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Introduction

Cerebral venous sinus thrombosis (CVST) is a
relatively rare but potentially devastating entity
that mainly affects young adults and children and
represents between 0.5 and 1 % of all strokes [1].
Despite significant improvements in outcomes
[2], CVST is a heterogeneous stroke subtype that
can be challenging to diagnose and effectively
treat and, as a result, is still a significant cause of
death and disability [2, 3]. Anticoagulation is
currently the mainstay of treatment [4-6] but a
multidisciplinary) approach is usually required to
achieve optimal outcomes. Expertise in neuro-
logic diagnosis, medical/surgical management of
intracranial hypertension and cerebral edema,
neuro-endovascular therapy and critical care,
often places the neurosurgeon at the center of this
multidisciplinary team. And as an integral part of
this team, modern neurosurgeons must have an
excellent understanding of this complex and
interesting stroke subtype. The purpose of this
chapter is to provide a basic review of CVST and
its treatment with a focus on the role of systemic
anticoagulation as a part of the overall treatment
methodology. The specific objectives are to
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1. Review the epidemiology and clinical signifi-
cance of CVST.

2. Discuss the pathophysiology of CVST and its
relation to clinical subtypes and potential
treatments.

3. Provide evidence based review of modern
treatment options for CVST with a focus on
anticoagulation.

4. Offer a clinical algorithm for care of the
CVST patient.

5. Highlight future directions.

Epidemiology

CVST is reported to have been initially described
as early as 1825 by French physician Ribes [7, 8].
However, due to a combination of poor diagnos-
tic/imaging techniques and a highly variable clin-
ical presentation, CVST was historically only
diagnosed at autopsy [5]. Therefore, it is likely
that its true incidence was underestimated.
Widespread access to advanced, modern imaging
techniques has lead to the ability to diagnose
CVST more accurately and at earlier, more
benign stages of presentation. As expected the
overall incidence of CVST has increased accord-
ingly. Currently, CVST is estimated to occur in
three to four people per million in adults and
between six and seven million in children and
neonates [4, 5, 9]. Using data from Portugal,
Hong Kong, Mexico, and Iran, the incidence has
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been estimated at 0.2-1.23 per 100,000. Most
recently a Dutch population study looking at
9270 patients over a 2-year period found an inci-
dence of approximately 1.32 per 100,000 in the
general population [10, 11].

As mentioned, CVST is a disease of young
adults and children. Indeed, based on the
International Study on Cerebral Venous and
Dural Sinuses Thrombosis (ISCVT), the largest
cohort study to date, 78 % of those affected were
less than 50 years of age [1, 3]. Similarly, in a
retrospective analysis of the National Inpatient
Sample (NIS) data for 11,400 patients older 15
years of age admitted to US hospitals (2001—
2008), the mean age was 38 years old and 78 %
of the patients were between the ages of 15 and
49 years old [1, 3, 12].

CVST also preferentially affects women.
Nearly 75 % of adult CVST patients are women.
This predilection for women is based on gender
specific issues including pregnancy, puerperium,
oral contraceptive pill (OCP) use (especially
third generation), and hormone supplementation
[9]. The incidence of CVST in female population is
reported to be as high as 2.78 per 100,000 in certain
groups [10]. Pregnancy/puerperium related cases
alone account for between 5 and 20 % of all
CVST in developed countries [6]. When control-
ling for gender specific factors, the incidence in
women is similar to that of their male counter-
parts. This has been demonstrated in studies that
have shown that rates of CVST in female chil-
dren and elderly women are the same as in men.
Moreover, a significant rise in the incidence of
CVST in women occurred in the 1970s coinci-
dent with the introduction and widespread adop-
tion of the OCP [9]. Interestingly, the presentation
and outcomes associated with CVST can vary
with gender as well [13, 14]. Women with gen-
der-specific causes tend to have better outcomes
as compared to their male counterparts [14].

Outcomes

Historically, CVST was associated with mortal-
ity rates as high as 40-50 % and was usually
diagnosed upon the patient’s death. Recent studies
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have demonstrated that the prognosis has
improved and current mortality is 2-6 % [3, 9,
11, 12]. A recent review of the literature high-
lights a significant reduction in mortality over
the last 2 decades that can be linked to four main
factors. Hospital care, including ICU and criti-
cal care, has significantly improved over the last
several decades leading to improved outcomes
for a variety of disease processes. The second
major factor is improved imaging. Major
improvements in the ability to diagnose CVST
occurred with the advent of invasive catheter
cerebral angiography. The utility of catheter
angiography was limited by the fact that the
technique was slow, required technical expertise
and had significant risks. It was, and continues
to be, somewhat cumbersome to use invasive
angiography as an initial diagnostic or screening
tool. Thus even further improvement occurred
with the widespread adoption of noninvasive
techniques such as magnetic resonance imaging
(MRI), magnetic resonance venography (MRV),
and CT venography (CTV) that, with some limi-
tations, allowed safe and efficient diagnosis of
CVST. In the future molecular based imaging
techniques may yield further advances [15].
Shifts in risk factors have also contributed to
overall decline in mortality from CVST. Indeed
over the last decades the incidence of traumatic
and infectious CVST has been on the decline.
As will be discussed, these subtypes are associ-
ated with worse outcomes. Conversely, the
relative incidence of CVST associated with gen-
der specific causes, such as OCP use, has been
increasing. In general, these subtypes have rela-
tively lower risk profiles [3, 13]. Finally, the
ability to treat CVST has improved. And although
still controversial, the use of intravenous heparin
or subcutaneous low molecular weight heparin
(LMWH) is the recommended first line therapy
and seems to be associated with lower mortality
and improved outcomes. Other measures such as
hemicraniectomy or endovascular techniques
have also been shown to improve outcomes in
certain cases. The combination of these factors
and improved awareness of CVST has lead to
marked improvements in mortality.
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Currently, CVST is associated with good out-
comes in over 85 % of patients and has an overall
mortality of about 2-6 % and a rare recurrence
rate of about 3 % [2, 3, 9, 12]. Despite improve-
ment there are several factors that have been
associated with poor outcomes. Some examples
are: malignancy as a cause of the CVST, CNS
infection, seizures, associated brain hemorrhage,
GCS <9 on admission and/or altered mental sta-
tus, hemiparesis, male gender, age over 37 years,
and CVST affecting the straight sinus or deep
venous system [3].

