
Abstract
Cerebral venous thrombosis is an uncommon, but

important cause of stroke due to its high morbidity.  Though
conventional catheter based angiography is becoming
replaced by newer, noninvasive imaging modalities, it still
plays an important role in the evaluation of patients with
suspected sinus or venous thrombosis.

Techniques of angiography, normal anatomy and
variants, and pathological drainage patterns are discussed in
reference to thrombosis of the major dural and cortical
venous structures.

Knowledge of the normal drainage patterns of the
cerebral venous system is essential in interpreting angio-
graphic information obtained in the evaluation of patients
with suspected cerebral venous thrombosis.

Introduction
Cerebral venous thrombosis (CVT) causes less than

1% of all strokes,1-3 but is particularly devastating in its
predilection for younger patients. Autopsy data have
revealed an incidence of 16 among 12,500 patients (<1%)4

to 9%.5,6 In the past, mortality rates as high as 30-50% were
reported, though more recent, controlled studies have found
mortality rates under 11%.7

Though considered the gold standard in evaluation
of the vasculature of the nervous system, angiography and
venography are becoming replaced by newer techniques,
namely magnetic resonance imaging (MRI) and venography
(MRV) for the evaluation of cerebral venous thrombosis
(CVT).  However, conventional catheter based angiography
still has a role in the diagnosis of CVT, particularly when
evaluation of smaller cortical veins is necessary, as in arte-
riovenous fistulae, in which retrograde filling of cortical
veins and subsequent thrombosis may occur as the primary
symptom producing consequence of the disease.
Additionally, a proportion of patients who progress despite
heparin therapy8,9 may require angiography for the purpos-
es of endovascular thrombectomy or fibrinolysis.11-13

Knowledge of the venous and dural sinus anatomy,
their normal variations, and the disease conditions in which
thrombosis of these vasculature structures may occur is

essential to correct interpretation of the angiographic infor-
mation in conditions of suspected venous thrombosis.

Techniques of angiography and normal
venous anatomy

Evaluation of the dural sinuses should entail selection
of at least one vessel from the anterior circulation and one
from the posterior circulation.  Due to asymmetry and prefer-
ential flow patterns, it is ideal to catheterize both carotid arter-
ies.  Furthermore, a full three to four vessel angiogram is
essential for evaluation of the cortical venous system. Biplane
digital subtraction angiography with prolonged exposure into
the late phase of injections provides excellent resolution with
post-acquisition adjustment capabilities. Standard anteriopos-
terior (AP) and lateral views should be obtained, which best
delineate the superior sagittal sinus (SSS) and transverse sinus
(TS) systems and other midline vasculature, which may then
be supplemented by obliqued AP views to allow for display-
ing of the two transverse sinuses and the proximal and distal
points of the SSS.

Review of angiographic images for evaluation of the
cerebral venous system should include inspection for filling
of the major dural sinus system including the SSS, inferior
sagittal sinus (ISS), superior petrosal sinus (SPS), inferior
petrosal sinus (IPS), cavernous sinuses (CS), bilateral TS,
sigmoid sinuses, occipital sinus (OS), and straight sinus
(SS).  As the SSS, ISS, and CS receive drainage from the

Figure 1-A. Right internal carotid artery (ICA) injection, lateral view demonstrates hypoplasia of
the anterior third of the superior sagittal sinus (SSS).  The normal parasagittal cortical veins

draining into the posterior two-thirds of the sinus are not seen anteriorly.
Figure B. A different patient's left ICA angiogram, lateral view.  The caudal portion of the SSS
(large arrows) is not visualized, and in contrast to panel A, the cortical veins in the anterior por-

tion are prominent, as is the inferior sagittal sinus (small arrows).
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anterior circulation and thus will be visualized upon
injection of the carotid arteries, while the OS, SPS, IPS, and
SS receive tributaries arising from the posterior fossa struc-
tures, and are visualized upon vertebral artery injection.
The transverse sinuses, also referred to as the lateral sinus-
es, receive drainage from the SSS as well as from cerebellar
hemispheric veins, so may be seen on the late phase of both
anterior and posterior circulation injections.  In addition the
TS receive tributaries from the occipital and temporal lobes,
including the vein of Labbe, and the tentorium.  The skull
base dural sinuses (SPS, IPS, CS, as well as sphenoparietal
sinus) are variable and not always visualized angiograhical-
ly.14

