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Purpose of review

This review intends fo systematize the diagnostic and treatment approach to cerebral venous thrombosis
(CVT), highlighting key studies that have been recently published.

Recent findings

In light of the recent pandemic, new risk factors for CVT have emerged. Contrastenhanced MRI and
susceptibility-weighted imaging have been shown to offer increased sensitivity for detecting cortical vein

thrombosis.

Dabigatran seems to be as effective and well tolerated as warfarin for long-term anticoagulation. Partial
venous recanalization often occurs in patients treated with anticoagulation only, as early as 8 days after
treatment onset. For patients with CVT and impending brain herniation, two-thirds of those who undergo
decompressive craniectomy survive, with one-third being functionally independent 6 months after diagnosis.

Summary

CVT is an unusual type of cerebrovascular disease that mostly affects women of fertile age. Risk factors
should be identified and addressed. Diagnosis relies on confirmation of venous sinus and/or vein
thrombosis, usually by CT venography or MRI. Anticoagulation is the cornerstone of treatment. Despite the
lack of high-quality evidence, endovascular treatment is often considered in severe cases. Special
populations require tailored approaches. About 80% achieve mRS O-1, but residual symptoms often affect

quality of life and the ability to return to work.
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Cerebral venous thrombosis (CVT) is a less common
type of cerebrovascular disease that predominantly
affects youngadults, especially women. Although itis
a form of stroke, it is fundamentally different from its
arterial counterpart, both in pathophysiology and
manifestations, and therefore also in management.
This review summarizes pathophysiology, diag-
nostic approach, and management of CVT patients,
highlighting recent findings in the field.

CVTisdefined as thrombosis of venous dural sinuses
and/or cerebral veins [1]. It has an average incidence
of 12 cases per million annually, with incidence
being higher in low-income to middle-income
countries [2,3].

Most epidemiological studies have reported a
higher incidence of CVT in women of fertile age (three
female individuals: 1 male individual) [4]. However,
recent studies with smaller cohorts have reported a
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shift in this tendency to a more balanced sex ratio, due
to reasons that are not completely understood [2,5].

Similar to venous thrombosis in other organs, the
etiopathogenesis of CVT may be explained by the
interplay of Virchow’s triad factors (blood hyper-
coagulability, endothelial damage and disturbances
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KEY POINTS

o With the recent pandemic, new risk factors for CVT
have emerged, namely COVID-19 and vaccine-induced
thrombotic thrombocytopenia.

o Diagnosis is based on imaging confirmation of venous
sinus and/or vein thrombosis using CT venography or
MRI (contrastenhanced MRI and susceptibility-weighted
imaging have increased sensitivity to detect cortical
vein thrombosis).

o The gold-standard treatment involves parenteral
anticoagulation (preferentially low-molecular-weight
heparin) followed by oral anticoagulation (direct oral
anticoagulants or vitamin K antagonists) during 3—
12 months when a transient or no risk factor is
identified, or indefinitely if a permanent condition
associated with high thrombotic risk is present.

o Decompressive hemicraniectomy is recommended if
there is impending herniation, and endovascular
treatment may be considered in severe cases,
especially as a rescue intervention when there is
clinical/imaging progression despite best
medical management.

e Treatment should be customized to specific populations,
particularly pediatric patients and during pregnancy/
puerperium.

in blood flow) [6]. Depending on the underlying risk
factors for CVT in an individual patient, one com-
ponent of the triad will be preponderant over the
others. Although the vast majority of CVT cases
occur in the setting of hypercoagulability, it is rel-
evant to understand the remaining mechanisms of
thrombus formation, considering their specific
implications in treatment approach [7]. Figure 1
summarizes the more common risk factors.

Hypercoagulability

Hypercoagulability may be due to a temporary state,
such as pregnancy or infection; a modifiable factor,
namely oral contraceptive intake or, in some cases,
neoplasia; and lastly, a permanent condition, like
genetic or acquired prothrombotic disorders [4,7].
In recent years, new associations emerged with
the COVID-19 pandemic, specifically with the infec-
tion itself [8,9] and with vector-based vaccines [10].
Vaccine-induced thrombotic thrombocytopenia
(VITT) constitutes a rare complication after ChA-
dOx1 nCov-19 and Ad26.COV2.S vaccines [10,11].
Although it appears to share a similar pathophysiol-
ogy with heparin-induced thrombocytopenia (HIT),
approximately 50% of VITT cases present with CVT, a
manifestation that is rare in HIT [11].