The best outcomes can be achieved when
CVST is recognized and treated in a timely and
appropriate manner. Indeed, delay in diagnosis
and treatment is a significant problem with
CVST. Data from the ISCVT study showed in the
ISCVT, the median delay from onset of symp-
toms to hospital admission was 4 days. Further it
took an additional 3 days in the hospital for the
diagnosis of CVST to be made. Thus, the median
delay from initial symptom to diagnosis was
about 1 week [16]. Patients presenting with visi-
ble parenchymal or hemorrhagic lesions, sei-
zures, or mental status changes, are usually diag-
nosed most quickly. While patients presenting
without visible lesions on imaging and only
symptoms of elevated intracranial pressure (usu-
ally headache) alone are a diagnostic challenge
and face greater delays in diagnosis and initial of
treatment. Interestingly men are also subject to
relative diagnostic delay [16].

Pathophysiology

CVST is a stroke subtype that is characterized by
thrombo-occlusion of major cerebral veins and/or
dural venous sinuses. In general, these two broad
interrelated pathophysiologic mechanisms contrib-
ute to the findings that characterize CVST.
Thrombosis of major cerebral veins leads to local
blockage of normal venous outflow pathways.
In turn this contributes to the development of
venous hypertension and cerebral edema. Gross
and micropathologic examination reveals engorged
thrombotic veins, ischemic neurons, edema, and
microhemorrhages. Intracellular cytotoxic edema
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develops as a result of ischemia which damages
the cellular Na/K pumps [9, 17, 18]. This is fol-
lowed by development of reversible interstitial
vasogenic edema that results from secondary dis-
ruption of the blood brain barrier. Venous infarc-
tion and/or hemorrhage are common sequelae [9,
18] (Fig. 20.1). Elevated intracranial pressure
(ICP) and, sometimes, herniation can develop as a
result of malignant edema or mass effect from
large hemorrhagic lesions. The nature and viability
of collateral venous drainage is an important con-
sideration. Those with robust alternative venous
drainage may be able to tolerate thrombosis for
longer periods of time.

The next mechanism is intracranial hyperten-
sion that results from reduction of CSF reabsorp-
tion. As venous outflow is impaired, the gradient
for CSF reabsorption via the arachnoid granula-
tions is interrupted. As a result, patients develop
signs and symptoms of intracranial hypertension
such as headache or papilledema. Despite the
presence of elevated intracranial pressure, CVST
is not usually associated with ventricular dilata-
tion or hydrocephalus. These two mechanisms
usually occur in concert with each other leading
to the more common clinical presentations asso-
ciated with CVST. Isolated intracranial hyper-
tension without cortical venous thrombosis
occurs in about 20 % of patients presenting with
CVST [3, 9]

In accordance with the Virchow triad of blood
stasis, changes in the vessel wall and changes in
the composition of the blood, CVST usually
occurs in the setting of an inherited thrombo-
philia or an acquired prothrombotic state or con-
dition. In the ISCVT study a thrombophilia was
documented in 34 % of patients [3, 19]. Multiple
specific predisposing conditions have been iden-
tified and are presented in Table 20.1 [3]. In
many cases there is a double hit type of phenom-
enon and CVST occurs as a result of an anteced-
ent prothrombotic cause in the setting the setting
of a preexisting underlying thrombophilia
(Fig. 20.2). As will be discussed, an important
part of therapy for CVST is the identification and
treatment of modifiable factors. Unfortunately, a
likely risk factor for CVST can only be identified
in only 85 % of cases [9].
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Fig. 20.1 Case I: A young woman with hemorrhagic
CVST in setting of OCP use. A 49-year-old right-handed
woman with unremarkable medical history presented with
acute confusional state. While at work, she began having
difficulties with naming and became disoriented. Her ini-
tial head CT (A&B) showed an approximately 3x3 cm
intraparenchymal hematoma (a—arrowheads) in the right
frontal lobe with adjacent subarachnoid hemorrhage in the
right sylvian fissure and overlying the right frontotempo-
ral lobes (b—asterisk). There was significant surrounding
edema but no significant mass effect or midline shift.
There was hyperdensity at the right transverse sigmoid
sinus (b—arrowhead). Further history from family
revealed a 2-month history of intermittent right occipital
headaches (worse over the last 2 weeks) and retroauricular
pain. She had been given a diagnosis of mastoiditis and
treated with augmentin. She had been taking oral contra-
ceptive pills for many years. Her history and imaging
(hyperdensity at the right transverse sinus) were concern-
ing for CVST. She could not tolerate MRI due to her con-
fusion and agitation. So a CTA/CTV (C&D) was obtained.
It showed no evidence cerebral aneurysm on CTA. CTV
showed dural venous sinus thrombus extending from the

