022;10:
926925. https://doi.org/10.3389/fped.2022.926925

Bibi A, Liyanapthirana C, Khan S. Rare presentation of iron defi-
ciency anaemia with cerebral venous sinus thrombosis in a middle-
aged woman. BMJ Case Rep. 2019;12. https://doi.org/10.1136/bcr-
2018-225851. bcr-2018-225851.

Ferro JM, Canhao P, Stam J, Bousser MG, Barinagarrementeria F,
Investigators ISCVT. Prognosis of cerebral vein and dural sinus

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

thrombosis: results of the International Study on Cerebral Vein and
Dural Sinus Thrombosis (ISCVT). Stroke. 2004;35:664-70.

Wasay M, Bakshi R, Bobustuc G, Kojan S, Sheikh Z, Dai A, Cheema Z.
Cerebral venous thrombosis: analysis of a multicenter cohort from
the United States. J Stroke Cerebrovasc Dis. 2008;17:49-54.

Girot M, Ferro JM, Canhao P, Stam J, Bousser MG,
Barinagarrementeria F, Leys D, ISCVT Investigators. Predictors of
outcome in patients with cerebral venous thrombosis and intrace-
rebral hemorrhage. Stroke. 2007;38:337-42.

Saposnik G, Barinagarrementeria F, Brown Jr RD, Bushnell CD,
Cucchiara B, Cushman M, deVeber G, Ferro JM, Tsai FY, American
Heart Association Stroke Council and the Council on Epidemiology
and Prevention. Diagnosis and management of cerebral venous
thrombosis: a statement for healthcare professionals from the
American Heart Association/American Stroke Association. Stroke.
2011;42:1158-92.

Leach JL, Fortuna RB, Jones BV, Gaskill-Shipley MF. Imaging of ce-
rebral venous thrombosis: current techniques, spectrum of findings,
and diagnostic pitfalls. Radiographics. 2006;26(Suppl 1):519-41. dis-
cussion S42.

Ford K, Sarwar M. Computed tomography of dural sinus thrombosis.
AJNR Am J Neuroradiol. 1981;2:539-43.

Coutinho JM, Ferro JM, Canhao P, Barinagarrementeria F, Cantu C,
Bousser MG, Stam J. Cerebral venous and sinus thrombosis in
women. Stroke. 2009;40:2356-61.

Saposnik G, Bushnell C, Coutinho JM, Field TS, Furie KL,
Galadanci N, Kam W, Kirkham FC, McNair ND, Singhal AB, Thijs V,
Yang VXD, American Heart Association Stroke Council, Council on
Cardiopulmonary, Critical Care, Perioperative and Resuscitation;
Council on Cardiovascular and Stroke Nursing; and Council on Hy-
pertension. Diagnosis and management of cerebral venous throm-
bosis: a scientific statement from the American Heart Association.
Stroke. 2024;55:e77-90.

Coutinho J, de Bruijn SF, Deveber G, Stam J. Anticoagulation for
cerebral venous sinus thrombosis. Cochrane Database Syst Rev.
2011;2011:CD002005.

Ferro JM, Bousser MG, Canhao P, Coutinho JM, Crassard I,
Dentali F, di Minno M, Maino A, Martinelli |, Masuhr F, de Sousa DA,
Stam J, European Stroke Organization. European Stroke Organiza-
tion guideline for the diagnosis and treatment of cerebral venous
thrombosis - endorsed by the European Academy of Neurology. Eur
Stroke J. 2017;2:195-221.

Misra UK, Kalita J, Chandra S, Kumar B, Bansal V. Low molecular
weight heparin versus unfractionated heparin in cerebral venous
sinus thrombosis: a randomized controlled trial. Eur J Neurol.
2012;19:1030-6.

Erkens PM, Prins MH. Fixed dose subcutaneous low molecular
weight heparins versus adjusted dose unfractionated heparin for
venous thromboembolism. Cochrane Database Syst Rev. 2010:
CD001100.