1350-7540 Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.

Endothelial damage

Less frequently, CVT occurs as a result of endothelial
damage, which may be direct, in cases of head
trauma [4,12] and neurosurgical procedures [7], or
indirect, through inflammatory endothelial activa-
tion. Although it has become a rare complication
since the widespread use of antibiotics, otomastoi-
ditis, cutaneous infections and dental infections can
disseminate to the dural sinuses [4,13]. Intracranial
infection can also complicate with CVT [14,15].

Alterations in blood flow

CVT as a result of disturbances in blood flow is even
less frequent. Lesions molding/compressing the
dural sinuses, namely neoplasms, can cause turbu-
lent flow. Also, intracranial hypotension, either
spontaneous or iatrogenic, produces a downward
deviation of the brain, with consequent traction
of the venous system, which causes altered blood
flow and vessel wall damage [16-19]. Lastly, dural
arteriovenous fistulas (dAVF) have been described in
the literature as both cause and consequence of
CVT. Retrospective studies have shown a prevalence
of 2.6-39% of dAVF in CVT patients, either diag-
nosed simultaneously or after CVT [20,21]. This
seems to be higher than the prevalence in the gen-
eral population (0.6%) [22], but it remains unclear
whether a causative link exists, and, if so, which
condition precedes the other.

Two primary mechanisms appear to be involved in
the pathophysiology of CVT. On one hand, obstruc-
tion of the venous system hinders cerebrospinal
fluid absorption, contributing to increased intracra-
nial pressure [18]. On the other, thrombosis
obstructs blood drainage, leading to increased
venous and capillary pressure, which causes disrup-
tion of the blood-brain barrier [18]. This results in
vasogenic edema and, later, in venous infarction
and hemorrhagic lesions [18].

These mechanisms help explain the three main
clinical syndromes that accompany CVT: intracra-
nial hypertension syndrome (because of decrease in
cerebrospinal fluid absorption), focal syndrome
(because of parenchymal lesions), and encephalop-
athy (which may be because of the combination of
both mechanisms or because of strategic lesions,
namely involvement of both thalami) [4,23].

Intracranial hypertension manifests as head-
ache (90% of patients), which may vary in intensity,
location and characteristics [4], nausea and vomit-
ing, transient or permanent visual loss (13-27%),
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FIGURE 1. Virchow’s Triad in cerebral venous thrombosis. Schematic diagram of Virchow’s Triad depicting preponderant
mechanism of CVT development according to risk factor. CVT, cerebral venous thrombosis.

papilledema, diplopia (6-14%), and other cranial
neuropathies (6-11%) [8,25,26]. 20-40% of patients
present with seizures and 20-50% with focal neuro-
logical deficits, which vary according to parenchy-
mal lesion topography [4,24-27]. Encephalopathy,
ranging from confusion to coma, constitutes a more
severe manifestation, which occurs in up to 20% of
cases [4,24-26]. Clinical presentation is usually
insidious (symptoms may manifest weeks prior to
diagnosis), but a minority of cases exhibit an acute
onset. Furthermore, about 25% of patients experi-
ence neurological deterioration in the acute phase
of CVT [4,24-26]. Figure 2 synthetizes pathophysi-
ology and clinical presentation.

NEUROIMAGING, DIAGNOSIS AND INITIAL
FOLLOW-UP

Diagnosis

Diagnosis of CVT is based on clinical presentation and
imaging features, namely direct visualization of
thrombus, absence of venous filling, parenchymal

20 www.co-neurology.com

consequences of venous obstruction and other vascu-
lar changes, such as increased collateral circulation [1].

Venous system imaging

CT is usually the initial examination. Plain CT may
show spontaneous hyperdensity of the venous
sinuses or cortical veins (present in the first 7-
14 days after symptom onset), corresponding to
thrombus [28]. CT venography reveals filling defects
at sites of sinus obstruction, and an ‘empty delta
sign’ may be observed in cases of superior sagittal
sinus (SSS) thrombosis [29].