The SSS is subject to marked variability.  The prox-
imal one-third to one-half may be hypoplastic or absent in
normal individuals (Figure 1-A), and if identified during
angiography should be evaluated in the light of the clinical
context.  Absence of cortical veins draining into this portion
may help differentiate congenital absence of the proximal
SSS from de novo thrombosis.  In such situations, there may
be one large posterior frontal parasagittal vein which serves
as the predominant mode of venous drainage of that region
(Figure 1-B).  On standard biplane angiography, the SSS is

more readily visualized on lateral plane imaging, as straight
AP imaging will result in superimposition of the anterior
and posterior aspects.  However, a few degrees right or left
oblique will display the proximal and distal points of the
SSS and allow for visualization of its origin and endpoint as
it empties into the sinus confluence.

Similarly, widespread variation exists in the appear-
ance of the TS, more readily appreciated on AP imaging. In
the majority of people, codominance of the bilateral TS is
seen, whereas in 25%, the right TS is dominant. Left domi-
nance and unilateral hypoplasia are seen in an equal number

Figure 3. Right internal carotid artery angiogram in patient with right transverse sinus thrombosis
and dural arteriovenous fistula formation demonstrates retrograde drainage through the superficial

middle cerebral vein (arrow).

Figure 4. Right internal carotid injection in patient with carotid cavernous fistula.  Though there
is no thrombosis in the cavernous sinus (CS), the successive injections from arterial to venous

phase demonstrate retrograde flow through the superior and inferior ophthalmic veins (arrows) as
may be seen in CS thrombosis.

Figure 2. Left vertebral artery angiogram in a patient with a posterior fossa dural arteriovenous
malformation demonstrates normal filling of the left transverse sinus with impaired flow through

the right transverse sinus (arrows).
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as those with right dominance, and should be recognized as
such, so as not to be mistaken for pathology.  An induced
Valsalva maneuver, easily accomplished by asking the
patient to maintain a deep inspiration, increases the thoracic
venous pressure, obstructing IJ efflux from the cranial vault,
which may augment flow through an otherwise unapparent
TS.  Interpretation of this filling in a pressurized system
must still be weighed in the clinical context, as a congeni-
tally hypoplastic TS may be just as likely to open with
increased retrograde venous pressures as a partially throm-
bosed TS.   

The sigmoid sinus is the continuation of the TS as it
drains into the internal jugular (IJ) vein.  Each TS receives
venous drainage from the cerebellar hemispheres, and
though drainage may flow across the contralateral sinus, a
unilateral thrombosis of the TS (Figure 2) may still pose a
risk for haemorrhage.  Where unilateral hypoplasia of the
TS exists, the corresponding sigmoid sinus, and even the IJ,
may also be hypoplastic or absent.  Thrombosis of the IJ due
to in-dwelling central venous catheters, is not infrequent
among chronically hospitalized patients, and may be recog-
nized on conventional angiography as being asymmetrical
in appearance compared with larger caliber of the patent
proximal TS and sigmoid sinuses (unless thrombosis
extends retrograde to involve these structures).  This usual-
ly is not of clinical concern as the contralateral IJ will ade-
quately drain the system via the torcular Herophili sinus
confluence.

The smaller skull base dural sinuses are subject to
more inconsistency and are more difficult to visualize on
conventional angiography.  However, their appearance may
become more manifest in the presence of asymmetry due to
underlying pathology. In this case, knowledge of the disease
conditions which lead to fistulous formations between arte-
rial structures and these sinuses or abnormal retrograde flow
through these sinuses become important and are briefly dis-
cussed here. 

The smaller cerebral veins are much less easily dif-
ferentiated on angiography.  If thrombosis of cortical veins
is suspected, then selection of both internal carotid (or ver-
tebral) arteries may be necessary, as only one side will lead
to filling of the venous system in question, while the other,
normal, side is necessary for comparison.  Systemic inspec-
tion of the cerebral veins, as with the dural venous system,
involves knowledge of the anatomy.  

