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Direct Thrombectomy Using the Penumbra Thromboaspiration Catheter for the
Treatment of Cerebral Venous Sinus Thrombosis
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INTRODUCTION

Cerebral venous sinus thrombosis (CVST)
is a rare disease that accounts for less than
1% of all strokes (20). Both genetic and en-
vironmental factors are believed to contrib-
ute to intracranial dural sinus thrombosis,
including hereditary coagulopathies, infec-
tion of cranial sinuses, trauma, smoking,
and use of oral contraceptives. Systemic
thrombolysis with the use of heparin with
conversion to oral warfarin is the most
widely accepted treatment for CVST. Direct
mechanical thrombolysis is typically re-
served for thrombi refractory to pharmaco-
logic management or for patients with
acute neurological deterioration. Recent
advances in neurointerventional devices
have expanded endovascular treatment mo-
dalities for CVST. We describe the success-
ful use of the Penumbra thromboaspiration
catheter (Alameda, California, USA) in the
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management of a young woman who pre- i
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ented to our institution in a rapidly deteri-
rating neurological state secondary to su-
erior sagittal sinus (SSS) thrombosis.

ASE PRESENTATION

21-year-old right-handed woman pre-
ented to an outside hospital in January of
010 with complaints of severe, progres-
ively worsening headaches. The patient
ad been dehydrated for several weeks be-

ore presentation secondary to a gastroin-
estinal illness. Initial laboratory testing re-
ealed an elevated creatinine level (�4.0).
he patient denied any previous history of
oagulopathy or tobacco product use but
as taking daily oral contraceptives. She re-
ained neurologically intact at the time of

dmission to the outside hospital. A con-
rasted computed tomography (CT) scan of
he head revealed an “empty delta sign”
ith thrombus filling the posterior SSS and

arly edema in the left parietal and occipital
obes. No evidence of hemorrhagic trans-
ormation was noted. She was started on an
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he SSS thrombus. The patient experienced
rapid decline in her neurological status on

he morning of her third hospital day with
ubsequent right-sided hemiparesis (1/5
trength in the arm and leg) and obtunda-
ion. She was transferred to our hospital
nd admitted to the neurointensive care
nit. A repeat noncontrasted head CT re-
ealed hemorrhagic venous infarctions in-
olving the left frontoparietal and occipital
obes as well as the right orbitofrontal re-
ion (Figure 1). On the basis of the patient’s
apidly declining clinical status despite an-
icoagulation therapy, she was taken emer-
ently to the endovascular suite. Her obtun-
ation improved somewhat following a
olus of mannitol. A 6-Fr sheath was placed

nto the right common femoral artery and a
erebral angiogram was performed with a
-Fr diagnostic catheter.

The posterior third of the SSS was oc-
luded with retrograde filling of contrast
nto several large cortical veins (Figure 2). A
-Fr sheath was then placed into the right
emoral vein. A 5-Fr diagnostic catheter was
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(Terumo, Somerset, New Jersey, USA) into
the left transverse sinus. A Cook exchange-
length wire (Bloomington, Indiana, USA)
was then navigated into the left transverse
sinus, and the 5-Fr guide catheter was ex-
changed for a 6-Fr Terumo destination
sheath (Somerset, New Jersey, USA). The
0.054-inch Penumbra thromboaspiration
catheter was then navigated over an Agility
14 microwire (Cordis Neurovascular, Mi-
ami, Florida, USA) through the thrombus

Figure 1. Noncontrasted head CT obtained
following the patient’s rapid neurological
decline revealing hemorrhagic conversion of
a venous infarction involving the left parieto-
occipital region. Note the persistent
hyperdense thrombus in the posterior
superior sagittal sinus (SSS) despite systemic
heparinization. A small right orbitofrontal
hemorrhagic venous infarction was observed
on a higher axial cut (not pictured).

Figure 2. Lateral digital subtraction angiogram
illustrating thrombosis of the posterior
superior sagittal and proximal transverse
sinuses. Note delayed contrast filling of
multiple cortical veins consistent with venous
w
hypertension.
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nto the anterior portion of the SSS. Suction
as then applied through the Penumbra

atheter (�25 inches of Hg) and mechani-
al thrombectomy was performed over 5
inutes with use of the Penumbra separa-

or wire in an anterior to posterior direc-
ion. Brisk venous blood was aspirated after
reaking up several large pieces of clot.