Coutinho JM, Zuurbier SM, Bousser MG, Ji X, Canhao P, Roos YB,
Crassard |, Nunes AP, Uyttenboogaart M, Chen J, Emmer BJ,
Roosendaal SD, Houdart E, Reekers JA, van den Berg R, de Haan RJ,
Majoie CB, Ferro JM, Stam J, TO-ACT investigators. Effect of
endovascular treatment with medical management vs standard care
on severe cerebral venous thrombosis: the TO-ACT randomized
clinical trial. JAMA Neurol. 2020;77:966-73.

Stam J, Majoie CBLM, van Delden OM, van Lienden KP, Reekers JA.
Endovascular thrombectomy and thrombolysis for severe cerebral
sinus thrombosis: a prospective study. Stroke. 2008;39:1487-90.
llyas A, Chen CJ, Raper DM, Ding D, Buell T, Mastorakos P, Liu KC.
Endovascular mechanical thrombectomy for cerebral venous sinus
thrombosis: a systematic review. J Neurointerv Surg. 2017;9:
1086-92.


https://doi.org/10.1080/21645515.2022.2127572
https://doi.org/10.7759/cureus.18964
https://doi.org/10.7759/cureus.18964
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref45
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref45
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref45
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref46
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref46
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref46
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref46
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref47
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref47
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref47
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref48
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref48
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref48
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref49
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref49
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref49
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref50
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref50
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref50
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref50
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref50
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref50
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref50
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref50
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref50
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref51
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref51
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref52
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref52
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref52
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref53
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref53
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref53
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref53
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref53
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref53
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref54
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref54
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref54
https://doi.org/10.1155/2013/841057
https://doi.org/10.1002/edm2.389
https://doi.org/10.1136/bcr-2021-241690
https://doi.org/10.1136/bcr-2021-241690
https://doi.org/10.3389/fped.2022.926925
https://doi.org/10.1136/bcr-2018-225851
https://doi.org/10.1136/bcr-2018-225851
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref60
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref60
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref60
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref60
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref60
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref61
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref61
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref61
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref62
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref62
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref62
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref62
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref62
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref63
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref63
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref63
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref63
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref63
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref63
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref63
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref64
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref64
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref64
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref64
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref65
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref65
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref66
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref66
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref66
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref66
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref67
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref67
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref67
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref67
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref67
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref67
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref67
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref67
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref68
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref68
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref68
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref69
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref69
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref69
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref69
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref69
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref69
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref69
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref70
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref70
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref70
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref70
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref71
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref71
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref71
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref71
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref72
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref72
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref72
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref72
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref72
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref72
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref72
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref72
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref73
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref73
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref73
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref74
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref74
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref74
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref74

