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Abstract Stroke is a common neurological emergency. Almost 80% of strokes are due to arterial
occlusion. Venous thrombosis comprises less than 1-2% of all strokes. Involvement of
the deep cerebral venous system is still rare and accounts for about 10.9% of all cerebral

Keywords venous thromboses (CVT). CVT diagnosis is often delayed or missed, because of its vari-

= acute stroke able clinical manifestations. We retrospectively (2015-18) and prospectively (2018-

treatment 20) reviewed all the cases of CVT in a tertiary care center in south India. Out of a total

= cerebral venous of 52 CVT cases, 12 were due to the involvement of deep cerebral venous system. Their

thrombosis clinical presentation, imaging characteristics, and outcomes were assessed. The most

= cerebrovascular frequent presentation was headache followed by seizures. Hyperhomocysteinemia was

disease the most common risk factor noted. Imaging characteristics were variable, and a high

= neuroimaging index of suspicion was required for early diagnosis. All patients had favorable outcome
= stroke in our study, and except one, all were treated conservatively.

Introduction the first of its kind in India and was done in view of paucity

of data about deep cerebral venous system thrombosis in the

Cerebral venous thrombosis (CVT) is an uncommon cause of Indian subcontinent.

cerebrovascular disease and accounts for about 0.5 to 1% of
all strokes.! The prevalence of CVT is 5 per 1 million adults
and it is more common in women.>* Approximately 5% cases Materials and Methods
of stroke in young occur due to CVT. Involvement of deep
cerebral venous system is rare, and accounts for just 10.9%
of all CVT cases.® Most of our current knowledge about deep

The study was started in January 2018 at a tertiary care center
in south India. All patients diagnosed with CVT from January
} ) X 2015 to January 2018 were reviewed retrospectively to iden-
VT IS. through‘ isolated case reports o.r small casg SEI'IQ.S. tify those with deep CVT. From January 2018 to June 2020, all
Ther.e 154 pauc1t.y of d.at.a from the Indian sgbcontlpent .1n CVT cases were analyzed prospectively. The aim of this study
par.tlcular..C.VT dlagn'051s 1s.often delf"lyed or Ilmssed, BIVENIES s to study the clinical manifestations and radiological fea-
variable cllmlcal mgplfestatlgns, and it can mimic other acut.e tures of patients with deep CVT. The objectives of the study
neurologlFal conlelo.ns. T.hls delay.can be avoided by opti- were to look for etiology, signs and symptoms, and outcomes
mal and F”?ely brain imaging.” CVT in genera'l hasa fE_WOHble of deep CVT. A total of 12 patients were diagnosed to have
prognosis, if diagnosed and treated early.” This study isone of  ~y1 que to involvement of deep cerebral venous system.
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Table 1 Clinical and radiological features

Deep Cerebral Venous Thrombosis Gogineni et al.

S. No Age Gender | Clinical presentation Veins involved MRI features
(years)

1. 32 Female Headache, vomiting, Internal cerebral vein, Thalamus, left internal capsule, left
blurring of vision, altered | right transverse sinus basal ganglia, right caudate, right
sensorium cerebellar hemorrhagic infarcts

2 30 Male Headache, vomiting Vein of Galen, internal cerebral | Bilateral thalamus infarction with

vein, right transverse sinus, hemorrhage in right thalamus
straight sinus

3 53 Male Headache, vomiting Vein of Galen, straight sinus, Bilateral cerebellar hemorrhage

right transverse, sigmoid
sinus, internal jugular vein
4. 22 Male Headache Superior sagittal sinus, right Right temporal lobe hemorrhagic
transverse, sigmoid, straight infarct
sinus thrombosis, vein of
Galen

5 21 Male Headache, Seizures Internal cerebral veins, inferior | Bilateral frontal, left thalamus, basal
sagittal sinus, transverse sinus, | ganglia, left occipital hemorrhagic
sigmoid, straight sinus infarcts