Historically, post-infectious CVST was com-
mon. However, recently this has been on the
decline as a risk factor for most patients with
CVST. However, it is more common as a risk in
male patients, pediatric patients and in patients
from developing countries [11, 13, 20-23].
Other less common but notable risk factors
include lumbar puncture with intracranial hypo-
tension [24], intracranial trauma, and neurosur-
gical procedures. These can present significant

proximal right transverse sinus through the sigmoid sinus
and into the proximal jugular vein (¢ and d—arrows). She
was initially admitted and followed on the neurology ser-
vice with serial CT scans showing stable intraparenchy-
mal hemorrhage, and started on a therapeutic heparin drip
for 3 days and subsequently started on coumadin (received
one dose). On the fourth day she was noted to be progres-
sively more confused and developed worsened LUE
weakness. Repeat CT (e) head showed progressive mid-
line shift and increased mass effect from IPH with early
uncal herniation. Neurosurgery was consulted and she
was taken for decompressive hemicraniectomy (f). She
stabilized and made some improvement while in the hos-
pital. She was discharged to rehab with mild language
apraxia. She was restarted on LMWH and coumadin 10
days after surgery. She was continued on anticoagulation
for 6 months total. Repeat MRI/MRV was obtained at 6
month follow-up and showed that normal contrast and
flow related enhancement are demonstrated throughout
the major dural sinuses and proximal internal jugular
veins without occlusive filling defect with no evidence of
sinus occlusion (g and h—arrows)

treatment challenges due to the inherent risk
of bleeding when considering using anti-
coagulation for treatment following trauma or
surgery. In a recent study of over 900 patients
(ages 1-77, mean 36.1) admitted to a US
University Hospital with skull fractures, over
10 % had a skull fracture associated with a cere-
bral venous sinus and, of those, over 34 % had
an associated thrombus involving at least one
venous sinus [25].
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Table 20.1 Shows common risk factors for CVST. No
underlying risk factor is identified in up to 15 % of patients
with CVST
Thrombophilia
Deficiencies of antithrombin, protein C, and protein S
Factor V Leiden mutation
Prothrombin gene mutation 20210
Antiphospholipid antibodies
Hyperhomocysteinemia
Female Gender-Specific Risks
Pregnancy
Postpartum state
Hormonal contraceptive or replacement therapy
Infection
Localized infections such as otitis, mastoiditis,
sinusitis
Meningitis
Systemic infectious disorders
Chronic inflammatory diseases
Vasculitides
Inflammatory bowel disease
Cancer
Hypercoagulable state
Chemotherapy
Local venous compression
Hematologic disorders
Polycythemia
Essential thrombocytosis
Paroxysmal nocturnal hemoglobinuria
Trauma/Mechanical
Head trauma
Local injury to cerebral sinuses or veins
Jugular venous cannulation
Neurosurgical procedures
Lumbar puncture
Nephrotic syndrome
Other
Dehydration
Dural arteriovenous fistula®

*dAVF is rare but of interest to the neurosurgeon

Presentation and Clinical Subtypes

The presentation of CVST varies widely and
largely depends on the location of thrombosis,
chronicity of presentation, presence of
intraparenchymal lesions, and the underlying
pathophysiology (Fig. 20.3, Table 20.2). Those
with involvement of dural sinuses with cortical
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venous thrombosis may present with only fea-
tures of elevated intracranial pressure such as
headache or papilledema. CVST can present in
an acute, subacute, and chronic time course.
90 % of patients present with headache [6, 9]. It
is the initial symptom in nearly 80 % and the only
symptom in 15-25 % of patients [1, 6, 26, 27].
Thus a high index of suspicion must be main-
tained in patients with isolated headache and risk
factors for CVST. The type of headache is also
quite variable but is often gradual, diffuse and
subacute in nature. Rarely CVST can present
with sudden, severe headache pattern similar to
that usually associated with aneurysmal sub-
arachnoid hemorrhage. Conversely, 5-30 % of
patients have been reported to present without
headache [28]. These patients tend to be older,
male and show a trend towards worse clinical
outcomes [28].

Focal neurologic deficits can be seen and
usually correspond to the locale of intraparen-
chymal lesions [3, 9], while marked alterations
in consciousness or coma are associated with
deep venous thrombosis with associated tha-
lamic involvement. In general focal deficits or
coma as a presenting feature portend poor
outcomes [1, 3, 9].

Seizure is also a common presenting feature
and has been reported as a presenting feature in
nearly 40 % of patients with CVST [29]. Logistic-
regression analysis showed that CVST present-
ing with seizure was associated with supratentorial
lesions, cortical vein thrombosis, sagittal sinus
thrombosis and puerperal CVST. In patients at
higher risk for seizure, prophylactic antiepileptic
medical therapy may be considered [1, 29].
Seizures are much more common in CVST as
compared to arterial stroke subtypes. Indeed, sei-
zures with suspicious imaging findings should
raise suspicion for CVST [1, 30].

