
Each year, 700,000 people in the Unites States have a
stroke.1 The majority of cases are embolic in origin.
Only about one percent of these cases are due to cere-
bral venous thrombosis (CVT), more commonly
referred to as “venous strokes.”2 Although most

patients with CVT present with a stroke syndrome, these
patients favor a somewhat different demographic make up: 75
percent of the adult patients are women and half of all cases
occur in neonates and children.2-4 Also, strokes due to CVT gen-
erally occur in a relatively younger patient population.3

Because of its variable and nonspecific clinical presentation,
the recognition of CVT can be challenging. It is, however, cru-
cial to have a high index of suspicion in order to apply the opti-
mal treatment and thereby affect prognosis. With the correct and
adequate treatment, more than 80 percent of patients have a
good neurologic outcome.2 Fortunately, with improved and
advancement of neuroimaging techniques, recognition of this
condition has increased. In this article, causes and risk factors for
CVT, as well as up-to-date diagnostic and therapeutic informa-
tion, will be described.

The Anatomy of CVT
Figure 1 illustrates a simplified drawing of cerebral venous anato-
my. Based on the location of the thrombus, CVT can be classi-
fied into three basic categories: dural sinus thrombosis, cortical
vein thrombosis and deep venous thrombosis. Thromboses can
occur in a single sinus, but more often occur in multiple.5 The

frequency of thrombosis of the major cerebral veins and sinuses
is best elucidated in a figure using the data from the
International Study on Cerebral Vein and Dural Sinus
Thrombosis (Table 1). Thrombi most commonly form in the
superior sagittal, lateral (transverse) and straight sinuses.
Although cortical vein thrombosis can occur in isolation,
involvement is usually seen as engorgement due to coexisting
thrombosis of a major venous sinus. Deep venous thromboses
generally involve smaller, deeper veins such as the internal cere-
bral vein. 

Clinical Presentation
Clinically, CVT presents with a high variability. Cases that have
been described range from post-partum seizures and new-onset
headache after initiation of oral contraceptives to strokes that
appear irregular on neuroimaging.2,5 The timing with regard to
onset of symptoms may also be quite variable. In 28 percent of
cases, symptom onset is acute (<48 hours). Forty-two percent
have a sub-acute (between 48 hours and 30 days) and 30 percent
a chronic (>30 days) onset.7 The most common presenting
symptoms are: headaches (75-90 percent), seizures (40 percent),
changes in personality or mental status (22-30 percent), motor
or sensory deficits (34 percent), papilledema (28 percent), dys-
phasias (19 percent), cranial nerve palsies (14 percent), visual loss
(13 percent), vomiting and lethargy,2,6,7 with stroke being the
most serious sequela. 

The combination of chronic headache with papilledema as
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presenting signs and symptoms of CVT has been well described.
In one series, 37 percent of those with CVT presented with
intracranial hypertension; in another, the association was found
in up to 50 percent of CVT patients.7,8 CVT should be consid-
ered in patients with pseudotumor cerebri, unexplained cerebral
infarction with early hemorrhagic transformation, and multifo-
cal and/or bilateral, symmetric infarcts. Other than stroke,
intracerebal hemorrhage (ICH), diffuse cerebral edema and
death are serious consequences of unrecognized and untreated
CVT. 

With respect to the presentation of CVT, another aspect that
is quite heterogeneous is its etiologic mechanisms. They are out-
lined in detail in Table 2. Direct causes are found in 85 percent
of cases.2 Many of these are identifiable primary or secondary
prothrombotic states and certain labs may be ordered to distin-
guish them (Table 3). In about 15 percent of cases, no specific
cause can be identified.3,4,6 Detailing all of these causes is an
extensive endeavor; therefore, only the most notable and the
most common causes are highlighted. It is important to empha-
size that as with any thrombosis of the venous system, the patho-
physiology of CVT is ultimately related to the Virchow’s triad of
hypercoagulability, stagnant blood flow or vascular damage.