6 30 Female Headache, Blurring of Vein of Galen, inferior sagittal | Right temporal hematoma, callosal,
vision sinus, straight sinus, bilateral basal ganglia hemorrhagic infarcts

transverse sinus

7 23 Female Headache Vein of Galen, straight sinus, Left temporal venous infarct

bilateral transverse, sigmoid
sinus
8 26 Male Headache, seizures Basal vein of Rosenthal, Acute venous infarct in right thala-
internal cerebral vein, vein mus, hippocampus
of Galen, straight sinus, left
transverse and sigmoid sinus

9 24 Male Headache, vomiting Vein of Galen, internal cerebral | Venous infarct in bilateral thalamus
veins, inferior sagittal, trans- with hemorrhage in left thalamus
verse and straight sinus

10. 58 Male Headache, seizures Vein of Galen, internal cerebral | Right basal ganglia hemorrhagic

vein, straight sinus infarct

11. 38 Male Headache Left transverse and sigmoid Left temporal lobe hemorrhagic

sinus infarct

12. 30 Male Seizures Vein of Galen, straight sinus, Acute infarct in left basal ganglia

superior sagittal sinus, trans-
verse and sigmoid sinus
Results as headache with vomiting (33.33%) or with drowsiness

The mean age of 12 patients was 32.25 + 11.42 yrs. There
was a clear male preponderance with nine males and three
female patients. As reported in =Table 1, most of the patients
(91.66%) presented with headache, followed by seizures
(33.33%) and visual disturbances (16.66%). All the patients
had features of raised intracranial pressure (ICP), manifesting

Table 2 Risk factors for cerebral venous thrombosis

Condition/risk factor Percentage
Hyperhomocysteinemia 50
Antithrombin Ill, protein s deficiency, 8.33
hyperhomocysteinemia

Polycythemia 8.33

Oral contraceptives 8.33

Iron deficiency anemia 8.33
Puerperium 8.33
Unknown 8.33
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(16.66%)

All patients underwent brain imaging with MRI along
with venogram, and the final diagnosis was based on evi-
dence of parenchymal involvement along with thrombosis of
deep cerebral veins. Nine out of 12 patients (75%) had hem-
orrhagic infarctions (=Figs. 1, 2). Most patients had involve-
ment of the thalamus, temporal lobe or basal ganglia, while a
single patient had bilateral cerebellar hemorrhage. MRI veno-
gram showed diffuse involvement of the deep venous sys-
tem, with internal cerebral vein and/or vein of Galen involved
in all patients (~Fig. 3).

Most patients (91.66%) had identifiable risk factors for
CVT. Hypercoagulability was seen two-thirds of the patients,
with hyperhomocysteinemia (50%) being the most common
cause (=Table 2).

Except for one, all patients were managed conserva-
tively. The patient with bilateral cerebellar hemorrhage
underwent decompressive craniectomy. All the patients had
a baseline modified Rankin scale (mRS) score of 3 to 4 (at
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Fig. 1 MRI brain: fluid attenuated inversion recovery (FLAIR) sequence, axial cuts, showing bilateral asymmetrical hyperintensity (right > left)
in thalamus with hypointense signal within the right thalamus (patient 2).

Fig. 2 MRI brain: susceptibility-weighted imaging (SWI) sequence, axial cuts, showing blooming in right thalamus suggestive of hemorrhage

(patient 2).

the time of admission), which improved to a score of 0 to
1 in all patients at 3 months follow-up.

Discussion

The cerebral venous drainage occurs mainly through two sys-
tems, the superficial or cortical and the deep or subependy-
mal venous systems. Blood from brain parenchyma drains
into the dural sinuses: superior sagittal sinus, inferior sagittal
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sinus, lateral sinus, cavernous sinus and straight sinus, which
then drain into the internal jugular vein (IJV), which finally
open into the right ventricle of the heart.