Finally, there are variations based on demo-
graphic subgroups. As mentioned, women with
gender specific causes usually present acutely
with headache and seem to have better outcomes
as compared to men. Subgroup analysis from
ISCVT study showed that 81 % of women pre-
senting with CVST had a complete recovery ver-
sus only 71 % of men [14]. The elderly often
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Fig. 20.2 Case II: A man with recent dehydration and
underlying history of malignancy with CVST and
dAVF. A 66-year-old male with a history of CML s/p bone
marrow transplant on immunosuppression who presents
after obtaining MRI brain this evening for workup of pul-
satile tinnitus which incidentally showed hemorrhagic
conversion of a area of stroke. He reported being on a hik-
ing trip 3 weeks ago and dehydrated after significant exer-
tion. At that time he had a severe 10/10 headache with
dizziness that lasted for the day, and resolved by the fol-
lowing day. He did not seek medical care at that time. He
did, however, start to take daily ASA since he thought his
symptoms may be related to an MI. He reports only a
couple of mild headaches since that time. He did have one
episode of vomiting after dinner 1 week ago, but none
since then. He has noted a “wooshing” sound in his R ear
which was worked up by his primary care physician and
ENT who recommended an MRI/MRA. He denied any
diplopia, blurry vision, visual field disturbance, seizures,
weakness/numbness/tingling. His initial non-contrast CT
head (a—arrowhead) showed an approximately 7 cm area
of non-confluent intraparenchymal hemorrhage and
edema in the right temporal-occipital region with associ-
ated mass effect and midline shift, the MRI/MRA showed
diffuse abnormal signal intensity involving the right tem-
poral lobe with heterogeneous T2 signal intensity cen-
trally consistent with blood products and surrounding
edema (b—arrowhead). There is some thickening of the
overlying cortex with mass effect causing effacement of
the right lateral ventricle, midline shift from left to right,

and minimal uncal herniation into the suprasellar cistern.
It appeared to be consistent with hemorrhagic transforma-
tion of an ischemic event. There was concern for CVST
and/or dAVF based on his history of cancer, dehydration,
and tinnitus/swooshing in the ear. A dedicated MRI/MRV
(c and d) was then obtained. Post-contrast images (c)
demonstrated branched vascular enhancement (¢ —arrow-
head) throughout most of the right temporal, occipital and
inferior parietal lobes. This enhancement appears to con-
verge on the anterior superior margin of the medial right
tentorium cerebelli. These findings were concerning for
dAVF. There was a large tubular filling defect within the
transverse sinus, sigmoid sinus and visualized proximal
internal jugular vein is consistent with a near occlusive
venous thrombosis. This was well seen on the 3D recon-
struction (d—bracker). Digital subtraction angiography
(e—g) confirmed a high grade dAVF filling mainly from
arterial feeders arising from the occipital artery as well as
to a lesser extent the superficial temporal artery. There
was egress into a venous pouch in the region of the trans-
verse sigmoid sinus (f and g—arrows). There was marked
retrograde reflux into the cortical veins. There was no
obvious filling from the right internal carotid and the
right-sided venous system in the region of the transverse
sigmoid appears to be occluded (e—bracket). It is not
clear whether the sinus thrombosis or the dAVF was the
initial event. The dAVF was treated for cure using staged
endovascular embolization. The patient made an excellent
neurologic recovery and no longer has tinnitus
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Sup. Sagittal Sinus

Cortical Veins

Cavernous Sinus

Deep Venous Sys

ransverse Sinus

= Int. Jugular V.

Frequency
Location of CVST (%) Common Associated Clinical Syndrome
Cortical Veins 17 Sensorimotor deficits (unilateral), seizures
Superior Sagittal Sinus 62 Sensorimotor deficits (bilateral), seizures
Straight Sinus 18 Motor deficits, mental status changes (thalamic)
Deep venous system 11 Motor deficits, mental status changes (thalamic)
Transverse Sinus (left or right) 86 Isolated intracranial hypertension (headache), aphasia (usually left)
Jugular Vein 12 Neck pain, tinnitus, cranial nerve palsy
Cavernous Sinus 1 QOcular Signs-orbital pain, chemosis, proptosis, oculomotor palsy

Fig.20.3 Shows a venous phase, oblique projection of a digital subtraction cerebral angiogram labeled with relevant

venous anatomy

present with mental status changes and depressed
consciousness. They have poor outcomes relative
to younger patients. Only 49 % of the elderly
(age >65 years old) make a complete recovery
versus 82 % of younger patients and the elderly
have a mortality of more than 25 % [31]. Children
have unique characteristics. In a recent study,
55 % of children ages 0—12 years old were less
than 6 months of age at presentation. Common
presenting features included seizures (59 %),
coma (30 %), motor weakness (21 %), and head-
ache (18 %). Over half were found to have
decreased level of consciousness. The most com-
mon risk factor was infection which was notable
as a cause in over 40 %. In this study 13 % of
children died and 46 % had a neurologic deficit at
discharge [20].

Diagnosis
Clinical

As discussed above the presentation of CVST is
highly variable and, as a result, clinical diagnosis
can be quite challenging. The main stay of diag-
nosis is a thorough history and physical examina-
tion. Practitioners must maintain a high level of
suspicion for CVST in high risk groups. With
that in mind the clinical evaluation must be
focused on uncovering and treating risk factors
for CVST including significant past medical his-
tory, recent trauma, recent use of OCPs or
pregnancy, infection, dehydration, or other clues
as discussed above.
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Table 20.2 Lists common sites of thrombus, frequency of
involvement and common associated clinical syndromes

Common associated
syndrome

Location
of CVST

Cortical veins | 17

Frequency (%)
Sensorimotor
deficits (unilateral),
seizures
Sensorimotor
deficits (bilateral),
seizures

Motor deficits,
mental status
changes (thalamic)
Motor deficits,

Superior 62
sagittal sinus

Straight sinus | 18

Deep venous 11

system mental status
changes (thalamic)
Transverse 86 Isolated intracranial
Sinus (left or hypertension
right) (headache), aphasia
(usually left)
Jugular vein 12 Neck pain tinnitus,
cranial nerve palsy
Cavernous 1 Ocular signs—
sinus orbital pain,
chemosis,
proptosis,
oculomotor palsy
Laboratory

Focused laboratory investigations can be of ben-
efit in patients in whom CVST is suspected.
According to the AHA/ASA guidelines, a com-
plete blood count, chemistry panel, sedimenta-
tion rate, prothrombin time, and activated partial
thromboplastin time may be useful in uncovering
occult infection, or underlying coagulopathy [1].