For ease of consideration, they may be divided into
three groups as superficial (cortical), deep (subependymal),
and those of the posterior fossa.15 The single most important
advantage of real time conventional angiography over other
imaging modalities for evaluation of CVT is the visualiza-
tion of the direction of flow in the venous system.  Change

of flow patterns may be seen in conditions of abnormal arte-
riovenous fistulae with thrombosis of larger channels, creat-
ing increased pressure demands on the second order small-
er venous system. Typical drainage occurs from the smaller
cortical or other cerebral veins, into the larger, low pressure
dural sinus system. For instance, the anastamotic vein of
Trolard receives drainage from the superficial middle cere-
bral vein (SMCV) and then courses to the SSS, while the
anastamotic vein of Labbe connects the SMCV to the TS.
In conditions of thrombosis of either of these sinuses, the
corresponding superficial vein may be seen to flow retro-
grade, away from the dural sinus rather than towards it
(Figure 3).

The smaller deep cerebral veins are even more diffi-
cult to discern on angiography.  Many are unnamed, but of
the more constant ones, they may be divided into medullary
veins and the subependymal veins into which they drain.
The medullary veins drain into the latter group at right
angles, receiving outflow from the frontal and parietal
lobes.  The more important subependymal veins include the
septal veins, which flow from the frontal horn to the genu of
the corpus callosum to drain into the internal cerebral veins;
the thalamostriate veins, which are formed by the conflu-
ence of the anterior caudate veins and the terminal vein, also
helping to form the internal cerebral veins which them-
selves are the largest of the deep cerebral veins, which ulti-
mately drains into the deep dural sinus, anomalously
referred to as the great vein of Galen.  The vein of Galen
also receives drainage from another important vein, the
basal vein of Rosenthal, which in turn receives drainage
from a confluence of the deep and middle cerebral veins,
before emptying into this primitive dural sinus.  The vein of
Galen continues into the straight sinus after joining with the
ISS.  The deep venous system is best seen on late angiogra-
phy, by which time the overlying cortical veins may have
emptied and are unopacified.  If thrombosis of the deep
venous system is suspected, attention must be given to
longer exposure times during angiography.  

Important drainage patterns in CVT
Thrombosis of the larger sinus systems and cerebral

veins bears its brunt on the smaller veins which usually
form tributaries to these larger structures.  Retrograde
drainage patterns through different superficial and deep
cerebral networks can be appreciated on real time angiogra-
phy and are important pathognomic consequences of coex-
isting dural venous thrombosis.  Therefore, knowledge of
normal drainage patterns, such that reversal of flow may be
readily noted, is of paramount importance in evaluating
patients with CVT.

Typically, blood from the orbits follow the path from
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the high resistance globe to the lower resistance cavernous
sinus system via the superior and inferior ophthalmic veins.
However, in conditions of cavernous sinus thrombosis,
reversal of flow along these venous channels occurs (Figure
4), which may result in visual loss if untreated.

As stated above, the SSS receives multiple
parasagittal convexity veins as well as the vein of Trolard.
Retrograde filling in the vein of Trolard may occur as a
sequelae of SSS thrombosis, and its presence may help dif-
ferentiate a thrombosed SSS from an anteriorly hypoplastic
variant.  

Similarly the cerebellum and temporal lobes deliver
their predominant drainage through the TS system.
Thrombosis of the TS may manifest as retrograde drainage
through the vein of Labbe or other posterior fossa veins, and
again is an important clue to differentiate between congeni-
tal hypoplasia of one TS versus true thrombosis.  Though
the superior group of veins of the posterior fossa drain into
the vein of Galen, thrombosis of the latter is less common
than that of the TS, and so usually is not seen in isolation.

The posterior fossa veins are best seen on lateral
plane imaging during angiography except for the petrosal
vein which receives tributaries from the cerebellum, pons,
and medulla before itself entering the superior petrosal
sinus. 

In general, thrombosis of the cortical veins in
absence of thrombosis of the larger dural sinuses, is best
appreciated by an asymmetrical appearance of the filling of
these compared with their counterparts on the contralateral
hemisphere.  However, as with the dural sinuses, laterality
in dominance exists with some of the larger veins, particu-
larly the vein of Trolard, being more prominent in the dom-
inant hemisphere, and the vein of Labbe, typically more
prominent in the nondominant hemisphere.  However, a
complete lack of drainage of a region of a cerebral or cere-
bellar hemisphere, compared to the drainage pattern of the
contralateral side, should be regarded as abnormal.

