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OBJECTIVE AND IMPORTANCE: Dural sinus thrombosis can lead to Intra-

cranial venous hypertension and can

be complicated by intracranial

hemorrhage. We present a case report of a patient who underwent
endovascular recanalization and stenting of a thrombosed occipital sinus.
CLINICAL PRESENTATION: A 13-year-old patient with a history of chronic

sinus thrombosis refractory to anticoagu
onset of aphasia and hemiparesis. Com

ant therapy presented with acute

puted tomography and magnetic

resonance imaging revealed hydrocephalus and cerebral edema. Angiogra-
phy delineated multiple dural arteriovenous fistulae and persistent occlusion
of the posterior sagittal, occipital, and bilateral transverse dural sinuses with

retrograde cortical venous drainage.

INTERVENTION: After embolization of the dural arteriovenous fistulae, a trans-
venous approach was used to recanalize and perform balloon angioplasty of
the right internal jugular vein and the occipital and left transverse sinuses,
resulting in subsequent clinical improvement. The patient's condition dete-
riorated 3 days later with reocclusion of both balloon-dilated sinuses. Repeat
angioplasty and then deployment of an endovascular stent in the occipital
sinus were performed, and reestablishment of venous outflow was achieved,
resulting in a decrease of intracranial venous pressure from 41 to 14 mm Hg
and neurological improvement. At the 3-month follow-up examination, the
stented occipital sinus remained patent and served as the only conduit for

extracranial venous outflow; the patient
the 12-month follow-up examination.

remained neurologically intact at

CONCLUSION: This Is the first report of mechanical recanalization, balloon
angioplasty, and stent deployment in the occipital sinus to provide sustained
venous outflow for the treatment of venous hypertension with retrograde

cortical venous drainage in a patient with

dural pansinus thrombosis refrac-

tory to anticoagulant therapy. (Neurosurgery 44:896-901, 1999)
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enous sinus thrombosis can result
Vin Intracranial venous hypertension
and can be complicated by intracranial
hemorrhage. This condition usually re-
sponds to systemic anticoagulation, which
IS recommended even in the presence of
Intracranial hemorrhage (5). For patients
whose conditions fail to improve despite
anticoagulation, anumber of reports have
described good clinical success using di-
rect endoluminal infusion of urokinase
for reestablishing sinus patency (9,16,18).
We herein describe the first case of me-
chanical recanalization, balloon angio-
plasty, and endoluminal stent placement
within the occipital sinus for the treat-
ment of intracranial venous hypertension
In apatient with long-standing dural pan-
sinus thrombosis and acute clinical dete-
rioration despite systemic anticoagula-
tion. We discuss the clinical management
and technical aspects of the case, pro-
vide angiographic follow-up at 3 months
and clinical follow-up at 1 year, and dis-
cuss dural arteriovenous fistula (DAVF)

pathogenesis.

CLINICAL PRESENTATION

This 13-year-old male patient had a
history of a fall from a tree and had
presented with headache and pulsatile
tinnitus 15 months before the current
admission. At that time, magnetic reso-
nance (MR) imaging and diagnostic an-
giography revealed that the patient was
suffering from spontaneous dural pan-
sinus thrombosis of the superior sag-
ittal sinus, straight sinus, bilateral
transverse sinuses, and occipital sinus,
and he underwent a laboratory workup
for a hypercoagulable state, the results
of which were negative. His first angio-
gram revealed no arteriovenous shunts.
He was treated for 7 months with a
regimen oforally administered wartarm
and aspirin but presented at the time ot
the current admission with aphasia,
right hemiparesis, and engorged scalp
veins. MR imaging and computed to
mography showed no evidence of corti
cal infarct or intraparenchymal hernor
rhage (FIg. 1) but demonstrated dilatec
temporal horns and effacement ot the

basal cisterns, consistent with hydro
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cephalus and cerebral edema. di_
Venous structures were su and
lated so as to distort the ram /A nQ

result in cerebellar ectopia/ hernor-
evidence of Intraparenchyma led
rhage. Diagnostic angiograp vy . the
multiple DAVTs involving sepa y N

