
of August 24, 2025.
This information is current as

Stroke
Urokinase and Mechanical Thrombolysis in
(Tirofiban) followed by Intra-Arterial 
Intravenous Glycoprotein IIb/IIIa Inhibitor

Gianfranco Gensini and Domenico Inzitari
Salvatore Mangiafico, Martino Cellerini, Patrizia Nencini,

http://www.ajnr.org/content/26/10/2595
2005, 26 (10) 2595-2601AJNR Am J Neuroradiol 

http://www.ajnr.org/cgi/adclick/?ad=57975&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_august2025
http://www.ajnr.org/content/26/10/2595


Intravenous Glycoprotein IIb/IIIa Inhibitor
(Tirofiban) followed by Intra-Arterial Urokinase

and Mechanical Thrombolysis in Stroke

Salvatore Mangiafico, Martino Cellerini, Patrizia Nencini, Gianfranco Gensini, and
Domenico Inzitari

BACKGROUND AND PURPOSE: The purpose of this study was to evaluate preliminarily the
efficacy and safety of intravenous tirofiban combined with intra-arterial pharmacologic and
mechanical thrombolysis in patients with stroke.

METHODS: Twenty-one consecutive patients with an acute ischemic stroke due to major
cerebral arteries occlusion and a National Institutes of Health Stroke Scale [NIHSS] score >18
were treated with an intravenous bolus of tirofiban and heparin followed by intra-arterial
administration of urokinase coupled with mechanical thrombolysis.

RESULTS: Thirteen patients had an anterior circulation stroke (T-siphon internal carotid
artery [ICA] � 7; middle cerebral artery [MCA] � 6), 6 patients a posterior circulation stroke,
and 2 patients an anterior plus posterior circulation stroke (left ICA or M1 tract of MCA plus
basilar artery occlusions). Mean NIHSS score on admission was 21 (range, 18–27). Immediate
recanalization was successful (thrombolysis in myocardial infarction [TIMI] 2–3) in 17 of 21
patients. The following day, 14 of 19 patients improved substantially and complete vessel
patency (TIMI 3–4) was confirmed by digital subtraction angiography. Intracranial bleeding
occurred in 5 of 21 patients (3 symptomatic cerebral hemorrhages and 2 subarachnoid
hemorrhages) and was fatal in the case of 3 patients. At discharge, the mean NIHSS was 5.4
(range, 0–25). Overall, at 3-month follow-up the functional outcome was favorable (modified
Rankin Scale score � 0–2) in 13 of 21 (62%) patients. Death (including all causes) at 90 days
occurred in 6 of 21 (28%) cases.

CONCLUSIONS: The combination of intravenous tirofiban with intra-arterial urokinase and
mechanical thrombolysis may be successful in reestablishing vessel patency and result in a good
functional outcome in patients with major cerebral arteries occlusions.

After intravenous thrombolysis, partial or complete
recanalization is obtained in only 10% of internal
carotid artery (ICA) and in 25% of middle cerebral
artery (MCA) occlusions (1). Symptomatic cerebral
hemorrhage (SICH) in 4%–6% and vessel reocclu-
sion are the major limitations to this treatment (2, 3).
In the Prolyse in Acute Cerebral Thromboembolism
(PROACT) studies (4, 5) intra-arterial thrombolysis
(IAT) in patients with MCA occlusion was at least as
effective as intravenous thrombolysis in improving the
outcome and more effective in reopening the oc-

cluded artery even if performed in a larger time win-
dow. The idea of combining the advantages of intra-
venous fibrinolysis with those of IAT was explored in
several trials and case series (6, 7, 8). Inhibitors of the
glycoprotein (GP) IIb/IIIa receptor are being used
alone or in combination with fibrinolytics to treat
patients with acute myocardial or cerebral ischemia
(8–12). The goal of this study was to assess the fea-
sibility, efficacy, and safety of the intravenous admin-
istration of tirofiban (Aggrastat, Merck, Whitehouse
Station, NJ) followed by intra-arterial pharmacologic
and mechanical thrombolysis in a consecutive series
of patients with stroke.

Patients and Techniques
Between April 2003 and June 2004, we treated 21

consecutive patients (12 men and 9 women; age
range, 34–85 years; mean age, 66.9 years). The ther-
apeutic window for anterior circulation stroke was �6
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hours. There was no exclusionary time period for
posterior circulation stroke.