Measurement of the fibrin breakdown prod-
uct, D-dimer, can also be useful in laboratory
diagnosis of CVST but should be considered in
combination with an estimation of clinical suspi-
cion. Studies have reported that positive D-dimer
levels (>500 pg/ml) have been shown to be highly
sensitive (94-97 %) for detection of CVST but
less specific (90 %) [1]. Indeed, D-dimer is highly
associated with CVST in patients with positive
D-dimer levels and neurological deficit. False
negatives were most common in patients present-
ing with isolated headache. The AHA/ASA
guidelines point out some controversy in the use
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of D-dimer and further recommend that normal
D-dimer level according to a sensitive immuno-
assay or rapid enzyme-linked immunosorbent
assay (ELISA) may also be useful to help iden-
tify patients with low probability of CVST [1, 6,
32]. Thus it seems that D-dimer is best used to
establish a positive diagnosis of CVST in patients
with high clinical suspicion, a negative diagnosis
in patients with low clinical suspicion, but is not
as useful to rule out CVST in patients with high
clinical suspicion. In general lab evaluation is not
used as the sole or primary means of diagnosis.
Imaging is the mainstay of modern diagnosis.

Imaging

Computed Tomography
(Figs.20.1,20.2,and 20.4)

Although not the test of choice for diagnosis of
CSVT, standard non-contrast head CT
(Figs. 20.1a, b, e, f, 20.2a, and 20.4a) is often the
first imaging study obtained in a patient present-
ing acutely with headache. It is helpful to rule out
other more common intracranial pathologies but
is only positive in about 30 % of known CVST
cases [1]. There are findings on CT that can raise
suspicion of CVST. These include hyperdensity
of a cortical vein or dural sinus, a dense delta sign
involving the posterior sagittal sinus, and isch-
emic lesions in a non-arterial pattern at or near a
dural sinus that are sometimes associated with a
characteristic fluffy appearing hemorrhage.
Although rare, subarachnoid blood can be noted
and is usually along the convexity and not in bas-
ilar cisterns or within the sylvian fissure [33].
Contrast enhanced CT may show a filling defect
within the sinus. The addition of CT venogra-
phy significantly improves the sensitivity of CT
(Figs. 20.1c, d, 20.2a, and 20.4b, c, f) With an
overall sensitivity of about 95 % and specificity
of 91 %, CTV with multiplanar reconstruction is
about as reliable as MRI with MR venography
[34]. It can be obtained quickly, is noninvasive
and is tolerated well by patients and is most use-
ful for subacute and chronic thrombosis. It has an
overall accuracy of 90-100 % and is best for
detection of major dural sinus thrombosis.
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Fig. 20.4 Case III: A man with a history of seizures,
CVST and a recent trauma. A 54-year-old left-handed
male presented after a fall from standing 1 day prior to
admission. He was amnestic to the event but thinks he
may have slipped on some gravel. He hit the back of his
head on the ground. He was neurologically intact on pre-
sentation but had right posterior parieto-occipital scalp
bruising and bilateral racoon eyes (R>L) and right
Battle’s sign. He reports headache but denied nausea,
vomiting, or confusion. He did have a generalized tonic-
clonic seizure 2 weeks prior. An initial non-contrast head
CT head (a and b) obtained for rapid evaluation in the
setting of trauma. It showed trace right temporal-parietal
subarachnoid hemorrhage (a—arrowheads), a transverse
fracture of the right temporal bone with extensive pneu-
mocephalus (a— asterisk) intracranially as well along the
right transverse and sigmoid sinuses (b—arrowheads and
asterisk) as well as the right jugular fossa. These findings
were concerning for sinus involvement and a CTA/CTV

Evaluation of cortical venous thrombosis and
thrombosis of the deep venous system is rela-
tively poor using CTV. Other drawbacks include
relatively poor accuracy for visualization of

confirmed associated thrombosis of the right transverse
sinus and sigmoid sinus (c—arrowheads) as well as non-
occlusive thrombosis of the right jugular vein. One day
later an MRI (d) with MRV (e) was performed which con-
firmed the findings on CTV. 3D reconstruction demon-
strates thrombosis in the transverse/sigmoid sinus
(e—bracket). He was admitted to the ICU with trauma
evaluation as well as neurology, ENT and ophthalmology
consults. He was started on seizure prophylaxis. He
remained stable with stable CT head. He was started on an
IV heparin drip on post-trauma day 2. In the setting of
trauma, no bolus was given and he had a goal PTT of
50-70. Serial CT head evaluation was stable and he was
transitioned to coumadin for INR of 2-3 on post trauma
day 5. Follow-up CT venogram 8 weeks later showed
improved flow through a partially recanalized right trans-
verse sinus (f—arrowheads). He remained clinically sta-
ble without neurologic deficit until the completion of
coumadin therapy

smaller parenchymal lesions, radiation exposure
and need for contrast in those with allergies,
significant kidney dysfunction, or other contrain-
dications [1, 19, 34].
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Magnetic Resonance

The AHA/ASA 2011 guidelines recommend MR
with T2-weighted imaging and MR venography
as the imaging test of choice for evaluation of
suspected CVST (Figs. 20.1g, h, 20.2b—d, and
20.4d, e) MRI/MRV provides excellent visual-
ization of cortical veins and deep and superficial
venous systems, and shows good tissue detail
including micro-hemorrhagic lesions and devel-
oping cerebral edema. MRI does not expose
patients to ionizing radiation but takes longer,
and is difficult for patients unable to tolerate
closed spaces or those with defibrillators or fer-
rous metal in the body. Moreover, chronic venous
thrombosis, anatomic variation and slow-flow
states can confound the diagnosis of CVST using
MR. Using a combination of static and dynamic
MR imaging techniques has been shown to
improve accuracy in these cases [1, 35-37].