right transverse-sigmoid junction

A and B), the left transverse sinus, the
superior sagittal sinus, and
sinus. The right

the occipital
transverse sinus was
noted to be occluded, as was the superior

sagittal sinus at its junction with the tor-

cular herophili. Venous drainage was ret-

rograde via the anterior portion of the

superior sagittal sinus via collateral ve-
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FIGURE 1. A, sagittal Tl-weighted MR
Image of the head, without contrast
enhancement, demonstrating edema In
the posterior fossa and associated
tonsillar ectopia, consistent with venous
hypertension and edema. B, axial
Tl-weighted postgadolinium MR image
showing dilated temporal horns and
effaced basal cisterns with dilated
cortical veins.

FIGURE 2. A, lateral projection arterial
phase digital subtraction angiogram
(DSA) of the left internal carotid artery
(ICA), showing early arteriovenous
shunting from the meningohypophyseal
trunk to a DAVF In the region of the
transverse sinus (arrowhead).

B, arterial phase DSA of a left external
carotid Injection, revealing dural
arteriovenous shunting from the
ascending pharyngeal artery (short
arrow) and from the posterior branch
of the anterior division of the middle
meningeal artery (long arrow). Late
venous phase angiograms of the left
ICA In the lateral (C) and
anteroposterior (E) projections, the
right ICA the lateral projection (D), and
the left vertebral artery in the lateral
projection (F) confirm venous sinus
thrombosis in the posterior region of
the superior sagittal sinus, both
transverse sinuses, and the torcular
herophili. Venous drainage Is via
cortical veins with diversion to the
deep venous system and diversion
anteriorly to the cavernous sinus via
transcortical pathways. The anterior
falcine sinus Is patent.

nous channels to bilateral cavernous Si-

nuses and transosseous channels to the

scalp (FIg. 1, C-F). O f clinical importance

was the presence of retrograde cortical

venous drainage into a large posterior

temporoparietal vein, which may, in part,
have been responsible for the patient's left

hemispheric ischemia. A combination of
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superselective transarterial and trans-
venous approaches was used to embolize
the dural arteriovenous fistulae, with a
resulting decrease in the amount of arte-
riovenous shunting.

A transvenous approach was then un-
dertaken, and a diagnostic angiographic
catheter was positioned in the high cer-
vical left internal jugular vein (1JV)
where multiple attempts at catheteriz-
Ing the left sigmoid sinus were unsuc-
cessful. The catheter was then placed In
the right [JV, and attempts at recanaliz-
Ing the right sigmoid sinus were again
unsuccessful. A channel was, however,
found In the posterior medial right jugu-
lar bulb. Recanalization along this chan-
nel using a microwire/microcatheter
combination led to the occipital sinus,
torcular herophili, and then to the left
transverse sinus. Measurement of the
venous pressure yielded 41 mm Hg In
the left transverse sinus. An angioplasty
balloon catheter was guided over an ex-
change guidewire and used to balloon-
dilate, in an overlapping fashion, the
stenotic and partially thrombosed occip-
ital sinus, left transverse sinus, and a
stricture at the transverse-sigmoid junc-
tion (FIg. 3). After angioplasty, occipital

SiNUS venous pressure was measured at
21 mm Hg and antegrade flow was ob-
served down the occipital sinus to the
right 1IJV and the left transverse down to
the left IJV with disappearance of the
retrograde cortical venous drainage pat-
tern. The patient's mental status Im -
proved and hemiparesis cleared within
12 hours of the procedure, but he devel-
oped several transient episodes of apha-
sia 3 days later, prompting reevaluation.