Although MRI exhibits greater sensitivity for
detection of parenchymal lesions [30], both CT
venography and MRI display similar sensitivity
and specificity for identification of venous sinus
thrombus [1,31]. Nevertheless, MRI is more sensitive
for detecting cortical vein thrombosis [32].

If MRI is performed, gadolinium-contrasted
sequences are preferred [33]. For diagnosis of cortical
vein thrombosis, contrast-enhanced sequences and
susceptibility-weighted imaging (SWI) are the best
techniques [32,34].
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FIGURE 2. Pathophysiology of cerebral venous thrombosis. (a) Venous system obstruction because of thrombus hinders
cerebrospinal fluid (CSF) absorption, either by direct drainage obstruction or, indirectly, because of increased venous pressure.
This results in an increase in CSF pressure, which clinically presents as an intracranial hypertension syndrome (headache,
nauseaq, visual loss, etc.). (b) The increase in venous pressure causes endothelial dysfunction and eventually blood-brain
barrier (BBB) disruption, with consequent brain vasogenic edema. Simultaneously, there is brain tissue energy failure, which
results in failure of sodium/potassium pumps and consequent cytotoxic edema. (c) As disease progresses, venous pressure and
endothelial damage aggravate, ultimately resulting in parenchymal hemorrhage. (b and ¢) Brain lesions may manifest as
seizures and focal neurological deficits. (d) The combination of these disease mechanisms eventually culminates in
development of encephalopathy, when dysfunction becomes generalized. Strategic lesions involving both thalami may also

result in encephalopathy.

When contrast is contraindicated, magnetic res-
onance (MR) venography may be executed using
phase-contrast or time-of-flight (TOF) techniques.
Both present distinct advantages and disadvantages.
Phase-contrast requires the use of a predefined
velocity of the encoding parameter, which should
be defined as 5-10 cm/s to visualize veins, and has a
longer acquisition time. TOF is more susceptible to
artifacts and is T1-weighted, which may result in
false-negative results in the acute phase of CVT
(when thrombus exhibits hyperintense signal on

1350-7540 Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.

T1, mimicking a normal filling sinus). Therefore,
choice of protocol should rely on the experience of
each center with its own MR equipment.

Itis also useful to note that with time, the T1 and
T2 signals of a thrombus evolves similarly to that of
brain hematomas, which may assist in determining
the chronology of the thrombus.

Parenchymal and other abnormalities

CVT patients may present with a wide spectrum of
imaging abnormalities, ranging from parenchymal
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lesions to extra-axial hemorrhage (mostly subarach-
noid), and also including indirect signs, such as
venous congestion and imaging changes because
of intracranial hypertension [1,4,34]. The ‘brush’
sign corresponds to abnormally hypointense sube-
pendymal and medullary veins on T2x/SWI, usually
ipsilateral to parenchymal brain lesions [35]. It is a
nonspecific sign that reflects increased collateral
circulation or increased oxygen extraction fraction.

Parenchymal lesions are apparent in 50-60% of
patients and may be classified as nonhemorrhagic
and hemorrhagic [4]. In most cases, nonhemorrha-
gic lesions are characterized by vasogenic edema,
displaying hypodensity on CT, and hyperintensity
on T2/T2 FLAIR and ADC maps. Lesion topography
coincides with the affected territory of venous drain-
age [36]. However, anatomic variability in the cer-
ebral venous system is common, so correspondence
with venous territories available in the literature
may not be accurate [37]. In about 20% of cases,
lesions exhibit diffusion restriction (low ADC signal)
[38]. In contrast with arterial stroke, lesions showing
restricted diffusion are often reversible in CVT, and

therefore may not represent true venous infarction
(i.e. with long-term tissue sequela) [38,39].

Hemorrhagic lesions may be lobar or involve
subcortical structures, depending on thrombosis
topography [4]. Juxtacortical C-shaped lobar hem-
orthages in the parasagittal frontal and parietal
lobes, also described as the ‘cashew nut’ sign, are
highly specific for CVT, especially when involving
the SSS [40].

Table 1 and Fig. 3 summarize some neuroimag-
ing abnormalities that help in the diagnosis.