The deep cerebral venous system consists of paired inter-
nal cerebral veins, which join the basal veins of Rosenthal to
form the great cerebral vein (of Galen). The great cerebral vein
joins the inferior sagittal sinus to form the straight sinus.® The
deep venous system drains the thalami, septum pellucidum,
basal ganglia, upper brainstem, and the deep white matter
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Fig. 3 MRI venogram, time-of-flight (TOF) images showing involvement of vein of Galen, straight sinus, transverse sinus and sigmoid sinus on

the right side (patient 2).

of the parietal, temporal, and frontal lobes.® Thus, deep CVT
should be considered in any patient with subacute neurolog-
ical deterioration and bilateral thalamic involvement.

The presence of extensive anastomoses between cortical
veins makes the venous territories less well-defined than
the arterial ones and also allows for the development of col-
lateral circulation in the event of an occlusion in the venous
tree. Development of collateral circulation permits a signif-
icant degree of compensation in the early stages of venous
thrombosis. CVT commonly affects the superior sagittal
sinus (72%) and the lateral sinuses (70%). In about one-third
of cases, more than one sinus may be involved.' In a further
30 to 40%, both dural venous sinuses as well as cerebral or
cerebellar veins are involved.!' Deep CVT has been reported
in only 10.9% of all CVT cases.?

Venous thrombosis a continuous process in which there is
an imbalance between the prothrombotic and thrombolytic
processes, leading to slow progressive growth of thrombus
with time.’? Along with extensive collateralization of the
venous vessels, this slow growth of thrombus explains the
gradual onset of symptoms of CVT, frequently over weeks
or months, in contrast to an abrupt onset in cases of arterial
occlusions.'>13

The imbalance between prothrombotic and fibrinolytic
processes occurs due to changes in blood stasis, vessel wall
abnormalities, and hypercoagulability (Virchow’s triad).
Obstruction of the cerebral venous system leads to increased
venous pressure, reduced capillary perfusion, and locally
increased cerebral blood volume. Initially, this is compen-
sated by the dilatation of cerebral veins and the develop-
ment of collateral vessels, but persistent elevation of venous
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pressure leads to vasogenic edema (due to blood-brain bar-
rier [BBB] disruption) and decreased cerebral perfusion pres-
sure and cerebral blood flow, culminating in tissue infarction.
Eventually, both cytotoxic and vasogenic edema occur.”

Cerebral venous sinus thrombosis can also block cere-
brospinal fluid (CSF) absorption through the arachnoid villi,
leading to raised ICP. All the above-mentioned pathophysi-
ological changes cause the typical focal neurological symp-
toms and signs of CVT, which depend on the following: the
territory of the brain involved, the acuity of the occlusion
(sudden or gradual), the degree of collateralization, and
the degree of associated tissue loss. The slow growth of the
thrombus and collateralization of venous vessels probably
accounts for the often gradual onset of symptoms in contrast
to arterial strokes.

Important and common risk factors for CVT include
estrogen-containing oral contraceptive pills, prothrombotic
(hypercoagulable) conditions (may be genetic or acquired
thrombophilia), pregnancy and puerperium, infections and
malignancy.'

The International Study on Cerebral Vein and Dural Sinus
Thrombosis (ISCVT) found that up to 85% of adult patients
have at least one risk factor, with the most common being
the use of oral contraceptive pills, followed by the presence
of a prothrombotic state.? In our study, the most common risk
factor was presence of hypercoagulable state.

CVT symptomatology ranges from minor to
life-threatening, depending on the sinuses and/or veins
involved, the extent of brain parenchymal injury, chronicity
of occlusion, and the effect on ICP. Thrombosis of the deep
veins (internal cerebral veins, basal veins of Rosenthal, vein
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of Galen, straight sinus) often causes edema of bilateral thal-
ami, as was seen in 41.66% of our study cohort. Thalamic
involvement can cause mental status alteration, reduced
awareness, coma and gaze palsies, making it a challenging
diagnosis without appropriate neuroimaging.