Digital Subtraction Angiography
Intra-arterial digital subtraction angiography
(DSA) is the gold standard for visualization of
CVST. However, due to the invasive, time con-
suming and relatively risky nature of DSA and
because reliable noninvasive alternatives are
readily available, DSA is no longer the recom-
mended first choice for initial diagnosis. Its use is
reserved for cases in which CTV or MR/MRYV is
contraindicated or cannot provide a certain diag-
nosis. It can provide particularly useful visualiza-
tion of cortical and deep venous thrombosis.
DSA is also used if endovascular therapy is under
consideration (Figs. 20.2 and 20.3e, g) [1, 9].

Other

Direct venous angiography has also been used but
is rarely necessary. Advanced imaging techniques
such as PET or perfusion studies are rarely used
in the initial diagnosis of CVST. However, there is
recent interest in the use of CT perfusion as a way
to follow the progression of CVST after diagnosis
and initiation of treatment using systemic antico-
agulation [38] or endovascular [39] techniques.
There are no large well designed studies evaluat-
ing CTP, so more work needs to be done establish
its clinical value and justify its widespread use in
evaluation of CVST after treatment .
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Treatment
Approach

As discussed above CVST is complex and pres-
ents significant diagnostic challenges. Similarly,
effective treatment of CVST is also complex and
often requires a multidisciplinary team within a
specialized environment. Neurosurgeons are
uniquely qualified because of their experience
with making neurological diagnosis, dealing with
critical care issues and because of their expertise
in surgical and endovascular techniques.
However, involvement of other specialists
including neurologists, neuroradiologists, hema-
tologists, emergency medicine practitioners,
pediatricians, obstetrician/gynecologists, and
others is paramount to achieve optimal
outcomes.

The goal of treatment is to stabilize the patient,
eliminate any treatable thrombophilic conditions,
reduce clot burden/revascularize to improve
venous outflow and to prevent death and disabil-
ity. Thus after stabilization of the comatose or
critically ill patients, the initial phase of treat-
ment entails discovery of any conditions, such as
dehydration, that can be treated. In addition, after
acute CVST treatment, long-term treatment of
underlying thrombophilic conditions must be
considered.

Anticoagulation

Treatment of CVST with anticoagulation is
somewhat controversial but there is no true equi-
poise [1, 40]. The consensus in the literature sup-
ports the use of anticoagulation therapy for
treatment of acute CVST in adults and children
[9, 20, 26, 30]. Moreover, the AHA/ASA guide-
line [1], and the EFNS guidelines [5] and the
EPNS/SENP guidelines for children and neonates
[41], recommend therapeutic dosing of IV hepa-
rin or low molecular weight heparin (LMWH) as
the primary therapy for acute CVST in most adult
and pediatric patients. The controversy stems
from a logical concern about hemorrhagic com-
plications after use of anticoagulation to treat
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CVST—especially those presenting with hemor-
rhage and the fact that there are only two well-
designed randomized, controlled trials comparing
anticoagulation to placebo in the general adult
population. These two trials evaluate the use of
IV unfractionated heparin (UFH) or subcutane-
ous LMWH (nandroparin) in 20 and 59 patients
respectively. Meta analysis of these small trials
revealed a nonsignificant trend toward reduction
(=13 %) in absolute risk of death and severe dis-
ability with heparin treatment [4]. Importantly,
there was no symptomatic ICH in either group
after use of anticoagulation. A third randomized
controlled trial of anticoagulation for CVST was
performed in pregnancy-related CVST and dem-
onstrated a benefit of UFH over no anticoagula-
tion therapy in these women [26]. Much of the
data regarding CVST comes from observational
studies and in particular from the ISCVT which
is the largest study of its kind. In this study 624
patients from 89 centers were enrolled. Most
(>80 %) were treated with anticoagulation and
the mortality was about 8 % at 16 months and
nearly 80 % had complete recovery. These and
other studies indicate that use of PTT adjusted IV
heparin or body weight adjusted LMWH is safe
and effective for treatment of CVST even in the
setting of hemorrhage. Data from ISCVT indi-
cates a range of risks for ICH after anticoagula-
tion for CVST from O to 5.4 % [3]. In general
treatment of CVST using IV heparin or LMWH
has similar outcomes. However, a small number
of small studies suggest that there may be a slight
advantage of LMWH in terms of effectiveness
and risk of hemorrhage [1, 6, 42]. In patients that
may need surgical treatment; IV heparin may be
advantageous due to the relatively short /2 life of
IV heparin and ability to effectively reverse IV
heparin if needed. In cases where a direct cause
can be identified, stable patients should be
converted to oral therapy using oral vitamin K
antagonists such as warfarin and treatment con-
tinued for 3-6 months. In patients without an
identifiable cause, long term oral therapy should
be continued for 6-12 months. In cases of
recurrence, CVST at additional sites or CVST
in setting of severe underlying prothrombotic
states (i.e., antithrombin deficiency), lifetime oral
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anticoagulation may be considered [5, 26, 43].
Newer generation oral anticoagulation agents,
such as dabigatran or direct factor Xa inhibitors,
have been tried with some success in case series
but no high quality data is available to support the
widespread use of these medications [44, 45]. In
addition to prevention of progressive or recurrent
CVST, long-term oral anticoagulation therapy is
also aimed at preventing venous thromboembo-
lism in the lung or other extracranial sites.
Consultation with a hematologist for manage-
ment of complex cases may be of benefit [1].