An angiogram was then performed,
hich demonstrated subtotal, but suc-

essful recanalization of the SSS (Figure
). Repeat angiography was performed af-
er 10 minutes confirming blood flow
hrough the affected sinus. The patient’s
btundation improved within 20 minutes
f mechanical thrombectomy; thus, no
dditional thrombolytic agents were ad-
inistered and no additional passes with

he Penumbra catheter were attempted.
ll catheters were then removed, and the
atient returned to the neurointensive
are unit for frequent neurological
hecks. She remained on intravenous
eparin after the procedure. Less than 12
ours after the intervention, the patient’s

evel of consciousness significantly im-
roved to following complex commands
ilaterally. She regained orientation to
elf and would open her eyes to verbal
ues. Her right-sided strength improved
o 3/5 in the arm and leg. A hematology
onsultation was obtained, and the pa-
ient was started on therapeutic twice-
aily subcutaneous fractionated heparin
ith discontinuation of the intravenous
eparin drip.

She experienced several generalized ton-
c-clonic seizures after recanalization that

Figure 3. Lateral digital subtraction angiogram
after thrombolysis using the 0.054-inch
Penumbra thromboaspiration catheter. There
is improved venous flow through the SSS.
ere aggressively managed with several an-

WORLD NEUROSURGE
iepileptic medications administered by the
eurology service. The patient’s neurologi-
al status normalized on postprocedure day
with the exception of 4/5 strength in the

ight arm and leg. She was transferred to
he general neurosurgery ward and dis-
harged to a rehabilitation facility shortly
hereafter on warfarin and valproic acid for
eizure prophylaxis. By 30-day follow-up,
he patient’s right-sided hemiparesis had
ompletely resolved, and she returned to
er baseline neurological status. Her co-
gulopathy panel revealed a heterozygous
utation of the prothrombin gene for
hich she was prescribed a 12-month regi-
en of warfarin per hematology recom-
endations. At 6-month follow-up, the pa-

ient had returned to work and continued
er undergraduate studies without addi-

ional seizures. Her valproic acid was ta-
ered off, and she abstained from taking
ral contraceptives. A follow-up magnetic
esonance venography (MRV) revealed com-
lete sinus recanalization (Figure 4).

ISCUSSION

VST is an infrequent cause of stroke. The
xact incidence of CVST is unknown but
anges from 0.03% to as high as 9% on
utopsy series (5, 12, 15, 26). Various fac-
ors are believed to contribute to CVST,
uch as hypercoagulable states, infection of
ranial sinuses and otitis, as well as the use
f oral contraceptives and tobacco prod-
cts. Interestingly, as high as 40% of cases
re thought to be idiopathic (6). CVST is
ore common in young women, particu-

arly during puerperium (3, 6). Headache is

Figure 4. Six-month follow-up magnetic
resonance venography (MRV) revealing

complete sinus recanalization.

RY, DOI:10.1016/j.wneu.2011.02.020
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the most common presentation and is esti-
mated to occur in up to 80% of cases (6).
Other symptoms related to elevated intra-
cranial pressure are common including
nausea with or without emesis and visual
disturbances. Focal neurological deficits
and/or seizures may occur in conjunction
with venous hypertension or related cere-
bral infarction and/or hemorrhage (22).
The goal of therapy is to recanalize the af-
fected venous sinus(es) to improve clinical
signs and symptoms. Patients with rapid
neurological decline secondary to venous
hypertension and/or intracranial hemor-
rhage should be considered for direct
thrombolysis.