Initial follow-up

In some patients, parenchymal lesions tend to prog-
ress, increasing in size or with development of new
lesions, whilst in others, lesions stabilize or even
regress. Early recanalization of previously obstructed
sinuses/veins appears to be a predictor of nonhemor-
rhagic parenchymal lesion improvement, as well as
lower risk of worsening [38]. Larger sample size assess-
ment by meta-analysis suggests better long-term
functional outcome in patients achieving venous

Table 1. Neuroimaging clues for cerebral venous thrombosis diagnosis

Direct visualization of thrombus

Absence of venous filling

Consequences of venous obstruction

CT Spontaneous hyperdensity of venous

Filling defects at sites of venous

Cortical or cortico-subcortical areas of

MRI

sinuses and cortical veins on plain CT

Thrombus signal evolves overtime in a

similar fashion to hematomas:

- acute (1-7 days): isointense on T1,
iso/hypointense on T2/T2 FLAIR,
blooming on T2x/SWI

- subacute (7 days to 1 month):
hyperintense on T1 and T2/T2 FLAIR,
hyperintense on T2x/SWI

- chronic (>1 month): isointense on T1,
moderately hyperintense on T2/T2
FLAIR, hypointense on T2x/SWI

obstruction
+ ‘Empty delta’ sign in cases of
superior sagittal sinus thrombosis

Gadolinium-contrasted sequences are
preferred.

If contrast is contra-indicated consider
venography using PC or TOF,
depending on equipment and center
experience.

Contrast-enhanced sequences and
SWI are recommended for cortical
vein thrombosis diagnosis

hypodensity that do not correspond
to arterial territories

Lobar hemorrhages (central pattern is
also possible)

* ‘Cashew nut’ sign (juxtacortical
C-shaped hemorrhages)

Extra-axial hemorrhage (subarachnoid
is more common, but subdural is
also possible)

Parenchymal lesions
Hemorrhagic lesions

Nonhemorrhagic lesions

- Usually vasogenic edema (with
facilitated diffusion — high ADC
signal);

- cytotoxic edema (low ADC signal)
is less common. It is fully reversible
in 66% of cases.

Extra-axial hemorrhages

Indirect signs
- Signs of intracranial hypertension
- Venous congestion and ectasia

* ‘Brush’ sign (abnormally T2x/SWI
hypointense subependymal and
perimedullary veins)

Summarization of neuroimaging clues for cerebral venous thrombosis diagnosis, categorized as direct visualization of thrombus, absence of venous filling and
consequences of venous obstruction. CT, computed tomography; PC, phase-contrast; SWI, susceptibility-weighted imaging; TOF, time-offlight.
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DIRECT VISUALIZATION OF THROMBUS ABSENCE OF VENOUS FILLING CONSEQUENCES OF VENOUS OBSTRUCTION

Imaging abnormalities in cerebral venous thrombosis. Summary of possible imaging abnormalities in CVT
categorized as direct visualization of thrombus, absence of venous filling, and consequences of venous obstruction. The first
case depicts (a) spontaneous hyperdensity of the SSS (arrow) and cortical veins (small arrows) on plain CT; (b) absence of
superior sagittal sinus flow in a 3D PC sequence; (c) left lobar frontal hemorrhages, with the appearance of the ‘cashew nut’
sign (arrow), as well as subarachnoid hemorrhage (small arrow) on plain CT, T2 FLAIR and SWI. The second case illustrates
thrombosis of the straight sinus, internal cerebral veins and right basal vein of Rosenthal, evidenced by (d) ‘blooming’ on T2x
and (e) absence of filling in a 3D PC sequence; (f) T2 FLAIR revealed vasogenic edema of thalami, mesencephalon and right
temporo-mesial region. A hematoma centered in the right thalamus may also be appreciated on T2x (small arrow). The third
case is an example of hyperacute/acute thrombosis, with (g) isointense T1, iso/hyperintense T2 and hyperintense T2 FLAIR
signal of the SSS. (h) CT venography highlights the ‘empty delta’ sign and MR venography using gadolinium shows absence
of filling of the superior sagittal and straight sinuses. (i) MRI revealed cortical thickening of the entire right hemisphere on T2
FLAR (due to vasogenic edema) and restricted diffusion lesions of the subcortical white matter of the convexity of the right
hemisphere. Lastly, the fourth case shows extensive cerebral venous thrombosis, depicted on a 3D TOF sequence (k), only
sparing the right lateral and sigmoid sinuses. This may also be appreciated (j) in the coronal T2 images, where ‘flow void’ is
seen on the right, indicating sinus patency, and hyperintensity is apparent on the left lateral sinus (), signaling the presence of
thrombus. (j) There is ‘blooming’ of the straight sinus and internal cerebral veins on SWI. (I} SWI also shows global venous
congestion and ‘blooming’ of subependymal veins (), probably because of extension of thrombosis. T2 FLAIR reveals
vasogenic edema in both thalami (predominantly on the leff) and bilateral hemispheric subdural collections. CT, computed
tomography; CVT, cerebral venous thrombosis; MR, magnetic resonance; PC, phase-contrast; SSS, superior sagittal sinus;
SWI, susceptibility-weighted imaging; TOF, time-offlight.
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recanalization, as well as lower risk of chronic head-
ache and CVT recurrence [41,42%]. There is no con-
sensusregarding timing and ideal method to evaluate
recanalization. Nonetheless, this information seems
promising as a marker of prognosis and possible
surrogate endpoint for new therapies.