Diagnostic Imaging 
Several modalities are available for imaging of the structures
related to CVT. Each option has its unique strengths and limita-
tions:

Computed Tomography (CT). Once CVT is suspected, an
emergent CT scan of the brain must be performed. A CT scan
is often obtained quickly and can serve as a “screening” tool to
exclude tumors, intraparenchymal and subdural hemorrhages. It
may show homogenous hypodensities, hemorrhagic infarcts
(Figure 2) and contrast enhancement, although 30 percent of
scans may be normal.6,7 Findings on an unenhanced CT are best
described in terms of direct or indirect signs. Direct signs include
visualizing the clot in the dural sinuses on
neuroimaging. These have been
described as the “dense clot”
or the “cord” signs. The dense
clot sign usually indicates the
presence of a hyperdense
acute thrombus within a
vein or sinus.8 The “cord
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FIGURE 1 

Anatomy of cerebral
venous sinuses. 
A: superior sagittal sinus 
B: inferior sagittal sinus 
C: internal cerebral vein 
D: greater vein of Galen
E: straight sinus
F: transverse sinus 
G: sigmoid sinus 
H: internal jugular vein
(Artwork by Réza Behrouz, DO)



sign” indicates a hyperdense cortical vein and represents newly
formed thrombus. 

The cord sign is rarely seen in subacute or chronic CVT.
Contrasted CT or MRI scans can show the “empty delta sign”
(Figure 2B). The “empty delta sign” represents a defect in filling
of the sinus due to the thrombus. The enhancing dura is sur-
rounding the nonenhancing thrombus and shows up as a trian-
gle, or delta figure.9 The “empty delta sign” may be seen five days
to two months from CVT onset, which is thought to result pos-
sibly from the development of collaterals.7

Indirect evidence of CVT is most suggested by venous infarc-
tions. Infarcts in multiple arterial territories, symmetrical sub-
cortical lesions with sparing of overlying cortex, and early hem-
orrhagic transformation suggest venous infarctions. Venous
infarctions are frequently bilateral. Additional indirect evidence
other than venous infarction is less specific and includes
parenchymal hypodensities (seen in 20-50 percent of cases),
focal or diffuse brain edema, or decreased ventricular size.7 Brain
edema shows as effacement of sulci and of the cisterns. Also due
to venous stasis, enhancement of the dural falx and tentorium
may be seen in approximately 20 percent of cases.7 Infarctions in
CVT more often than not show early hemorrhagic transforma-
tion, but non-hemorrhagic infarction may be present.

Unenhanced CT may sometimes show hyperdense dural
sinuses but this has low sensitivity (present in about 20 percent)
and can be confused with other etiologies such as subdural
hematoma along the tentorium cerebelli. Enhanced CTs can
give false positives of the “empty delta sign” due to septa within
the dural sinus. Unenhanced and enhanced CTs may give false
negatives in 10-30 percent of cases;7 therefore, obtaining CT
venography or MRI with MR venography is recommended.

Magnetic Resonance Imaging (MRI). MR imaging and MR
venography should be obtained together.10 MR imaging with
T1 and T2 imaging may show a hyperintense signal from the
thrombus in the sinus, although the imaging characteristics
change over time due to the effects of clot evolution through

deoxy-hemoglobin, methemoglobin, and hemosiderin.2,7

Thrombi are isointense on T1-weighted images (due to presence
of methemoglobin) during the first five days (sometimes difficult
to visualize early) and after one month. Also in the first few days,
thrombus is hypointense on T2-weighted signals. Usually from
days 3-7, the thrombus may be hyperintense on T1 and there-
fore easier to visualize (Figure 2A). MR imaging is also sensitive
to the parenchymal changes seen in CVT: cortical and subcorti-
cal high signal intensity on diffusion techniques (diffusion
weighted imaging, apparent diffusion coefficient).11 The diagno-
sis of CVT is confirmed with a combination of abnormal signal
on T1-weighted image and a corresponding abnormal flow pat-
tern on MR venography.2

Venous thrombi are directly visualized, since patent sinuses
are seen as flow voids. There are two types of noncontrasted MR
imaging in venography: time of flight (TOF) and phase contrast
(PC). Detailing the nuances of these types belabors our discus-
sion here, but suffice it to say that TOF imaging depends on
flow-related enhancement since there is a difference of the mag-
netization of nuclei flowing in blood or stationary in tissue.12 In
PC MR imaging, spins that move in a magnetic field experience
a phase shift proportional to their velocity, reflecting a different
signal than that in stationary tissue. The advantages of TOF are
its sensitivity to slow flow, and short acquisition times. The
advantages of PC are its improved suppression of stationary tis-
sues and ability to quantify flow and give its direction.11