Conclusion
Angiography for the evaluation of CVT is becoming

increasingly replaced by newer, noninvasive imaging
modalities such as MRI/MRV, but still is important in

demonstrating thrombosis of smaller cortical veins.
Asymmetry of venous drainage between the two hemi-
spheres as well as retrograde flow seen on real-time angiog-
raphy are key angiographic features of underlying venous
thrombosis.  Knowledge of the normal venous anatomy
including patterns of drainage of the cerebral veins into the
dural sinus system is paramount to correctly interpreting
angiographic data in the diagnosis of CVT.

References
1. Masuhr F, Mehraein S.  Cerebral venous and sinus thrombosis: patients with

a fatal outcome during intravenous dose-adjusted heparin treatment.
Neurocritical Care 2004;1:355-61.

2. Bousser MG. Chiras J, Bories J, Castaigne P. Cerebral venous thrombosis- a
review of 38 cases. Stroke 1985; 16:199-13.

3. Bousser MG.  Cerebral venous thrombosis.  Nothing, heparin, or local throm-
bolysis?  Stroke 1999;30:481-3.

4. Ehlers H, Courville CB.  Thrombosis of internal cerebral veins in infancy and
childhood.  Review of literature and report of five cases. J Pediatr 1936;8:600.

5. Towbin A.  The syndrome of latent cerebral venous thrombosis: its frequency
and relation to age and congestive heart failure.  J Neurol 1986;233:83.

6. Bousser MG and Barnett HJM.  "Cerebral Venous Thrombosis" in Stroke:
Pathophysiology, Diagnosis, and Management, 4th Edition.  Editors: Mohr,
Choi, Grotta, Weir, and Wolf.  Churchill and Livingston, New York, NY.
2003; pp 301-25.

7. Canhao P, Ferro JM, Lindgren AG, Bousser MG, Stam J, Barinagarrementeria
F, for the ISCVT Investigators.  Causes and Predictors of Death in Cerebral
Venous Thrombosis.  Stroke 2005;36:1720-5.

8. Einhaupl KM, Villringer A, Meister W, Mehraein S, Garner C, Pellkofer M,
et al.  Heparin treatment in sinus venous thrombosis. Lancet. 1991;338:597-
00.

9. Masuhr F, Mehraein S.  Cerebral venous and sinus thrombosis: patients with
a fatal outcome during intravenous dose-adjusted heparin treatment.
Neurocrit Care. 2004;1:355-61.

10. Chow K, Gobin YP, Saver J, Kidwell C, Dong P, Vinuela F.  Endovascular
treatment of dural sinus thrombosis with rheolytic thrombectomy and intra-
arterial thrombolysis.  Stroke. 2000;31:1420-5.

11. Philips MF, Bagley LJ, Sinson GP, Raps EC, Galetta SL, Zager EL, et al.
Endovascular thrombolysis for symptomatic cerebral venous thrombosis.  J
Neurosurg 1999;90:65-71.

12. Gerszten PC, Welch WC, Spearman MP, Jungreis CA, Redner RL.  Isolated
deep cerebral venous thrombosis treated by direct endovascular thrombolysis.
Surg Neurol. 1997;48:261-6.

13. Spearman MP, Jungreis CA, Wehner JJ, Gerszten PC, Welch WC.
Endovascular thrombolysis in deep cerebral venous thrombosis.  AJNR Am J
Neuroradiol. 1997;18:502-6.

14. Osborne AG.  "The Extracranial Veins and Dural Venous Sinuses," in
Diagnostic Cerebral Angiography, 2nd Edition.  Editor, Osborne.  Lippincott,
Williams, and Wilkins.  Philadelphia, PA. 1999; pp 195-216.

15. Osborne AG.  "The Cerebral Veins," in Diagnostic Cerebral Angiography, 2nd
Edition.  Editor, Osborne. Lippincott, Williams, and Wilkins.  Philadelphia,
PA.  1999; pp 217-240.


