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Review Article

Computed Tomographic Imaging of Cerebral Venous Thrombosis

Mohammad Kamran Kamal
Department of Radiology, The Aga Khan University Hospital, Karachi.

Abstract

Cerebral venous thrombosis (CVT) is an entity
which is not rare and can have devastating consequences if
not diagnosed and treated in a timely manner. Although, the
gold standard for diagnosing this entity is a catheter
angiogram, magnetic resonance venography, by virtue of its
non-invasiveness and detailed demonstration of the cerebral
venous structures, has become the diagnostic modality of
choice for this entity. However; in a resource-strapped
country like Pakistan, CT scan remains the primary first
(and sometimes the only) diagnostic modality used in
patients with neurological problems. Therefore; it is impor-
tant to recognize the signs of cerebral venous thrombosis on
CT scan in order to initiate timely therapy. These CT find-
ings of CVT are discussed in this paper. The CT findings of
CVT have been divided into direct and indirect findings
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and the same have been described for noncontrast and post-
contrast CT scans separately. A brief discussion of CT
venography, which has come around as a promising tool for
diagnosing CVT as a result of newer innovations in CT
technology, is also included here.

Introduction

Cerebral venous thrombosis (CVT) is an important
neurovascular condition that can have devastating conse-
quences for the patient. It can develop secondary to multi-
ple etiologies and can present in varied ways.! The various
etiologies, manifestations, diagnostic findings, treatment
options and outcomes of CVT have been discussed exten-
sively in literature.2 This paper attempts to focus on the
findings seen on computed tomography (CT) in CVT.
Though MR imaging is considered by most to be the imag-
ing modality of choice to detect and follow-up CVT, CT
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imaging is still important as it is much more readily avail-
able than MR, specially in less developed countries, like
Pakistan.? Also, there are newer techniques emerging in CT
due to recent advances in technology that have further
refined CT imaging for CVT.4

Computed Tomographic Imaging

As CT is usually the primary imaging modality uti-
lized to evaluate most patients presenting with neurological
signs or symptoms, this is usually the initial imaging test
that a patient with CVT gets. CT scan findings in CVT were
first described by Buonanno and Kingsley in two separate
papers in 1978.5:6 Since then, there have been several other
papers describing various CT findings in CVT and the diag-
nostic value of this modality for CVT.7-12 The sensitivity
and specificity of CT scan in the diagnosis of CVT is 68%
and 52%, respectively. It may be totally normal in up to
26% of patients with proven CVT.13

CT scanning of the head may be done without or
with the administration of intravenous iodinated contrast
material. The majority of the CT findings in CVT are appre-
ciated on contrast-enhanced CT scans.!? Contrast-enhanced
scanning helps pick up CVT at an earlier stage and is; there-
fore, recommended for timely initiation of treatment. In
addition to the more conventional axial CT imaging for
CVT, CT venography has come up as an effective tool for
diagnosing CVT.

The following is a description of the findings of
CVT on axial CT imaging followed by a brief discussion of
CT venography.

The imaging findings pointing towards a diagnosis of
CVT may be divided into direct and indirect findings with the
direct findings representing the actual cortical or dural sinus
thrombus and the indirect findings representing the adverse
effects of the CVT due to venous outflow disturbances.

Noncontrast Axial CT Scan - Direct Findings

1. Dense Cord Sign: This represents a thrombosed
cortical vein.!4

2. Dense Dural Sinuses: This represents an acute
thrombosis of the dural sinuses.!4 (Figure 1)

3. Dense Jugular Vein: This represents an acute
thrombosis of a jugular vein.!4

4. Dense Triangle or Delta Sign: This represents an acute
thrombosis of the posterior superior sagittal sinus.14
(Figure 2)

In the first two weeks, thrombotic blood is usually
hyperdense on an unenhanced CT scan compared to the
brain parenchyma; therefore, these signs are usually present
during the first two weeks only. After two weeks, a throm-
bus will become isointense to brain parenchyma and there-
fore will only be visible on a postcontrast CT.
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The specificity and sensitivity of these signs are very
low as slow venous flow could appear hyperdense, especial-
ly in young patients and people with a high hematocrit
level 8,15

Figure 1. Noncontrast axial head CT scan shows a dense right transverse sinus.

Figure 2. Noncontrast axial head CT scan shows a subcortical hemorrhagic venous infarct in the
right parietal region in a patient with a dense triangle or delta sign.
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Figure 3. Noncontrast axial head CT scan shows bilateral multifocal hemorrhages.

Noncontrast Axial CT Scan - Indirect Findings

1.