Contrast enhanced MR venography is another option to use
in diagnosis of CVT; it provides information directly on filling
defects since the contrast serves to form a “lumenogram” (Figure
2D).7,12

Pitfalls in MR imaging involve the failure to show sinuses or
veins with very slow flow. This can be mistaken for thrombi
since there is nonvisualization of the sinus. Hypoplastic sinuses
or artifact can cloud interpretations, but thorough review of MR
source images often clarifies diagnosis.13 This artifact is avoided
in CT venography or conventional angiography since contrast is
used, and thrombi are indicated when there is a filling defect.
Because of this, noncontrasted MR techniques have been shown
to be inferior to CT venography.13,14 Evidence is insufficient to
determine superiority in contrasted MR or CT technique.

Digital Subtraction (Conventional) Angiogram. Due to
some of the limitations in CT and MR techniques, convention-
al catheter cerebral angiogram is used. It is perhaps the gold stan-
dard. Hypoplastic or aplastic dural sinuses, tumor invasion,
intrasinus arachnoid granulations and subarachnoid hemorrhage
are mimics of CVT on CT or MR.7 Conventional angiogram is
usually reserved for difficult cases when there is no contraindica-
tion to contrast or possibly when interventional procedure is
considered.

Newer Concepts in Neuroimaging. CT venography is a more
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Table 1. Frequency of Thromboses by Location6

Superior sagittal sinus...............................62%
Left Lateral sinus .........................................45%
Right Lateral sinus......................................41%
Straight Sinus................................................18%
Deep Venous System ..................................11%
Cortical Veins.................................................17%
Jugular Veins .................................................12%
Cerebellar Veins ............................................0.3%
Cavernous Sinus...........................................1.3%



recent tool that allows direct visualization of the thrombus. It
requires helical CT technology, as well as three-dimensional
reconstruction.13 In a series of 33 patients, 18 of whom had sus-
pected dural sinus thrombus, the superior sagittal, straight and
both transverse and internal cerebral veins were visualized in 100
percent.13 Of the 18 patients suspected to have CVT, six patients
were confirmed to have CVT. All six patients showed character-
istic findings in CVT: empty delta sign, a filling defect, or abnor-
mal pattern of collateral venous drainage. In this study, five
patients had MR venography performed and this not only corre-
lated with the CT venography images, but equivalent numbers of
sinuses, cortical veins, and vascular detail were appreciated. 

In another study, 24 patients had venography by CT and MR
for direct comparison. Confirmation of CVT in eight of the 24
patients was achieved by CT and MR venography by two radi-
ologists with the clinical histories available to them. Both modal-
ities were extremely similar when evaluated for 12 different
venous structures. The CT venogram was noted to reveal greater
small vessel detail.14 No false negative or false positives were
noted in these two studies, showing the reliability and quality of
CT venography compared to MR venography. 

CT venography may serve as an alternative to MR
venography. MR venography requires the patient remain
motionless for much longer periods of time. Motion arti-
fact on MR venography lowers the sensitivity of this
modality. In contrast, CT venography may obtain source
images in 60 seconds.13 Patients who have contraindica-
tion to MR magnetism or claustrophobia may be good
candidates for CT venography. The drawbacks of CT
consist of using iodinated contrast, especially in pregnant
patients, requiring helical CT scanners, and staff knowl-
edge on three-dimensional reconstruction. MR venogra-
phy remains the gold standard in evaluating CVT in
pregnant patients.