Repeatangiography revealed reocclu-
sion of the previously recanalized and
dilated occipital sinus and right trans-
verse sinuses with return of retrograde
cortical venous drainage pattern. A de-
made to

cision was then repeat the

transvenous recanalization procedure.
A 9-French guide catheter (Cordis En-
dovascular, Miami Lakes, FL) was used
coaxially over a 5-French diagnostic an-
giographic catheter to catheterize the
high segment of the right IJV. A Rapid
Transit microcatheter (Cordis Endovas-
cular) was used over a microguidewire
to traverse and navigate the reoccluded
occipital sinus, torcular herophili, and
le ft transverse sinus and into the left 1JV
(Fig. 4). An exchange wire was then in-

serted over the microcatheter and ad-

%

J A

vanced to the level of the innominate
vein. A balloon was then passed over
the exchange wire and used to perform
balloon angioplasty of the entire venous
pathway from the right [JV, occipital
sinus, left transverse sinus, and left [JV.
The venous pressure measurement re-
vealed a value of 21 mm Hg. An 8 X
40-mm Schneider WallStent (Schneider
Inc., Plymouth, M N) was then inserted
over the guidewire and deployed in the
occipital sinus. The stent was then post-
dilated using an Optra 5 balloon angio-
plasty catheter (Cordis Endovascular),
after which venous pressure was mea-
sured at 14 mm Hg. After the deploy-
ment of the stent, there was evidence of
blood flow through the patent occipital
sinus outflow with disappearance of ret-
rograde cortical venous drainage (Hg. 40.
The patient made an uneventful recovery
from the procedure and remained neuro-
logically intact.

The patient was discharged home on
warfarin, ticlopidine, and aspirin. The
patient returned 3 months later, and re-
peat angiography revealed the persis-
tent p>atency of the occipital sinus stent
as the major extracranial outflow path-

way, with no evidence of cortical ve-

FIGURE 3. A, recanalization using a
femoral transvenous approach of the
occipital and left transverse sinuses.
Anteroposterior projection
fluorographic of the cranium, revealing
the microcatheter course from the right
Internal jugular to the occipital sinus,
torcular herophili, and left transverse
sinus. R, distal injection of the
microcatheter in the left transverse

sinus, revealing minimal flow through the largely
thrombosed left transverse sinus. An exchange guidewire
was used to catheterize the left I)V from a right internal
jugular venous approach and was used to perform balloon
angioplasty ot the occipital sinus and the left transverse
sinus. C, postangioplasty venous injection revealing the
significant improvement in venous outflow.
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FIGURE 4. Patient was taken back to
the neuroangiography suite 3 days
after undergoing angioplasty and
experiencing worsening episodes of
aphasia despite continued Intravenous
anticoagulation. Angiography revealed
reocclusion of the previously balloon-
dilated segments (not shown).

A, femoral transvenous approach was
again undertaken to pass a guidewire

through the occipital sinus and to the left transverse and
sigmoid sinuses and down into the [JV. B, 8 x 40-mm
Schneider WallStent was then deployed in the occipital
sinus over the guidewire. C, DSA of the left ICA, obtained
during the late venous phase, demonstrating patency of the
occipital sinus and passage of angiographic contrast to

the right [JV.

transarterial

underwent repeat

w hich
embolization using absolute ethanol via
its ascending pharyngeal and posterior

of the left middle meningeal

division
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FIGURE 5. Follow-up diagnostic DSA,
obtained at 3 months during the late
venous phase, of the right (A and C)
and left (B and D) ICAs In the lateral
and anteroposterior projections,
respectively. The angiograms
demonstrate continued patency of the
stented occipital sinus, which
constitutes the sole outflow among the
major venous sinuses. Note that the
previously balloon-dilated but
nonstented left transverse sinus Is
occluded.

After
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artery feeders. stent plac<

ical symptoms or deficits at 1 vy
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DISCUSSION

Dural sinus thrombosis Is usually
treated using systemic anticoagulation,
even in the presence of intraparenchy-
mal hemorrhage (5). A number of re-
ports have also described the use of su-

infusion of thrombolytics

perselective
through an indwelling catheter via both
a ftransjugular and transvenous ap-
proach, with good success (2, 9, 16, 18).
Although

urokinase

thrombolysis
Abbott

IL) was considered for

superselective
using (Abokinase;
Labs, Chicago,
the current patient, there was significant
concern regarding its potential efficacy,
considering the patient's extensive and
long-standing venous sinus thrombosis.
Although