Anticoagulation is the gold-standard of CVT treat-
ment [43,44%]. Notably, the presence of parenchymal
hemorrhage does not contraindicate anticoagulation
[43,435]. Parenteral anticoagulation with low-molec-
ular-weight heparin (LMWH) is preferred in the acute
phase, as opposed to unfractionated heparin [41,42"].
The SECRET trial explored the possibility of using
direct oral anticoagulants (DOACs; rivaroxaban)
immediately after diagnosis, but almost all patients
were pretreated with parenteral anticoagulation for a
median of 4days before randomization [46]. The
timing of transition to oral anticoagulation is not
clearly defined, but usually it is undertaken 5-15 days
after beginning of parenteral anticoagulation, in clin-
ically stable patients [47]. Shorter periods of paren-
teral anticoagulation may be reasonable, but
additional investigation is required [47].

The evidence supporting the management of
patients with severe clinical presentations is less
well established.

Decompressive craniectomy should be per-
formed in patients with impending herniation.
The prospective study ‘DECOMPRESS-2" confirmed
that two-thirds of patients with severe CVT treated
with decompressive surgery survived, and more
than one-third was independent after 1 year. Impor-
tantly, among survivors, surgery was judged as
worthwhile by four out of five patients and care-
givers [48,49".

Endovascular therapy appears to be a promising
treatment to facilitate early venous recanalization.
However, the only randomized controlled trial that
has been conducted (TO-ACT trial) was stopped
prematurely and reported neutral results [SO]. How-
ever, this result may still be a reflection of insuffi-
ciently refined selection criteria and treatment
protocols. In light of existing data, endovascular
reperfusion therapy is usually reserved for highly
selected cases.

Etiopathogenesis-guided management

Management of CVT should not only focus on pro-
moting recanalization and preventing thrombus
propagation but should simultaneously address the
risk factors underlying thrombosis. For example, if
CVT occursin the context of a systemicinflammatory

24 www.co-neurology.com

disease, such as Lupus or Behget’s disease, treatment
with corticoids may be warranted [51,52]. Neverthe-
less, given its rarity and different mechanisms, cases
of CVT mainly related with direct endothelial dam-
age and alterations in blood flow have mostly been
excluded from clinical trials. Therefore, evidence in
these cases is scarce.

The safety of anticoagulation in cases of head or
neck infection is controversial. Intracerebral hem-
orrhage is a known complication of bacterial men-
ingitis (1.9-2.8%), especially in patients under
anticoagulation [53,54]. Some small cohort studies
of CVT patients with intracranial infections
reported no hemorrhagic complications in those
receiving anticoagulation [55,56]. Additionally, an
International Study on Cerebral Vein and Dural
Sinus Thrombosis (ISCVT) sub-analysis found no
significant differences in new intracerebral hemor-
rhage or functional outcomes between patients with
head or neck infections receiving and not receiving
anticoagulation [57]. Physicians often administer
anticoagulation to these patients, but evidence
remains insufficient to draw conclusions.

