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Management of a Patient with a Venous Sinus 1

Epidemiology

Cerebral venous sinus thrombosis (CVST) is a serious and potentially
life-threatening condition caused by partial or complete occlusion of one or
more of the veins in the cerebral venous drainage system. It has a mean age of
onset of 33 years, and two-thirds of cases occur in females <55 years of age
(partly explained by the association with pregnancy). In those over 55, the male:
female ratio is 1:1.'

Cerebral venous sinus thrombosis is often missed or delayed as a diagnosis
due to it frequently mimicking other acute neurological conditions, with the
slow growth of thrombus and recruitment of collateral supply accounting for an
often slow and progressive history. However, it has a generally favourable
prognosis if detected and managed early, with ~75% of patients achieving
complete functional recovery. If diagnosis is delayed, around 15% of patients
will die or be left dependent.'™

Cerebral venous sinus thrombosis is thought to represent 0.5-1% of all
unselected acute stroke admissions, with an annual recurrence rate of 2-7%
and a risk of other VTE of 4-7% per year.'

About 85% of patients with CVST have at least one associated risk factor,
which may affect blood stasis, the vessel wall or blood composition (Virchow’s
triad). The most frequently identified risk factors are the following:*~

» Combined oral contraceptive pill use (COCP)

» Pregnancy and the Puerperium (risk greatest with the latter)

* Genetic or Acquired prothrombotic conditions (e.g. Factor V Leiden, prothrom-
bin gene mutation, antithrombin deficiency, Protein C and S deficiencies and
antiphospholipid syndrome).

Other associated risk factors are the following:

* Infections (ears, sinuses, mouth, face and neck)

» Malignancy (accounts for ~25% of CVST in patients >55 years)

* Head injury (causing direct trauma to venous structures)

 Inflammatory diseases (e.g. systemic lupus erythematosus, Behcets, granu-
lomatosis with polyangiitis, inflammatory bowel disease and sarcoidosis)

* Obesity

* Iron deficient anaemia

e Haematological  disorders  (especially  myeloproliferative  disorders
associated with JAK2 mutations, paroxysmal nocturnal haemoglobinuria and
haemoglobinopathies)

* latrogenic — especially during retrosigmoid or petrosal approaches to the
cerebellopontine angle.
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Clinical Presentation

Clinical symptoms in CVST are usually due to elevated intracranial pressure or
focal brain injury from venous infarction (with or without haemorrhage). The
latter process occurs because venous obstruction causes elevation in venous
pressure, which leads to vasogenic oedema, decreased cerebral perfusion pres-
sure and decreased cerebral blood flow with subsequent tissue infarction. These
changes are usually initially compensated for with venous dilatation and recruit-
ment of collateral supplies, which explains why symptoms may be insidious.

The exact clinical presentation depends on the size and location of the CVST
and the extent of parenchymal injury due to venous infarction and haemorrhage.

About 90% of patients will present with a headache, which is usually non-
specific in nature — with a progressive course over hours to days.” In 25% of
cases headache may be the only clinical symptom reported.” Red flags for
CVST in patients presenting with a new headache are persistence despite
regular analgesia, symptoms of raised intracranial pressure, papilloedema and
presence of risk factors for CVST.

Other common clinical symptoms and signs are as follows:'

» Focal or generalised seizures (in up to 40%)

* Focal neurology — usually not as sudden onset as with acute arterial stroke
» Reduced consciousness or coma

* Visual impairment

* Cranial nerve palsies.

Stroke-like symptoms occur in up to 40% of patients with CVST, with motor
symptoms being the most common, followed by visual symptoms, aphasia and
least commonly sensory disturbance.”* Symptoms are often of less abrupt
onset, and imaging shows infarction not discrete to a single arterial territory.
The most common location for a CVST is in the superior sagittal sinus
(~60%), with the transverse sinus being the next most common location. '

Use of Appropriate Investigation

Urgent neuroimaging is indicated when CVST is suspected as a possible diag-
nosis, and maintaining a high index of suspicion is needed in order to ensure
both that cases are not missed and that patients receive timely investigation. The
most commonly accessible initial investigation is a non-contrast CT head scan,
which is usually followed by a CT venogram (CTV).

Up to 30% of initial non-contrast CT scans may be normal; however, clot may
be visible, appearing as a hyperdense triangle within the venous sinus”°
(Figure 1). This finding is often termed the ‘dense triangle’ or ‘delta’ sign. In
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Figure 1 Acute left transverse sinus thrombosis on plain CT

addition, CT may show evidence of infarction, distinct from classical arterial
infarction by appearing not to fit a single arterial territory, and also often with
a prominent haemorrhagic component, being consistent with a venous infarc-
tion (Figure 2).