Improved with

the patient's symptoms ini-

tia lly embolization of
the multiple DAVFs, he suffered recur-
rence of dysphasia, most likely as a re-
by docu-
This is

emphasized by the observed clinical im -

sult of ischemia produced

mented venous hypertension.

provement after mechanical recanaliza-
tion and angioplasty of the occipital and

left transverse sinuses. The value of

stent deployment in this patient was ev-
with balloon

iIdent after recanalization

angioplasty and systemic anticoagula-
tion failed to maintain the patency of the
occipital and left transverse sinuses for
longer than 3 days.

Intravascular stents are being used in -
creasingly for the treatment of extracra-
nial and, Iin select cases, Iintracranial ar-
including carotid

terial abnorm alities,

and vertebral stenosis and dissection
(22), and as a scaffold for coil emboliza-

Stent
the venous system Is less

tion of fusiform aneurysms (8).

placement in
prevalent because of the risk of long-
term thrombosis, considering the throm -
bogenicity of a foreign body Iin a non-

anticoagulated patient. Intravascular
stenting in the venous system has been
limited to cases of dialysis fistula steno-

sis (15), axillary-subclavian thrombosis
(17), and

cessfully (21). Stent placement in the in-

fresh venous thrombus suc-

tracranial venous system has been pre-

viously reported in the treatment of
stenosis of the transverse sinus but not
for treatment of an occluded sinus after
recanalization (12).

More recently, a case of traum atic bi-

lateral internal jugular venous thrombo -

described in which stent

the left 1JV

Intracranial pres-

SIS has Dbeen
placement into resulted In
significantly decreased
sure (4). Although we did not directly
measure intracranial pressure and did not
resort to cerebrospinal fluid diversion for
the current patient, previous work has es-
tablished that increased venous intracra-
nial pressure results in increased intra-
cranial pressure. Although spontaneous
thrombosis of the stented segment re-
mains a risk, its continued patency may
not only be the result of systemic anti-
coagulation but also may be because it
carries a very high flow rate. High flow

and associated shear stress induce in-
creased endogenous release of prostacy-
clin (7) and oxide (6), both of

which decrease platelet activation, and

nitric

iIncreased production of tissue-type

activator (3), which

plasminogen may

contribute to Iin dissolution of formed
clot.

This case illustrates the hypothesized
link between venous sinus thrombosis
and the resulting venous hypertension
and subsequent development of DAVF
(13, 14, 18). This patient had presented 15
months before the currentadmission with
a diagnosis of dural sinus thrombosis that
was not associated with any dural arterio-
venous shunting. Consistent with previ-
ous reports (1, 14), it is possible that the
venous sinus thrombosis may have led to
the downstream development of DAVFs.
Alternatively, DAVFs may form as acon-
sequence of venous hypertension alone,
perhaps by fostering the growth of arte-
riovenous shunts found within normal
pachymeninges. Induced venous hyper-
thrombosis has been

tension without

shown to produce DAVFs in rats, per-
haps mediated by an angiogenic factor
(10, 19, 20). In the case reported herein,
thrombosis of dural sinus was present
W ith

temic anticoagulation before the DAVFs

for some time concomitant sys-
formed, suggesting venous hypertension
as a contributing factor. It is possible that
the placement of the occipital stent and

the documented decreased

consequent
venous sinus pressure may have also con-
tributed to spontaneous DAVF thrombo-
sis and the decrease in DAVF prominence
revealed by the 3-month
giography (11). It

DAVFs formed during this interval.

follow-up an-

IS clear that no new
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CONCLUSION

case presented

In conclusion, the
herein illustrates the value of stent place-

mentin arecanalized and balloon-dilated
thrombosed dural sinus after reocclusion
as a means of providing a low-resistance

outflow pathway for venous hypertension.
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COMMENTS

Malek et al. describe a case of a 13-
year-old patient with a history of chronic
|Inus thrombosis refractory to anticoagu-
at therapy with associated focal neuro-
to venous hyper-
their