All patients were evaluated at arrival by a stroke
team expert; the evaluation excluded intravenous re-
combinant tissue plasminogen activator (rtPA) ther-
apy. Inclusion criteria were based on the prediction of
a poor outcome, the demonstration of major cerebral
artery(ies) occlusion(s), and no or subtle early isch-
emic signs on admission CT (Alberta Stroke Program
Early CT [ASPECT] score �7) (13). Neurologic as-

sessment was performed by an independent neurolo-
gist by using the National Institutes of Health Stroke
Scale (NIHSS) and the modified Rankin Scale (mRS)
scores.

The cause of the ictus was cardioembolic in 15
patients (chronic atrial fibrillation in 12, combined
aortic valve endocarditis and acute atrial fibrillation
in 2, and patent foramen ovalis in one). In the re-
maining 6 patients, despite the presence of one or
more important risk factors for thromboembolism

FIG 1. Patient 19 with chronic atrial
fibrillation on warfarin (INR � 2.5) and
sudden onset of left hemiplegia and
mental confusion (NIHSS score � 19).

Subtle early signs of cerebral ischemia
were seen in the right basal ganglia re-
gion on the pretreatment plain CT (A).
The subsequent DSA with selective right
common carotid injection in the AP view
(B) showed a thromboembolic right si-
phon occlusion in the absence of collat-
eral circulation (not shown). Clot aspira-
tion, PTA, and local administration of as
much as 500,000 IU of urokinase re-
sulted in reopening of the siphon with
good filling of the proximal M1 tract, an-
terior cerebral artery, posterior cerebral
artery, and ophthalmic artery, the latter
originating directly from the siphon
through the posterior communicating ar-
tery (C). The late arterial phase of selec-
tive right internal carotid injection (LL
view) showed retrograde filling of distal
MCA branches through leptomeningeal
anastomosis as well as a deep avascular
area (D). The immediate postprocedural
CT scan showed marked (�90 HU) en-
hancement of right basal ganglia with
mass effect consistent with contrast ex-
travasation (E). After a transitory clinical
improvement (�4 points in the NIHSS
score) the patient worsened dramatically
6 hours later and on the control CT scan
a devastating cerebral bleeding with in-
traventricular inundation was observed
(F). The patient died the following day.
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FIG 2. Patient 8 with parossistic atrial
fibrillation and acute onset of dysarthria,
right hemiplegia and third cranial nerve
palsy followed by loss of consciousness
(NIHSS score � 18).

The AP view of selective left vertebral
artery injection (A) showed complete oc-
clusion of the basilar artery. The left PCA
completely filled through the posterior
communicating artery during selective
left internal carotid artery injection as ob-
served in the LL view (B). Mechanical
clot disruption (PTA) and as much as
1,000,000 IU of locally administered
urokinase resulted in a complete recan-
alization of the basilar artery and its col-
laterals (C). Persistent embolic occlusion
of the right P2–P3 segments of the PCA
is also seen. The AP view of selective left
vertebral artery injection obtained at the
control DSA 24 hours later showed com-
plete revascularization of the right PCA
(D). Turbo spin-echo T2-weighted MR
images in the sagittal plane 3 months
later demonstrated a small cortical in-
farct in the left posterior and basal as-
pect of the temporal lobe with scattered
ischemic spots in the brain stem and
cerebellar hemispheres (E). The patient
was discharged with a NIHSS score of 5
and at 3-month follow-up was able to
conduct a completely independent life-
style (mRS score � 1).
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(smoking, use of oestroprogestinics, diabetes, isch-
emic heart disease), the source of embolism remained
unidentified.

Five patients with chronic atrial fibrillation re-
ceived warfarin, with international normalized ratio
(INR) values ranging from 2.0 to 2.5. For 6 patients,
CT angiography (CTA) was obtained. In all patients,
tirofiban (0.4 �g/kg/min bolus for 3 minutes followed
by infusion of 0.1 mcg/kg/min) was started together
with heparin (2000–3000 IU bolus followed by 1000
IU/hour infusion throughout the procedure) immedi-
ately after the plain CT study performed on admis-
sion and as soon as occlusion of a major cerebral
artery was demonstrated by either CTA (6 cases) or
digital subtraction angiography (DSA). In patients
with anterior circulation stroke, the endovascular ap-
proach was homolateral to the occluded vessel in 19
patients and controlateral in 2 patients whose occlu-
sion sites were reached by a controlateral approach
through the anterior communicating artery because
of anatomic vessel constraints (kinking and looping of
ipsilateral cervical ICA). Recanalization was assessed
following the thrombolysis in myocardial infarction
(TIMI) classification.

An immediate postprocedural CT study was per-
formed for all patients, and they were monitored with
transcranial Doppler for �72 hours. Follow-up CT
and DSA were obtained 24 hours later in 19 patients.
The infusion of tirofiban (0.1 �g /kg/min) and heparin
(500 IU/hour) was maintained for 24 hours in 8 pa-
tients and for 48 hours in another. In 12 patients,
tirofiban was suspended earlier on the presumption
of an increased risk of cerebral (parenchymal contrast
enhancement or extravasation) or extracerebral
bleeding (groin hematoma, hematuria, nasal
bleeding).