Either CT or MR venography can be used to confirm the presence of
thrombus. The CTV is more easily accessible and rapid, meaning that it is
often performed in preference to MRV. It has a sensitivity of 95% and specificity
of 91% for CVST,” but there is the potential for false positives as a result of
anatomical variations with hypoplastic sinuses and arachnoid granulations. The
CTV also has low sensitivity for small thromboses and small parenchymal
lesions.

Typical findings on CTV are as follows:

* Sinus or vein hyperdensity with absence of flow in thrombosed sinuses

* Empty delta sign — contrast outlines a triangular filling defect (due to throm-
bus) in the superior sagittal sinus, making it looks like a delta sign

e Cord sign — cord-like high attenuation within a dural venous sinus, most
commonly the transverse sinus.

MRI is the most sensitive non-invasive imaging modality for detecting thrombus so
long as blood sensitive sequences are performed. MR Venogram (MRV) provides
time of flight and flow imaging, rather than luminal imaging like CTV. The
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Figure 2 Flame shaped haemorrhage with surrounding oedema and venous
infarction

appearance of thrombus on MRI sequences changes over time, so while this can
help towards the ageing of the thrombus, it can also complicate interpretation.

» Up to one week: thromboses are isointense on T1 and hypointense on T2
imaging

» At one to two weeks: Thromboses are hyperintense on T1 and T2 sequences

* At more than two weeks: Thrombosis appearance can be variable on T1 and
T2 sequences but is hypointense on GRE and SWI imaging

* Thromboses are often hyperintense on DWI sequences

* Venous wall enhancement can often be seen.

MRI and MRV have benefits for some patients as they involve no ionising
radiation and intravenous contrast is not needed. They have much better sensi-
tivity for detection of small parenchymal lesions and small thromboses, but are
much more time-consuming, often resulting in motion artefact as they are less
well tolerated by patients. MRI is less readily available in many places than CT
imaging and can be contraindicated in some patients, for example those with
older cardiac pacemakers.

Invasive catheter angiography is rarely needed to confirm the diagnosis of
CVST given the widespread availability of CTV and MRV, but may be indicated
where the diagnosis is unclear from initial imaging.
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Ongoing Investigation

D-dimer is not indicated as a normal value does not rule out the possibility of
a CVST.

In patients with a first unprovoked CVST, onward referral to haematology for
further investigation is indicated and a screen for prothrombotic haematological
conditions is often undertaken. It is also important to be vigilant for any
suggestion of an underlying malignancy which may necessitate whole body
CT imaging.

Management of CVST
Acute Management

Once a diagnosis of CVST is confirmed, treatment with therapeutic anticoagu-
lation should start as early as possible, even if there is evidence of associated
intracranial haemorrhage (e.g. into an area of venous infarction or more rarely
when CVST is associated with subarachnoid haemorrhage).

Initial anticoagulation should be with parenteral heparin rather than oral
anticoagulants. Parenteral administration allows for more rapid anticoagulation
and although the overall strength of evidence for this approach is weak, it is
a widely accepted in clinical practice across the globe.®

Low molecular weight heparin is the usual first line treatment and is often
administered as a split dose in order to try to minimise the risk of haemorrhagic
complications. Unfractionated heparin can be used in patients considered high
risk of extracranial haemorrhage, with significant renal impairment (CrCl <
30 ml/min) or in those who may need rapid reversal of anticoagulation, for
example those requiring neurosurgery. However, unfractionated heparin is diffi-
cult to manage accurately in any setting other than a high dependency area where
regular APTT testing can be performed and results acted on promptly.

It is very important to identify and manage any underlying cause of CVST,
including treatment of infection and dehydration and withdrawal of any pro-
thrombotic medications such as the COCP.

Around 30% of patients present with seizure and so it is important to consider
management of any seizure activity (see Woodfield and Duncan, Management
of Seizures in Neurosurgical Practice, Elements in Emergency Neurosurgery,
Cambridge University Press, 2024). There is limited evidence around the
management of seizures in CVST; however, the following principles are
suggested.'

* In those with clinical evidence of seizures, particularly where there is paren-
chymal brain damage, antiepileptic treatment is appropriate.
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» There is no evidence for prophylactic antiepileptic medication.

« It is important to ensure that any antiepileptic drug selected does not interact
with the planned anticoagulant therapy.

» Despite a lack of evidence regarding the duration of treatment with antiepi-
leptics in CVST, a pragmatic approach is that seizures associated with
oedema, infarction or haemorrhage merit treatment for at least one year.