Endovascular Therapy

Anticoagulation therapy acts mainly to prevent
extension of thrombosis and has significantly
improved the prognosis associated with CVST. ,
However, 9—13 % of CVST patients have poor
outcomes despite being adequately anticoagu-
lated. High risk patients, especially those with
large clot burdens and persistent underlying pro-
thrombotic conditions, are more likely to fail
anticoagulation treatment. This is often due to
incomplete or partial recanalization that can
occur in greater than 50 % of patients treated
with anticoagulation alone. In patients that dete-
riorate or progress despite anticoagulation, endo-
vascular measures including direct local
thrombolysis or mechanical thrombectomy and
others may be considered [1]. These therapies
have the benefit of dissolving the thrombus lead-
ing to more rapid recanalization. There have been
multiple small reports composed of case reports
and series that have shown benefit of endovascu-
lar therapies in selected patients but no large ran-
domized controlled studies have been performed.
A recent review of the literature on mechanical
thrombectomy for treatment of CVST reports on
a total of 64 patients from case reports and case
series. IV heparin use was reported in 60 patients,
not used in one patient and not reported in three
patients. 48 % of patients had a hemorrhage at
presentation. There were nine reported complica-
tions and after a mean follow-up period of about
28 weeks nine patients had died. After the same
follow-up period, 62 % had good outcome with
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documented MRS of 0-2 [46]. In the ISCVT
study 38 % of patients treated using thrombolysis
(local or systemic) died. There is a great deal of
potential bias in the reports about thrombolysis
for CVST. The patients usually have a more
severe clinical condition but there is also publica-
tion bias for positive findings.

Several possible endovascular techniques
have been reported. These include direct catheter
thrombolysis, balloon assisted thrombectomy/
thrombolysis, catheter based thrombectomy/
thrombolysis, stenting or stent based thrombus
retrieval. Further evaluation must be done to
determine which among these techniques pro-
vides a meaningful benefit [47-50]. Endovascular
therapy seems to be a safe and effective option
and some have even suggested its use as a first
line treatment [51]. However, at this time, endo-
vascular therapy can only be recommended in
cases of failed anticoagulation therapy [1, 52]. In
a prospective case series of 20 patients with
CVST, patients with large hemorrhagic infarcts
did not benefit from endovascular thrombolysis.
This may be due in part to the potential for
increase in size of the lesion and the associated
increased risk of herniation [6, 53].

The Thrombolysis or anticoagulation for cere-
bral venous thrombosis (TO-ACT) trial opened
in 2011 and is currently ongoing with 50 patients
enrolled  (http://www.to-act-trial.org/).  The
TO-ACT trial is a multicenter, prospective, ran-
domized, open-label, blinded endpoint trial
designed to determine if ET improves the func-
tional outcome of patients with a severe form of
CVST Patients are included if they have a radio-
logically proven CVST, a high probability of
poor outcome (defined by presence of one or
more of the following risk factors: mental status
disorder, coma, intracranial hemorrhagic lesion,
or thrombosis of the deep cerebral venous sys-
tem), and if the responsible physician believes
that there is clinical equipoise between endovas-
cular thrombolysis or standard anticoagulant
treatment. One hundred sixty four patients (82 in
each treatment arm) will be included to detect a
50 % relative reduction (from 40 to 20 %) of poor
outcomes [54].
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Systemic thrombolysis has also been used in
limited cases. There are no randomized clinical
trials, but a recent meta-analysis reports on a total
of 26 patients from 16 reports. In this group of
patients, most regained independence with 88 %
achieving MRS 0-2 [55]. However, there were
three serious bleeding events and two deaths. The
results of systemic thrombolysis were similar to
local thrombolysis noted in other studies. As with
other therapies, there is a serious risk of hemor-
rhagic complication and more work needs to be
done to establish the role and safety of systemic
thrombolysis. But it may represent an additional
tool for treatment of patients who fail anticoagu-
lation therapy. It has the advantage of being non-
invasive and potentially more widely available
than local thrombolysis using endovascular
techniques.

Surgery

As endovascular techniques have improved, the
need for direct surgical treatment of CVST has
nearly disappeared. On the rare occasion that
indirect transvenous access cannot be obtained,
surgical exposure of a dural sinus may be used to
provide direct access for endovascular therapy.

Hemicraniectomy

The main cause of death in patients with CVST
is transtentorial herniation due to a unilateral
lesion or diffuse edema from multiple intrapa-
renchymal lesions [56]. In recent studies as
many as 4.3 % of patients die in the acute phases
of CVST. In patients that fail medical and/or
endovascular treatments, hemicraniectomy has
been demonstrated to be an effective and life
saving measure in patients with malignant
edema, large space occupying lesions and/or
clinical evidence of herniation (Fig. 20.1) [I,
57—-60]. There are no well designed studies to
evaluate the clinical effectiveness of hemicrani-
ectomy for CVST, but in small patient series,
despite more severe clinical presentations, most
patients demonstrate good or excellent outcomes
at follow-up [58, 59, 61, 62].
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Treatment of Associated Problems

Seizures

Seizures are common in CVST occurring in
37 % of adults, 48 % of children, and 71 % of
neonates [1, 29]. Seizures can be dangerous due
to the increased risk of anoxic damage. Therefore
treatment of documented seizure with appropri-
ate antiepileptic medications is recommended to
reduce the risk of further seizures [1, 5].
Prophylactic use of AEDs is controversial
because there is a paucity of data to support its
use. Despite this the EFNS suggests that prophy-
lactic antiepileptic therapy may be a therapeutic
option in patients deemed high risk for seizure
such as those with focal neurological deficits and
supratentorial lesions on admission CT/MRI [5],
whereas the AHA/ASA guidelines states that in
the absence of seizure, routine prophylactic use
of AEDs is not recommended [1].