Management Options
Intervention must occur swiftly in order to forestall long-
term sequelae of CVT. Though some management
options are considered controversial, their clinical utility
and favorable safety profile are borne out by the litera-
ture:

Anticoagulants. The mainstay of CVT therapy is
anticoagulation. Heparin therapy usually is the starting
treatment for most vascular neurologists.2 For over five
decades, it has been shown to be safe; hemorrhagic
infarcts should not deter from starting heparin therapy as
the underlying problem is the thrombus.3 In prior stud-
ies against placebo, heparin has been proven safe and
beneficial clinically,2,10,15,16 although not statistically signif-
icant in a trial by de Bruijn using nadroparin (subcuta-

neous, low molecular weight heparin: LMWH). Stam pointed
out that in two other trials heparin showed a nonsignificant ben-
efit compared to placebo.2,16,17 

In a prospective observational study including a multination-
al and multicenter review, over 80 percent (520/624; 83.3 per-
cent) of patients with confirmed CVT, were anticoagulated ther-
apeutically with either heparin or LMWH. A nonsignificant dif-
ference in outcome was noted favoring anticoagulation:
dead/dependent in anticoagulated patients was 12.7 percent
(66/250) versus 18.3 percent (19/104) in those not treated ther-
apeutically.6 As Stam and Ferro point out, despite nonstatistical
benefit in available studies, more than 80 percent of practition-
ers recommend initiating anticoagulation.

Continuing oral anticoagulation long term after the acute
phase is generally accepted without supporting studies. The
duration of treatment is unknown, but six months of treatment
with a goal INR between 2 and 3 is acceptable despite the cause
of CVT.2 Sometimes, depending on the cause, a hematology
consultation may provide an insight into the duration of antico-
agulation therapy. For example, a patient with a primary hyper-
coagulopathy may require lifelong treatment.
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FIGURE 2. Subacute thrombosis of the superior sagittal sinus demonstrated by a
hyper-intense thrombus on MRI axial T1 without contrast (A) and “empty delta” sign
on axial T1 with contrast (B); extensive thrombosis of the superior sagittal sinus on T1
sagittal with contrast (C); absence of flow involving the superior sagittal sinus on MR
venogram (D).   (Images courtesy of Robert Zamore, MD and Carlos Martinez, MD)



Due to increased incidence of elevated intracranial pressure
(ICP), regulating ICP is also paramount. A detailed description
of management of raised ICP and impeding herniation is
beyond the scope of this article but some of the main treatment
protocols are described. Preventing increased ICP may be
achieved with the use of intravenous hypertonic saline. There is
no consensus on the dose and the rate of administration of this
agent but at our center, 3% saline solution is infused continu-
ously to target a serum sodium of 145 to 150meq/L. 

In cases of acute elevation of ICP and/or impending hernia-
tion, options include hyperventilation, hypertonic saline or the
use of osmotic diuretics such as mannitol. Steroids in the acute
phase of CVT were not useful and were detrimental in patients
without parenchymal cerebral lesions.18 Surgical decompression
may be warranted if herniation is evident. Sometimes, a cranial
bolt or ventriculostomy is required to monitor and alleviate
increased ICP. More chronic cases not requiring emergent inter-
vention may be treated with acetazolamide therapy (500 to
2000mg per day), and/or serial lumbar punctures. Performance
of lumbar puncture must be weighed carefully and avoided if
possible if risk of cerebral herniation is present (as in large hem-
orrhages, infarcts, concomitant tumors, etc.). Reduction of cere-
bral spinal fluid (CSF) pressure long-term may be achieved by
ventriculo-peritoneal shunting. 

Thrombolytics. Endovascular thrombolysis may be attempt-
ed in centers with adequate technology and experience.
Urokinase or tissue plasminogen activator (tPA) has been used
much in this manner. Ehtisham et al. recently conducted a
review of this mode of therapy. Urokinase has been shown to be

effective in achieving luminal patency in cases series, the largest
one being by Horowitz with 13 cases.19,20 Twelve of 13 cases
achieved patency with good clinical recovery without worsening
in any case.20 Small case series are also available on tPA since it
has worked safely in noncerebral thrombosis.21 In reviewing two
studies, with a total of 21 patients, flow restoration was achieved
in 71 percent (15/21) with complete recovery in 14 of the 21
cases.22,23 In the tPA cases, intravenous heparin was used con-
comitantly. Although these short series show tremendous opti-
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Table 2. Etiologies of Cerebral Venous Thrombosis