Headache is the most common presenting symptom of
CVT described in literature (70-90% cases), and the same
was observed in our study cohort (91.66%). Headache may be
secondary to raised ICP or brain infarction. Other features of
raised ICP like vomiting, papilledema, and altered sensorium
are also commonly encountered.'

Unfortunately, CVT-related headache does not have spe-
cific diagnostic features, although it is usually progressive in
onset (hours or days). Less often, thunderclap headache can
be the first symptom, presumably related to subarachnoid
bleeding.'®

Stroke-like focal neurological symptoms can occur in
patients with CVT. In the VENOST study, Duman et al stud-
ied 1144 CVT patients and found brain infarction in 36.4%,
hemorrhagic transformation in 17.3%, and intraparenchy-
mal hemorrhage in 3.8% patients."” In our study, 66.66% of
patients had hemorrhagic infarction.

Seizures often occur secondary to disturbances in BBB
with edema in the presence of viable cortical neurons and
supporting cells. Seizures can be focal, unilateral or bilateral,
and can also secondarily generalize. In ISCVT, seizures were
present in 40% of study subjects,* compared to 33.33% in our
study.

Visual disturbances may occur due to (1) raised ICP as a
result of venous thrombosis (without venous infarcts, result-
ing in a benign intracranial hypertension-like presentation),
(2) venous infarction involving the occipital cortex, (3) raised
ICP following the development of a secondary dural arterio-
venous (AV) fistula, and (4) arterial occipital infarcts due to
posterior cerebral artery compression, secondary to hernia-
tion in large venous infarcts.!® Visual disturbances were seen
in two (16.66%) of our study subjects.

Three of the 12 patients had unilateral thalamic involve-
ment, which is relatively rare in deep CVT. More commonly
seen is bilateral thalamic involvement, occurring due to sym-
metrical drainage. Very few cases of deep CVT with unilateral
thalamic involvement are reported in literature. Left thala-
mus is more commonly involved, which may be attributed to
it being a more common anatomical variant or perhaps due
to lesser clinical manifestations of nondominant side.

MRI is the most sensitive modality for diagnosing paren-
chymal lesions, edema, and ruling out other diagnostic
dilemmas. CVT is suspected when the area of infarction
crosses arterial boundaries or is atypical in location. CT or
MRI venogram is indicated if the initial screening MRI or
CT scans are inconclusive. Digital subtraction angiography
(DSA) is advised if there is parenchymal involvement but CT
and/or MRI venogram is inconclusive. On brain imaging, typ-
ical findings of deep CVT include bilateral edematous thalami
with potentially superimposed venous infarction and haem-
orrhage, although the findings may be markedly asymmetric
or unilateral.?® For unknown reasons, in cases of asymmetric
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CVT, the right side is more often involved than the left. The
same was seen in three of our patients.

Prognosis of CVT is variable. According to the prognos-
tic CVT score, proposed by Ferro et al, involvement of deep
cerebral venous system (deep CVT) is a poor prognostic fac-
tor.2'However, in our cohort, patients had a favorable out-
come. mRS scores of all patients improved during follow-up.
One of the probable reasons for the better outcome is that all
patients presenting with recent onset headache at our insti-
tution underwent neuroimaging (preferable with MRI brain +
venogram), resulting in to early diagnosis and prompt treat-
ment. Unilateral deep CVT seen in our cohort may also con-
tribute to better outcomes, compared to bilateral deep CVT,
which is more commonly reported in literature.

Conclusion

To date, very few case series of deep CVT have been reported.
Our cohort highlights the importance of having a high degree
of suspicion of CVT, having an early diagnosis and prompt
initiation of treatment, which helps in reducing the morbid-
ity and mortality. In cases of unilateral infarctions, a strong
index of suspicion is needed for the diagnosis of deep CVT.
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