Several publications have described the
use of chemical thrombolytics, including
intravenous heparin (14) and low molecular
weight heparin (11) with varying clinical re-
sults. The International Study on Cerebral
Vein and Dural Sinus Thrombosis was a
multinational, prospective observational
study that enrolled 624 adult patients diag-
nosed with CVST (16). Although the choice
of therapy was not regimented, 520 (83%)
of the patients were anticoagulated acutely
with either intravenous heparin (64%) or
low-molecular-weight heparin (35%). At a
median follow-up time of 16 months, 57%
of patients were asymptomatic, and ap-
proximately 32% of patients had mild or
moderate impairments. Patient factors pre-
dictive of worse outcome on multivariate
analysis included coma at the time of pre-
sentation, thrombosis of deep cerebral
veins, cancer, and central nervous system
infection. Patients are then typically transi-
tioned over to oral warfarin and maintained
on anticoagulation with a goal international
normalized ratio between 2 and 3 for 6
months. Prolonged anticoagulation is rec-
ommended for patients with hereditary
thrombophilias or recurrent CVST (13).

Direct thrombolysis may be performed
with the use of pharmacologic agents and
thrombectomy via mechanical techniques.
The earliest published reports involved pro-
longed local infusions of urokinase into the
superior sagittal sinus through direct sinus
cannulation following either midline crani-
otomy (23) or percutaneous transcranial
puncture (17). Direct mechanical throm-
bectomy also has been described in the
treatment of CVST. Balloon catheter throm-
bectomy (7, 24, 25), rheolytic therapy with

the AngioJet catheter system (Possis Medi- a

WORLD NEUROSURGERY 77 [3/4]: 591.e
al, Minneapolis, Minnesota, USA) (2, 4, 9,
0, 27), and snare devices (21) have been
uccessfully used to achieve sinus recanali-
ation. The AngioJet system, which was de-
igned for use as a thromboaspiration cath-
ter in cardiovascular applications, is
elatively rigid and difficult to navigate
hrough the intracranial circulation.

Recently, technological innovations have
ielded mechanical devices with improved
andling properties and navigability for the

reatment of acute arterial stroke. The Merci
lot retriever (Concentric Medical, Moun-
ain View, California, USA) is a snare-type
evice that removes thrombus in a cork-
crew fashion using a series of coiled wires.
his device was used in combination with

ocal recombinant tissue plasminogen acti-
ator infusion by Khan et al. (18) to restore
ow in the SSS of a middle-aged woman.
he required repeat mechanical thrombec-
omy with a 5-Fr Pronto V3 catheter (Vascu-
ar Solutions, Incorporated, Minneapolis,

innesota, USA) for a decline in neurolog-
cal status on postprocedure day 1.

The Penumbra system achieves mechan-
cal clot lysis using a separator wire under
acuum suction. Kulcsar et al. (19) recently
erformed serial mechanical thrombecto-
ies (at 0, 24, and 48 hours) using the

.041-inch Penumbra device in combina-
ion with a 60-hour infusion of local uroki-
ase (50,000 U/h) to successfully recanalize
thrombosed SSS in a 16-year-old female

atient. Follow-up one-year MRV revealed
omplete patency of the superior sagittal
nd right transverse sinuses with persistent
cclusion of the left transverse and sigmoid
inuses. Choulakian and Alexander (8) re-
ently described four adult patients with
VST who underwent mechanical throm-
ectomy using the 0.041-inch Penumbra
ystem. Three patients received adjuvant
alloon angioplasty to achieve satisfactory
ow. No direct pharmacologic thromboly-
is was performed, but three patients re-
eived postprocedural systemic anticoagu-
ation. Follow-up MRV was available for
ne patient, which showed sinus patency at
months.
This case report details successful recanali-

ation of a thrombosed intracranial sinus in
n adult patient using the 0.054-inch Penum-
ra thromboaspiration catheter without adju-
ant local pharmacologic thrombolysis or
dditional mechanical interventions such

s balloon angioplasty. The larger internal

15-591.e18, MARCH/APRIL 2012 www.WOR
iameter of this catheter allows for stronger
hromboaspiration, potentially effecting

ore rapid sinus recanalization. The pa-
ient did not require direct chemical throm-
olysis or repeat mechanical interventions,
s she showed clinical improvement imme-
iately following mechanical thrombec-

omy. She had a complete recovery and re-
urned to work less than one month after
he procedure. At six-month follow-up, the
atient remained neurologically intact
ithout any interval seizures and complete

inus recanalization on MRV. The Penum-
ra device, which has been shown to be a
aluable tool in the management of acute
rterial ischemic stroke (1), may prove ef-
ective in the rapid recanalization of throm-
osed intracranial dural sinuses.
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