DIX ano HUNT jﬂl | 9
[75] Avanali R, Gopalakrishnan MS, Devi BIl, Bhat DI, Shukla DP, [80] Bose G, Graveline J, Yogendrakumar V, Shorr R, Fergusson DA, Le
Shanbhag NC. Role of decompressive craniectomy in the manage- Gal G, Coutinho J, Mendonca M, Viana-Baptista M, Nagel S,
ment of cerebral venous sinus thrombosis. Front Neurol. 2019;10: Dowlatshahi D. Direct oral anticoagulants in treatment of cerebral
511. https://doi.org/10.3389/fneur.2019.00511 venous thrombosis: a systematic review. BMJ Open. 2021;11:
[76] AaronS, Ferreira JM, Coutinho JM, Canh3o P, Conforto AB, Arauz A, e040212. https://doi.org/10.1136/bmjopen-2020-040212
Carvalho M, Masjuan J, Sharma VK, Putaala J, Uyttenboogaart M, [81] Ferro JM, Coutinho JM, Dentali F, Kobayashi A, Alasheev A,
Werring DJ, Bazan R, Mohindra S, Weber J, Coert BA, Canhao P, Karpov D, Nagel S, Posthuma L, Roriz JM, Caria J,
Kirubakaran P, Sanchez van Kammen M, Singh P, Aguiar de Sousa D, Frassdorf M, Huisman H, Reilly P, Diener HC, RE-SPECT CVT
et al. Outcomes of decompressive surgery for patients with severe Study Group. Safety and efficacy of dabigatran etexilate vs
cerebral venous thrombosis: DECOMPRESS2 observational study. dose-adjusted warfarin in patients with cerebral venous
Stroke. 2024;55:1218-26. thrombosis: a randomized clinical trial. JAMA Neurol. 2019;76:
[77] Dentali F, Poli D, Scoditti U, Di Minno MN, De Stefano V, Siragusa S, 1457-65.
Kostal M, Palareti G, Sartori MT, Grandone E, Vedovati MC, [82] Yaghi S, Saldanha 1), Misquith C, Zaidat B, Shah A, Joudi K,
Ageno W, CErebral VEin Thrombosis International Study In- Persaud B, Abdul Khalek F, Shu L, de Havenon A, Mistry EA,
vestigators, Falanga A, Lerede T, Bianchi M, Testa S, Witt D, Bakradze E, Goldstein ED, Reagan J, Theodorou A, Palaiodimou L,
McCool K, Bucherini E, et al. Long-term outcomes of patients with Furie K, Field TS, Tsivgoulis G, Mac Grory B. Direct oral antico-
cerebral vein thrombosis: a multicenter study. J Thromb Haemost. agulants versus vitamin K antagonists in cerebral venous throm-
2012;10:1297-302. bosis: a systematic review and meta-analysis. Stroke. 2022;53:
[78] Martinelli I, Bucciarelli P, Passamonti SM, Battaglioli T, Previtali E, 3014-24.
Mannucci PM. Long-term evaluation of the risk of recurrence after [83] van de Munckhof A, Sanchez van Kammen M, Krzywicka K, Aaron S,
cerebral sinus-venous thrombosis. Circulation. 2010;121:2740-6. Aguiar de Sousa D, Antochi F, Arauz A, Barboza MA, Conforto AB,
[79] Ortel TL,Neumann I, Ageno W, Beyth R, Clark NP, Cuker A, Hutten BA, Dentali F, Galdames Contreras D, Ji X, Jood K, Heldner MR,

Jaff MR, ManjaV, Schulman S, Thurston C, Vedantham S, Verhamme P,
Witt DM, Florez ID, Izcovich A, Nieuwlaat R, Ross S, Schiinemann HJ,
Wiercioch W, et al. American Society of Hematology 2020 guidelines
for management of venous thromboembolism: treatment of deep vein
thrombosis and pulmonary embolism. Blood Adv. 2020;4:4693-738.

Hernandez-Pérez M, Kam W, Kleinig TJ, Kristoffersen ES, Leker RR,
Lemmens R, et al. Direct oral anticoagulants for the treatment of
cerebral venous thrombosis - a protocol of an international phase 1V
study. Front Neurol. 2023;14:1251581. https://doi.org/10.3389/
fneur.2023.1251581


https://doi.org/10.3389/fneur.2019.00511
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref76
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref76
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref76
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref76
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref76
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref76
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref76
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref76
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref77
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref77
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref77
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref77
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref77
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref77
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref77
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref78
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref78
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref78
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref79
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref79
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref79
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref79
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref79
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref79
https://doi.org/10.1136/bmjopen-2020-040212
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref81
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref81
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref81
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref81
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref81
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref81
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref81
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref81
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref82
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref82
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref82
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref82
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref82
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref82
http://refhub.elsevier.com/S1538-7836(24)00498-7/sref82
https://doi.org/10.3389/fneur.2023.1251581
https://doi.org/10.3389/fneur.2023.1251581

	The changing face of cerebral venous sinus thrombosis—emerging new causes and treatments
	1. Introduction
	2. Epidemiology
	3. Risk Factors
	3.1. Obesity
	3.2. Pregnancy
	3.3. COCs
	3.4. PCOS
	3.5. COVID-19 and other infections
	3.6. VITT
	3.7. Other risk factors

	4. Clinical Presentation
	5. Workup and Management
	5.1. Imaging
	5.2. Anticoagulation
	5.3. Endovascular therapies
	5.4. Decompressive craniectomy
	5.5. Long-term management and choice of anticoagulant

	6. Conclusion
	Author contributions
	Declaration of competing interests
	References