In the remaining cases where evidence is lack-
ing, treatment decisions are made on a case-by-
case basis.

Recent studies have shown that the efficacy of
DOACs in preventing recurrent venous throm-
boembolism is similar to warfarin (VKA) in most
populations [26,46,47,58]. Furthermore, DOACs
present a trend towards lower risk of serious hem-
orrhagic complications (especially intracerebral) in
some studies (RE-SPECT CVT and ACTION-CVT)
[26,47]. A systematic review found no differences
between DOACs and VKA regarding efficacy and
complications [59%]. Nonetheless, rivaroxaban was
more frequently associated with hemorrhagic
events compared with VKA in the pilot phase of
the SECRET trial [46]. In a total of 55 participants, by
day 180, there was one recurrent CVT [3.8%; 95%
confidence interval (95% CI) 0.1-19.6%], one symp-
tomatic intracerebral hemorrhage [3.8%; 95% CI
0.1-19.6%), and two clinically relevant nonmajor
bleeding events (7.7%; 95% CI 0.9-25.1%), all
within the rivaroxaban group. In contrast, the con-
trol group (standard therapy) had no VTE recurrence
or bleeding events. The ongoing prospective study
DOAC-CVT will contribute to the growing body of
evidence on this topic [60].

Regarding duration of anticoagulation, current
guidelines recommend 3-12 months of oral antico-
agulation in cases where transitory risk factors are
identified and indefinitely when there are chronic

Volume 38 o Number 1 o February 2025
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major risk factors [43,44"]. The ongoing ExCOA-
CVT study is comparing short-term (3-6 months)
versus long-term (12months) anticoagulation for
prevention of venous thromboembolic events and
results should be expected soon [61].

Also noteworthy, there is evidence suggesting
that aspirin treatment after discontinuation of anti-
coagulation in cases of venous thromboembolism
reduces the risk of recurrent events, without signifi-
cant complications [62,63]. There are no studies
investigating the use of antiplatelet agents specifi-
cally in CVT. Therefore, their potential benefits
should be evaluated on an individual basis.

Considering the increased risk of CVT in
patients using oral contraceptives, it is important
to address whether these should be discontinued
after CVT. Presently, there are no studies on the risk

of recurrent thrombotic events specifically in
patients with history of CVT who continue using
oral contraceptives. However, research in patients
with history of other thromboembolic events dem-
onstrated no increased risk of recurrency in women
under anticoagulation and oral contraceptives [64],
but the risk increased greatly after discontinuation
of anticoagulation [65]. Current CVT management
guidelines advise against the use of oral contracep-
tives after CVT [43].

Figure 4 proposes an algorithm for diagnostic
and treatment approach.

CVT leads to death or functional dependency in
approximately 15% of cases, despite optimal therapy

+ Focal Syndrome
* Encephalopathy Syndrome

}

BRAIN AND VENOUS SYSTEM IMAGING

OR

CLINICAL PRESENTATION COMPATIBLE WITH CVT

* Isolated Intracranial Hypertension Syndrome

Plain CT and CT venography

MRl including venography

ETIOLOGICAL EVALUATION AND
ETIOPATHOGENESIS-GUIDED MANAGEMENT
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+ Temporary: pregnancy and puerperium,
systemic infections, head trauma,

S ized MRI pr intracranial/head and neck infections,
- For parenchymal assessment: T1, T2, T2 FLAIR, iatrogenesis.
DWI/ADC and SWI. + Modifiable: oral contraceptives, hormone

- For sinus assessment: gadolinium-contrasted
sequences are preferred; if contrast is contra-
indicated » PC sequence (V.. =5-10 cm/s).

- For cortical veins assessment: use SWI and

replacement therapy, dehydration,
anemia.

+ Permanent: thrombophilia, malignancy,
systemic inflammatory disease, etc.

contrast-enhanced sequences.

No EVIDENCE OF CVT

Consider alternative hypotheses
y

CLINICAL/IMAGING STABILITY

Transition to oral anticoagulation (DOAC or VKA) in clinically
stable patients.

Total duration of anticoagulation:
* 3-12months if transitory risk factos;
« Indefinetely if chronic major risk factors.