Hyper-viscosity States
Hematological Diseases: Lymphoma, leukemia, myelopro-
lifereative disease (polycythemia vera, essential thrombocy-
topenia), sickle cell disease, thrombotic  thrombocytopenic
purpura (TTP), paroxysmal nocturnal hemglobinuria
Malignancy
Pregnancy and Puerperium
Primary Coagulation disorders: Antithrombin III, protein C
and/or S deficiencies, factor V Leiden mutation, prothrom-
bin gene mutation, antiphospholipid antibodies, lupus anti-
coagulant, disseminated intravascular coagulation, plas-
minogen deficiency, cryofibrinogenemia, hyperhomocys-
tinemia or  homocystinuria, factor VII excess, 5,10 methyl-
ene-tetra-hydrofolate reductase (MTHFR)  mutation
Inflammatory Diseases: Sarcoidosis, temporal arteritis,
Behçet Disease, SLE, Wegener granulomatosis, inflammato-
ry bowel diseases, rheumatoid arthritis

Infections
Bacterial: Staphylococcus aureus, tuberculosis, typhoid
Viral: herpes simplex, HIV, CMV, Hepatitis, Measles
Fungal: aspergillus, Gram negative organisms
Parasitic: malaria, trichinosis

Head Trauma and Neurosurgerical Procedures
Dural taps, infusions into internal jugular vein

Medications
Oral contraceptives, corticosteroids, L-asparaginase, heparin
therapy (in TTP), epsilon aminocaproic acid

Other
Nephrotic syndrome, hepatic cirrhosis, dehydration, arteri-
ovenous malformations, internal jugular compression,
hyperthyroidism, carcinomatous infiltration

Table 3. Laboratory Analysis in Diagnosis 
of Cerebral Venous Thrombosis

• blood smear
• complete blood count
• ANA
• urinary drug screen
• HIV testing
• blood cultures
• d-dimer
• pregnancy test
• urinalysis, including 

urinary protein (nephrotic  
syndrome)

• antithrombin III
• protein C and protein S
• factor V Leiden mutation

• prothrombin gene 
mutation

• fibrinogen
• homocysteine
• lupus anticoagulant
• anticardiolipin antibodies
• hemoglobin 

electrophoresis
• Coombs test
• rheumatoid factor
• antineutrophil cyto-

plasmic autoantibody
• serum of CSF angiotensin  

converting enzyme



mism, scientific evidence for using these as first-line treatments
does not yet exist. A potential complication of thrombolytic
therapy in CVT patients is worsening of ICH requiring surgical
evacuation. Therefore, the use of these agents in this clinical sit-
uation is not completely risk-free.22 Nevertheless, endovascular
thrombolysis should be highly considered in patients who are
deteriorating or there is evidence of clot progression in spite of
anticoagulation.

Antibiotics. In patients who develop CVT secondary to
meningitis or cranio-facial infections, implementation of appro-
priated antibiotic therapy targeting the offending pathogen must
be undertaken. One such pathogen is Haemophilus influenzae
type B which causes such infections in children. Fortunately
however, the incidence of H. influenzae infections have declined
over the years with advent of timely vaccination schedule.24

Prognosis
Review of 624 cases, 13 percent (84/624) had an unfavorable

prognosis (death or dependen-
cy).6 Unfavorable prognosis was
associated with male sex in 20
percent (32/159), age >37 years
in eight percent (26/312), coma
in 39 percent (12/31), mental
status disorder in 27 percent
(37/137), intracranial hemor-
rhage on admission in 19 per-
cent (47/245), thrombosis of
deep venous system in 29 per-
cent (20/68), central nervous
system (CNS) infection in 31
percent (4/13), and cancer in 32
percent (15/46). The most fre-
quent complication during fol-

low up were seizures (10 percent) and recurrent thrombotic
events (four percent).6 Overall, eighty to ninety percent of
patients have no neurologic sequelae.26 Recurrence of CVT in
pregnancy is roughly six percent, but there is no increased inci-
dence of recurrent CVT in pregnancy and puerperium when
patients are protected by subcutaneous heparin or antiplatelet
therapy.10,25-27  PN
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FIGURE 3. Thrombosis of the left transverse sinus presenting as a left occipital lobe intracerebral hemorrhage on
the CT scan (A); absence of flow in left transverse sinus demonstrated on MR venogram (B); extensive thrombo-
sis of the left transverse sinus on MRI /T1-weighted image without contrast (C). (Images courtesy of Robert Zamore, MD)
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