Endovascular Techniques
All procedures were performed in a neuroangiog-

raphy suite equipped with DSA and road-mapping
capabilities. Six patients who were agitated and un-
cooperative required general anesthesia.

A 6F sheath was placed in the femoral artery, and
a 6F or 5F guiding catheter was advanced in the
ICA or the vertebral artery. Thrombus aspiration
was performed with a 60-mL syringe through the
guiding catheter whose tip was placed proximal to
the petrous bone in 6 cases of ICA occlusion and
the C2–C3 turn in a case of basilar artery (BA)
occlusion. In all cases, a microcatheter was ad-
vanced into the occluding thrombus under road
mapping. Attempts of microcathether-microguide-
wire (Terumo 0.016-inch, SilverSpeed 0.010-inch
or 0.014-inch, X-Pedion 10)–aided thrombus dis-
ruption and/or vessel angioplasty (percutaneous
transarterial angioplasty [PTA]) were performed
before the local delivery of the fibrinolytic agent
(urokinase, ukidan). The latter was locally admin-
istered up to a maximum total dose of 500,000 IU
for anterior circulation (mean, 400,000 IU; range,
300,000 –500,000 IU) and 1,000,000 IU for poste-

rior circulation (mean, 837,000 IU; range, 300,000 –
1,000,000 IU) stroke. In all cases but 2, PTA of the
occluding clot was also performed. PTA was per-
formed with an over-the-wire (X-Pedion 10), soft,
compliant 4 � 15 mm (Hyperglide, MTI Micro
Therapeutics Inch Goodyear, Irvine, CA) microbal-
loon that was slowly (�2 minutes) and gently in-
flated once or twice for a few seconds under road-
mapping visual control by using a hand-held device
(Cadence MTI, Micro Therapeutics).

Tirofiban and heparin infusion were continued
throughout the interventional procedure and for
24–48 hours thereafter whenever there was neither
intraprocedural bleeding nor suspicion of increased
risk of bleeding. In one case, they were suspended
because of hematuria, initial groin hematoma, and
nasal bleeding that required neither hemotransfusion
nor surgical intervention. In 11 patients, tirofiban and
heparin infusions were stopped because of demon-
stration of a marked enhancement of the ischemic
core (basal ganglia in 10 patients and brain stem in
another) on the immediate postprocedural CT.

In all but 2 patients, this enhancement disappeared
24 hours later and was consistent with contrast me-
dium extravasation through a disrupted blood-brain
barrier. Femoral artery hemostasis was obtained with
a vascular closure device (AngioSeal, St. Jude Medi-
cal, Minnetonka, MN) 24 hours later. After the inter-
ventional procedure, all the patients were moved to
the neurointensive care unit for 24–48 hours and
then to the stroke unit, or directly to the stroke unit.

The study was approved by the local ethics com-
mittee, and informed consent was obtained from each
patient.

Results
The timing and the most important neurologic and

outcome features are summarized in the Table. Ex-
clusion criteria from intravenous rtPA therapy for the
6 patients who arrived within the 3-hour frame were
as follows: ongoing anticoagulant (warfarin) therapy
within therapeutic range (INR, 2.0–2.5) for chronic
atrial fibrillation for 5 patients and age �80 years for
one patient. After the intravenous administration of
tirofiban, the time elapsed to local administration of
urokinase ranged from 30 to 80 minutes (mean, 53
minutes), which corresponds to the time necessary to
prepare the angiographic suite and/or reach the oc-
clusion site with the microcatheter. On admission, 13
patients presented with anterior circulation and 6
with posterior circulation stroke, and 2 patients pre-
sented with anterior plus posterior circulation stroke,
the severity of which ranged from 18 to 27 (mean,
21.5) points on the NIHSS. Pretreatment plain CT
scan of the head showed a spontaneous relative high
attenuation of the MCA in the case of 5 patients.
Subtle early CT signs of parenchymal ischemia were
detected in 12 patients. In 9 patients, the pretreat-
ment plain CT scan did not show any abnormalities.
CTA performed in of 6 patients showed occlusion of
a major cerebral vessel consistent with the clinical
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picture in all of them. DSA revealed that collateral
circulation through cortical leptomeningeal anasto-
moses between anterior cerebral artery (ACA) and
MCA and/or posterior cerebral artery (PCA) and
MCA territories was present in 9 patients with T-
siphon (n � 4) or MCA (n � 5) occlusions, and it was
poor or absent in all the remaining cases. At the end
of the procedure, the recanalization was absent or
insufficient (TIMI 0–1) in 4 patients. Successful, al-
beit partial, recanalization (TIMI 2) was observed in
6 patients. Near-complete or complete immediate
reperfusion (TIMI 3–4) was obtained in 11 patients.
Intraperiprocedural neurologic improvement was
noted in 15 patients (5 left T-siphon, 4 left M1, one
right M1, 5 BA) despite an unsuccessful (TIMI 1 in
one patient) or partial (TIMI 2 in 3 patients) recan-
alization after the procedure. The clinical picture re-
mained unchanged in 2 patients with TIMI 2 recan-
alization and worsened in 4 patients (one TIMI 2 and
3 TIMI 1, respectively). In one patient with anterior
plus posterior circulation stroke, an intraprocedural
rupture of the left MCA during PTA occurred. Post-
procedural CT showed single or multiple foci of
marked contrast enhancement in 8 patients (basal
ganglia, 7; brain stem, one). In 6 of these patients, the
enhancement occurred in the same areas where the
preprocedural CT scan had showed subtle early isch-
emic changes, and it was associated with mass effect
in one patient. In 2 patients, the immediate postpro-