Intracranial Hypertension

Intracranial hypertension is common in CVST but
frank hydrocephalus is not. However, in patients
with persistently elevated intracranial pressures
and associated problems such as severe headache,
papilledema or vision loss, altered level of con-
sciousness or cranial nerve palsy, specific mea-
sures to manage elevated ICP can be instituted.
Reasonable measures include lumbar puncture,
use of acetazolamide, ventriculostomy, or even
shunting if indicated [1, 63, 64]. However, recent
subgroup analysis of 15 patients from the ISCVT
study suggests that CSF diversion may not be
effective in preventing death from herniation [63].
Ophthalmologic consultation should be considered
to evaluate for possible optic nerve fenestration in
the setting of intractable intracranial hypertension.

Steroids
Steroids are not recommended [1]

Sequelae
The current prognosis of CVST is good. Over

85 % are reported to have good outcomes
(MRS <2) at 16 month follow-up and only about
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10 % were dead or severely disabled [3]. Despite
this some patients experience chronic headaches
(50 %), late seizures (5 %), visual problems
recurrence (4 %), or VTE in extracranial sites
(5.5 %) [1]. Other more rare problems such as
dural arteriovenous fistulae are also noted
(Fig. 20.2). dAVF may also be causative in some
cases of CVST.

Special Groups

Special consideration must be taken when treating
pregnant women or children. Specialty consulta-
tion with obstetrics/gynecology and pediatrics or
neonatology would be recommended. The clini-
cal characteristics and presentations are similar
but do have some important variations as men-
tioned above. The incidence ranges from 1 in
2500 to 1 in 10,000 during pregnancy. As much as
73 % of all CVST in women occur during preg-
nancy. It is most likely during the last trimester
and first postpartum month. Treatment principles
are similar in pregnant women and anticoagula-
tion is the mainstay of therapy. However unfrac-
tionated heparin is teratogenic and warfarin is
associated with fetal embryopathy and bleeding.
Thus, LMWH is the treatment of choice and
should be continued throughout the entire preg-
nancy followed by LMWH or warfarin in the post-
partum period. In women with a history of CVST,
future pregnancy is not contraindicated but pro-
phylaxis with LMWH during the pregnancy may
be advisable [1].

In children, neonatal CVST has the highest
incidence. Outcomes are worse in neonates as
compared to older children and adults. Forces
on the child’s head during birth and a lack of
circulating anticoagulant factors put neonates
at increased risk. Careful monitoring must be
undertaken because this population cannot easily
communicate problems. Surveillance for visual
disturbances and papilledema is recommended.
Continuous EEG is advisable for comatose
patients. Investigation for underlying thrombo-
philia should be undertaken [1, 41]. Anticoagula-
tion for 3-6 months with UFH or LMWH
followed by warfarin is the recommended
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treatment for children greater than 28 weeks old
even in the presence of hemorrhage. The data
regarding use of anticoagulation in neonates is
not clear. The EPNS/SFNP guidelines suggest
that anticoagulation for neonates with acute
CVST may be safe and effective but that it must
be evaluated on a case by case basis. If chosen,
anticoagulation should be continued for a shorter
period of 6-12 weeks [1, 41].

Clinical Care Algorithm (Fig. 20.5)

A potential clinical care algorithm is presented in
Fig. 20.5.

Patient with Suspicion of
CVST

MRI T2 with MRV or No CVST

CT with CTV

if MRI unavailable

CVST
Present

Anticoagulation Patient Deteriorates
using LMWH or UFH

if no contraindication

Patient Stable
or Improved

Start oral anticoagulation
using warfarin if no contraindication

Fig.20.5 Proposed clinical algorithm for CVST. It is not
comprehensive and each patient must be considered on a
case-by-case basis. This takes into account current data
but may change as more information becomes available
especially regarding newer treatments including novel
anticoagulants and endovascular therapies. In addition to
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Conclusion and Future Directions

CVST is a relative rare stroke subtype that prefer-
entially affects the young. There are wide varia-
tions in clinical presentation that make timely
diagnosis and effective treatment challenging.
Fortunately, as a result of modern imaging and
treatment paradigms, the prognosis for CVST has
been improving. As study of this interesting prob-
lem continues, it is likely that the prognosis will
continue to improve. Additional study needs to be
undertaken to evaluate endovascular therapy for
use in high risk patients and/or in patients after
failing standard anticoagulation treatment. It is
also being considered for use as a first line

Consider Alternate Causes

Large IPH
or Mass Lesion
on CT

Consider Hemicraniectomy

No Large
Mass Lesion
on CT

Consider Endovascular Therapy

above patients must be evaluated and stabilized if neces-
sary. Patients should also receive necessary treatment for
associated conditions including intracranial hypertension,
visual changes, seizures, and coma. Oral anticoagulation
therapy should be continued for at least 3 months in adults
depending on the underlying cause
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approach. The ongoing TO-ACT trial will hope-
fully address some of these issues. Laboratory
investigation of molecular signaling and associ-
ated molecular imaging may lead to the ability to
diagnose CVST even earlier. Screening in high
risk groups could be considered in certain circum-
stances. Indeed, prevention along with screening,
counseling or other methodologies will be an
essential element in the overall “treatment” of
CVST. As awareness improves and more is
known about how and why CVST affects certain
groups, more can be done to prevent or eliminate
CVST. The neurosurgeon is an integral part of the
modern multidisciplinary approach to CVST and
thus must maintain a high clinical awareness for
CVST and be familiar with the use of anticoagu-
lation and other treatment options for CVST.
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