Seizures can also be a late complication of CVST, arising as a result of longer-
term damage from prior venous infarction or haemorrhage. Decisions regarding
antiepileptics should be made on an individual, case-by-case basis.

Ongoing Anticoagulation

Following on from the initial management with parenteral anticoagulation
(typically around seven days), it is recommended that patients receive ongoing
anticoagulation with a vitamin K antagonist aiming for an International
Normalised Ratio (INR) of 2.0-3.0.

Evidence is sparse regarding the recommended length of anticoagulation for
CVST and depends on factors such as individual patient risk factors balanced
alongside their risk of bleeding complications.

The following are suggested approaches:'

* One CVST and transient risk factor (e.g. dehydration, infection, COCP,
surgery and trauma)

o Three to six months anticoagulation
* One CVST of unknown cause
0 6—12 months anticoagulation

* Two or more CVSTs (or one CVST and ongoing risk factors indicating high
thrombotic risk)

o Lifelong.

There is currently no clear evidence to support the use of Direct Oral Anti-
Coagulants (DOACs) versus warfarin for the treatment of CVST; however,
a recent systematic review indicated similar outcomes from limited data
whilst highlighting the need for further rigorous trials in this area.” In our
experience, some physicians pragmatically elect to prescribe DOACs based
on their license for the treatment of peripheral VTE, ease of administration
and the lower risk of intracranial bleeding compared to warfarin
(Figure 3).
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Endovascular Treatment

Evidence for the efficacy of endovascular thrombolysis and thrombec-
tomy is limited despite a reported recanalisation rate of up to 75%.'°
There are mainly only small case series assessing clinical effectiveness
with only one randomised trial which showed no clear benefit for endo-
vascular treatment over standard medical care.'" In our experience, endo-
vascular therapies are only ever considered if there is a contraindication
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to anticoagulation or clinical deterioration or progression despite thera-
peutic anticoagulation.

Neurosurgery

Management of Raised Intracranial Pressure (ICP)

Patients at high risk of raised intracranial pressure, including those with evidence
of vasogenic oedema, significant cerebral infarction and extensive intracranial
haemorrhagic, should ideally be managed in a high dependency or critical care
setting, because they are at highest risk of significant brain injury and death.
Strategies for managing raised intracranial pressure include the following:

* Mannitol can be used for osmotic therapy. There is no evidence for the use of
acetazolamide

» Hyperventilation aiming for PCO2 3-3.5

» Head elevation

 Therapeutic lumbar puncture (contraindicated in patients with large lesions at
risk of herniation).

There is no evidence for the routine use of acetazolamide, corticosteroids or
ventricular shunting in managing elevated intracranial pressure.

If there is evidence of midline shift or herniation on brain imaging, then
medical therapy is unlikely to suffice and patients should be considered for
decompressive hemicraniectomy.

Decompressive Craniotomy

Decompressive craniotomy is a procedure intended to mitigate the effects of
raised ICP in those patients with brain lesions causing mass effect or clinical
deterioration. It allows swollen brain to expand and potential recruitment of
collateral venous drainage vessels which can both help reduce pressure. There is
no randomised controlled trial (RCT) data for decompressive craniotomy in
CVST but observational data suggest that it can be a life-saving treatment with
favourable outcomes reported in over half of patients, even in some with
clinically concerning features such as fixed dilated pupils.'>

Complications and Prognosis

Around 75% of patients with CVST achieve a favourable outcome, with the rest
either dying or being left dependent. Risk factors for worse outcomes include
older age, male sex, confusion or coma, haemorrhage on initial CT, deep vein
involvement, central nervous system infection and cancer.” In those patients
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who achieve a good recovery, there may be persisting deficits affecting cogni-
tion, fatigue, depression or anxiety; however, the incidence of these are not fully
known, and are likely to be under-reported and under-diagnosed. The risk of
recurrent CVST is fortunately reasonably low, quoted at around 2—7% per year.'

Dural Arteriovenous Fistulas (dAVF)

Dural arteriovenous fistulas are a rare complication of CVST and the relationship
between the two and how they occur is not fully understood. It is thought that
progressive narrowing and occlusion of the large deep venous system, and the
recruitment of collateral supply that can ensue, causes abnormal connections to form
between the arterial and venous system in the dura mater. They can be symptomatic
with headache, symptoms and signs of raised ICP, or with haemorrhagic complica-
tions, or can be asymptomatic. It is important to be aware of the possibility of the
formation of dAVFs as early identification allows for early treatment. Treatment
options involve endovascular coiling, stereotactic radiotherapy and surgery (see
Kirollos and Kirollos, Spontaneous Intracranial Haemorrhage Caused by a Non-
aneurysmal Brain Vascular Malformation, Elements in Emergency Neurosurgery,
Cambridge University Press, forthcoming).