°gical deficits related
The

Tlanagement of an

ension. authors

present
extremely difficult

In addi-
U s -

hase w”h an excellent outcome.
J)n, this further emphasizes and

ates the presence of chronic venous hy-
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pertension as a cause of focal neurological
deficits. Reduction of pressure from 41 to
14 mm Hg after recanalization is further
objective evidence of the cause of this
that,

contrary to popular thought, stents can be

problem. This case also lillustrates

deployed in areas of low flow on the ve-
nous side, although | suspect that as the
number of cases increase, the incidence of
That

being the case, such antiplatelet agents as

stent thrombosis might be higher.

Reopro may be advantageous. As tech-

nology improves, application of endovas-
iIntracranial and

cular techniques to

venous disease will become more com -

monplace, and these authors introduce it
for disease on the venous side.

Robert H. Rosenwasser
Philadelphia, Pennsylvania

This article shows an innovative ap-

proach to dural sinus thrombosis. Place-
ment of a stent in this setting was prob-
ably the only way patency of the sinus
could be maintained. This case has all the
elements of disease affecting the dural si-
nuses, and the authors presenttheir excel-
lent management and documentation.

Stanley L. Barnwell
Portland, Oregon

The authors present a technical case
report of a 13-year-old patient with a
history of chronic sinus thrombosis re-

fractory to anticoagulant therapy with

the acute onset of aphasia and hemi-

paresis. The patient had a transverse si-

nus dural arteriovenous fistula, which

was embolized with transvenous and

transarterial approaches. A subtotal em -

bolization was achieved, and cortical

venous drainage and venous hyperten-

sion remained. It was therefore neces-

sary to recanalize through angioplasty

of the dural sinus drainage involving

the occipital sinus, torcula, and left

transverse sinus. The patient improved
12 hours,

clinically within and angio-

graphically, the cortical venous drain-
age resolved. However, within 3 days,
neurological symptoms returned and
repeat angiography revealed reocclu-

sion of the previously recanalized occip

ital sinus and right transverse sinus

W ith
The authors, at that time,

return of cortical venous drainage.
redilated the
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Occipital Sinus Stent 901

above mentioned venous pathways and
placed a WallStent (Schneider Inc., M in -
neapolis, MN) in the recanalized occip-
ital sinus. The patient remained without
neurological symptoms or deficits at the

l-year clinical and neurological
follow-up examinations.

In summary, this report illustrates the
throm -

value of stent

placement In a
bosed dural sinus as a means of provid-
Ing a low resistance outflow pathway
for venous hypertension. Indications for
this

and

stent placement were justified In

patient for whom more traditional

conservative therapy had failed. The au-

used a and

thors system atic

logical
that

reduction of venous

treatment approach resulted in an

almost iImmediate

hypertension. In addition, the authors
present an interesting discussion of the
uses of angioplasty and stenting of the
dural sinuses.

two

In our patients

experience with
with dural sinus stenoses with and with -
out thrombosis, the stented sinuses either
restenosed or occluded. The au-
this

the knowledge

rapidly
thors' enthusiasm for
should be
that stented veins (in body interventional

technigue

tempered by

cases) have very rapidly restenosed.

Perhaps in the future, some technique
such as intraluminal brachytherapy may
help to reduce these postvenous-stenting
restenoses.

found

As a technical we have

the flexibility
7-French
Reading,

note,
and trackability of the
sheath International,
PA)

rior to the 9-French guide catheter (Cor-

(Arrow

Inc., to be slightly supe-

dis Endovascular) used by the authors

In this report. This sheath may be ob-

tained in up to a 90-cm length and with -
valve, en-

out hemostatic

a proximal
abling the interventionalist to pass other
devices, such as WallStent delivery sys-
tems, coaxially or the use of diagnostic
catheters and microcatheters for an ef-

triaxial We have found

fective system.

this device to be extremely useful for

carotid stenting, as well as for guide
catheter access to the jugular venous
system.

Donald W. Larsen

George P. Teiltelbaum
Interventional Neuroradiologists
Los Angeles, California