>

Nonha-emorrhagic Infarcts: This is the most common
indirect finding in CVT and can be cortical,
subcortical or deep. Multiple infarcts which do not
follow any single arterial territory should raise the
suspicion of CVT. Bilateral thalamic infarcts are
highly suggestive of deep venous system
thrombosis.!4 Bilateral parasagittal hypodense lesions
on CT are a common finding in venous thrombosis of
the superior sagittal sinus.!6
Haemorrhagic Venous Infarcts: Venous backlog leads
to infarcts which are often haemorrhagic. These are
present in 10% to 50% of cases with CVT.17.18
(Figure 2).
Multifocal Haemorrhages: Multiple areas of
haemorrhages are again due to venous backlog and
subsequent venous bleeding. These are present in 2%
to 10% of cases with CVT.14 (Figure 3).
Subdural/Subarachnoid Haemorrhage: These have
e e n
seen in patients with CVT and are presumed to have
the same etiology as for parenchymal haemorrhages,
described above.!4
Slit-like Ventricles: This is thought to be secondary to
pressure effects of venous congestion and may be seen
in CVT. They may be a normal finding in young
adults.14 Other etiologies to consider would be

Vol. 56, No. 11, November 2006

pseudotumor cerebri, diffuse post-traumatic oedema,
diffuse inflammation, benign intracranial hyper tension
and bilateral isodense subdural collections.

Diffuse Cerebral oedema: This may be seen as a
diffuse low density of the brain parenchyma and is
thought to be secondary to venous congestion.!4

Other Findings: Tertiary findings that may occur due
to haemorrhages or infarcts include focal oedema,
mass effect, midline shift and hydrocephalus.19:20

Postcontrast Axial CT Scan - Direct Findings

1.

Empty Delta Sign: This is the most commonly seen
direct finding of CVT on CT imaging and is present in
10% to 30% of cases with CVT.!14 This is a triangular
filling defect and represents opacification of collateral
veins in the superior sagittal sinus wall with
nonopacification of the clot within the sinus. Due to
the orientation of the superior sagittal sinus and the
usually employed axial plane of imaging it can be
seen only in the posterior third of the superior sagittal
sinus. A false positive empty delta sign can be
produced by fenestration or septa within the superior
sagittal sinus.2! (Figure 4).

Nonopacification of or a Filling Defect in a Dural
Sinus: Nonopacification of or a filling defect in a
dural sinus is suggestive of dural sinus thrombosis.?2
(Figure 4).

Figure 4. Noncontrast axial head CT scan shows an empty delta sign at the confluence of the

superior sagittal sinus and the right transverse sinus.
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Postcontrast Axial CT Scan - Indirect

Findings

1. Parenchymal Enhancement: This is the most common
abnormality on postcontrast axial CT scanning, after
the empty delta sign, in a patient with CVT. This most
likely represents luxury perfusion an area of infarct.
CVT may rarely present as an enhancing space
occupying lesion if there is a sufficient amount of
edema and mass effect secondary to an infarct.!4

2. Tentorial Enhancement: This is secondary to venous
stasis or hyperaemia of the dura mater.14

CT Venography

CT venography can be used to detect CVT.23 It is
similar to CT angiography except that optimal venous imag-
ing requires a longer delay after the administration of con-
trast medium than for CT angiography to allow enough time
for the contrast material to reach and optimally opacify the
venous structures. The data acquired from such axial CT
scanning can then be analyzed by itself or reformatted in a
number of ways to take additional advantage of new tech-
nology. Multiple intensity projection (MIP) images can be
derived after removing the overprojecting bones and brain
parenchyma and these can be rotated in any plane to per-
form three dimensional (3D) imaging. This gives far more
detail about the cerebral venous structures than obtained by
simple axial CT scanning.

CT venography can be performed immediately fol-
lowing a noncontrast CT scan if there is a suspicion of CVT.
It is a quicker and cheaper test to perform compared to mag-
netic resonance venography (MRV) which until now has
been considered as the ideal non-invasive test for the diag-
nosis of CVT. CT venography is superior to MRV in the
identification of cerebral veins and dural sinuses and is
about equivalent in establishing the diagnosis of CVT.24 It
also has a higher sensitivity for depicting the intracerebral
venous circulation as compared with digital subtraction
angiography.?

Thrombosis is identified as a lack of flow/contrast in
a venous structure.

Manual removal of overprojecting bones to get
reformatted images can be time consuming and is operator
dependent. This problem has been addressed by the recent
development of a technique called matched mask bone
elimination (MMBE) which automatically gets rid of any

unwanted overprojecting tissues.4
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