CVT DIAGNOSIS CONFIRMATION =)y

AcCUTE PHASE TREATMENT
Subcutaneous Low Molecular Weight Heparin

If midline shift orimpending herniation > consider decompressive

Address risk factors when possible, e.g.:

+ Suspension of drugs that may trigger CVT;

+ Treatment of systemic inflammatory
diseases with corticosteroids when
applicable;

+ Treatment of infections.

Take into account particularities of

i Lation tr in certain
populations (for example, during pregnancy
and puerperium).

CLINICAL/IMAGING PROGRESSION

Consider endovascular therapy in selected severe cases.

hemicraniectomy.

Algorithm for cerebral venous thrombosis management. Summarized approach to diagnosis and treatment of CVT.

Vene, velocity encoding.
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[4]. Older age, male sex, mental status alteration,
intracerebral hemorrhage, thrombosis of the deep
venous system, central nervous system infection
and comorbidities such as cancer are predictors of
poor prognosis [4,66].

Moreover, about 50% of patients are unable to
return to work in the first year after diagnosis, and
about 30% in the following 10years [67-69]. This
may be related to the presence of residual symp-
toms, such as headache, seizures, neuropsycholog-
ical difficulties and depression. About 50% of
patients report headache during follow-up, with
approximately 14% suffering from severe headaches
that require bed rest or hospital admission [4]. Addi-
tionally, up to 10% of patients experience seizures
after the acute phase of CVT [4,70]. Also, post-CVT
cognitive impairment occurs in about one-third of
cases [68-70]. All of these contribute to a decrease in
quality of life.

In previous studies, the risk of recurrent cerebral
venous thrombosis has been estimated as 2-3% and
of other thrombotic events as 3-18% [25,71-74].
Patients with other comorbidities, such as malig-
nancy and thrombophilias, with prior thrombotic
events or in cases where no risk factor was identified
are at a higher risk for recurrence [25,71,74,75].

Pregnancy and puerperium

Between 8 and 58% of CVT cases in women are
linked to pregnancy or the postpartum period
[76], with 80% of these occurring after delivery [77"].
Treatment of CVT in this period involves specific
considerations. Both DOACs and VKAs are contra-
indicated during pregnancy, so treatment must rely
on LMWH [43,44",77%,78]. During breastfeeding,
warfarin and LMWH are considered safe [43,44"].
Women with prior venous thromboembolism
are at a higher risk of thrombotic events in future
pregnancies [81%,82]. Nonetheless, CVT does not
contraindicate pregnancy [77%,78,79]. Prophylaxis
with LMWH should be considered in future preg-
nancies and postpartum period [79,80,81".

Pediatric population

In the pediatric population, CVT is more prevalent
in neonates compared with other age groups [82].
Diagnosis should be suspected in patients with a
compatible clinical presentation and typical con-
text, such as systemic or head and neck infection,
trauma and dehydration.

Acute treatment involves LMWH or unfractio-
nated heparin. Regarding oral anticoagulation after
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the acute phase, the EINSTEIN-Jr trial showed that
rivaroxaban is noninferior to standard anticoagula-
tion (continued heparin or switch to oral VKA) in
terms of prevention of venous thrombotic events
[83]. Also, patients in the rivaroxaban arm had less
serious hemorrhagic events. The Kids-DOTT trial
concluded that 6 weeks of anticoagulation was non-
inferior to 3 months for recurrent thrombotic events
and complications [84"].

Cerebral venous thrombosis after anti-
SARS-CoV-2 vaccination

Although evidence is still scarce, current recommen-
dations suggest that if a patient presents with CVT
and thrombocytopenia after anti-SARS-CoV-2 vac-
cination, a PF4 Antibody ELISA test should be per-
formed to confirm VITT [85]. If VITT is suspected or
confirmed, nonheparin anticoagulants are pre-
ferred, platelet transfusions should be avoided and
early start of intravenous immunoglobulins is war-
ranted [85].

Advancements in imaging and treatment strategies
have improved CVT management over the last
years. Nevertheless, many challenges need to be
addressed to achieve a more personalized approach
to CVT. Future research should focus on refining
selection criteria for existing treatments, as well as
identifying new therapeutic options. Continued
advancements are necessary not only to reduce
mortality and morbidity but also for recognizing
and addressing residual symptoms that may signifi-
cantly impact quality of life.
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