Vaccine-Induced Thrombotic Thrombocytopenia (VITT)

Vaccine-induced thrombotic thrombocytopenia has recently been identified as
a rare complication of COVID-19 vaccinations. This condition can cause both
arterial and venous thromboses, with CVST being the most common presenta-
tion. Compared to non-VITT patients, those with VITT-associated CVST have
more extensive thrombosis, increased rates of extracranial thrombosis and
higher rates of multiple intracerebral haemorrhages.'” VITT-associated CVST
appears to have higher mortality of up to 40%'* and increased dependency rates
too; around half of these patients have modified rankin scores (mRS) of 3—-6
compared with the 15% in those with non-VITT CVST."?

Vaccine-induced thrombotic thrombocytopenia has been reported with
two adenovirus vector COVID-19 vaccines (ChAdOx1 and Ad.26.COV2.S)
and typically presents 7-10 days after administration of the first vaccine
dose.

There have been some reports of thrombocytopenia following vaccination
with mRNA vaccines (mMRNA-1273 and BNT162b2), but this is more com-
monly associated with purpura and mucosal bleeding rather than thrombotic
complications such as CVST.

To make a definitive diagnosis of VITT, the following five criteria must
be met: '’
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COVID vaccine 4-42 days prior to symptom onset

Any venous or arterial thrombosis (often cerebral or abdominal)
Thrombocytopenia (platelet count < 150 x 10%/L)

Positive PF4 ‘HIT’ (heparin-induced thrombocytopenia) ELISA
Markedly elevated D-dimer (>four times upper limit of normal).

M S

Differential diagnoses for VITT include the following:

= Thrombosis associated with disseminated malignancy
= Disseminated intravascular coagulation

= Heparin-induced thrombocytopenia

= Thrombotic thrombocytopenic purpura

= Paroxysmal nocturnal haemoglobinuria

= Acute/chronic liver disease.

Management of VITT broadly follows recommendations for treating heparin-
induced thrombocytopaenia (HIT), given the clinical similarities between the
two clinical conditions.'® Accordingly, patients with VITT-associated throm-
bosis should not be anticoagulated using heparin-based anticoagulants, and
instead should receive anticoagulants such as fondaparinux, argobatran or direct
oral anticoagulants (DOACSs). If the latter agents are used, then at least five days
of parenteral anticoagulation should be given prior to starting a DOAC.

Based on evidence of response in HIT, and given the underlying immuno-
logical basis of the condition, treatment with Intravenous Immunoglobulins
(IVIg) 1 g/kg body weight daily for two days is needed alongside
anticoagulation.'® If there is poor response to IVIg, then IV corticosteroids
(e.g. Methylprednisolone) and plasma exchange with fresh frozen plasma can
be pragmatically tried as the second line treatment. Eculizumab has shown
some benefit in patients who have not responded to a second dose of IVIg, but
evidence and data surrounding these treatments is sparse in this new condition
with relatively small numbers.'”

Clinical Vignette

A 45-year-old female presents to the Emergency Department with three- to
four-day long history of headache and dizziness, followed by development of
slurred speech, agitation and disorientation. She had ingested a large amount of
alcohol on the day of admission and had been vomiting for several hours.

On review she had evidence of expressive and receptive aphasia and was
agitated. She had GCS 12/15 (E3, V4, M5). There was no obvious focal
weakness, but examination was limited due to her agitation. She was initially
given Dexamethasone and Aciclovir to treat a suspected encephalitis, but when
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the CT head was done it showed a large left temporoparietal haematoma with
surrounding low density and moderate mass effect and midline shift.

She returned to scan for a CTV, which showed extensive thrombus within the
left transverse and sigmoid sinus. She was started on treatment dose dalteparin.
As her agitation improved, it became evident that she also had a right-sided
homonymous hemianopia.

A thrombophilia screen was sent, which was all negative (immunoglobulins,
ANCA, ACLA, ANA, Hep 2, plasma viscosity, lupus anticoagulant). She had
a CT chest/abdomen/pelvis which showed no evidence of underlying malig-
nancy or other explanation for her CVST.

On Haematology advice she was changed to Apixaban on discharge, and was
followed up in the anticoagulation clinic. No underlying cause of her CVST
could be found and it was classified as a spontaneous CVST. Her anticoagula-
tion was stopped at six months, with evidence showing no benefit of continuing
lifelong in a first spontaneous CVST, with recurrence risk being 2.8%.
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