cedural CT showed a subarachnoid hemorrhage
(SAH) (Fisher grade 1 in one patient and Fisher
grade 4 in the patient with intraprocedural MCA
rupture). In the 24 hours that followed, 2 patients
died: one from a devastating intracerebral bleeding
with ventricular inundation and the other as a conse-
quence of the intraprocedural MCA rupture. The
clinical picture progressively improved in 14 of 19
patients, and it remained stable or worsened in the
remaining 5 patients. On the control CT (24 hours
later), all foci of parenchymal enhancement but one
disappeared and were replaced by an area of low
attenuation without mass effect. In one patient, en-
hancement was replaced by a hemorrhagic transfor-
mation of the infarct and the patient died 3 weeks
later. In another patient, the clinical picture that had
initially improved suddenly deteriorated 2 days later
and a CT scan of the head showed hemorrhagic trans-
formation of a cortical left frontal lobe infarction.
Overall, 5 of 21 patients had intracranial bleeding
(symptomatic intracerebral hemorrhage [SICH]; 3;
SAH, 2), which resulted in a fatal outcome for 3 of
them. No systemic bleeding requiring transfusion or
surgery occurred. The control DSA at 24 hours was
performed in 19 of 21 patients and showed vessel
recanalization with good or complete reperfusion of
its peripheral territories (TIMI 3–4) in 14 of 19 pa-
tients, recanalization without reperfusion (TIMI 2) in
3 patients, and insufficient recanalization (TIMI 1) in

Preprocedural NIHSS score, occlusion location, timings, immediate and late recanalization scores, and treatment features with NIHSS and mRS
evaluation at discharge and at 3-month follow-up

Patient No./
Age (y)/Sex

NIHSS
(pre) Location

Time to
Tirofiban

(min)
TIMI,

Immediate
TIMI at
24 Hours

NIHSS at
Discharge

mRS at
3 Months Notes

1/65/F 25 T-siph L 220 3 4 2 1
2/69/F 18 BA 110 3 4 2 0
3/73/M 28 M1 L 110 3 3 2 2 SAH
4/73/M 18 T-siph L 120 3 3 2 2 48-hour tirofiban infusion
5/42/F 20 BA 600 3 4 8 1
6/49/M 22 T-siph L 180 1 2 12 Death Pulmonary embolism
7/73/M 25 BA 300 2 3 10 1
8/66/M 18 BA 240 3 4 5 1 Bleeding from frontal

basalioma
9/81/F 18 M1 L 180 2 4 0 0
10/72/F 18 M1 L 150 2 4 2 1
11/79/M 20 T-siph L 240 3 4 0 0
12/70/F 22 T-siph L 300 1 2 15 Death SICH, septic shock
13/73/M 18 M1–M2 L 265 2 2 12 3 Groin hematoma,

hematuria
14/85/M 25 BA 280 3 4 5 Death Myocardial infarct
15/52/F 18 M1 R 240 3 32 2 Nasal bleeding
16/66/M 27 BA � M1 L 240 2 N/A Death N/A SAH from L MCA

rupture during PTA
17/34/M 25 BA 300 1 1 25 5 Brain stem infarct
18/64/F 27 BA � T-siph L 290 1 1 Death N/A Brain stem infarct
19/71/M 19 T-siph R 150 2 N/A Death N/A SICH
20/68/M 20 T-siph L 290 3 3 3 2 SICH
21/80/F 18 M1 L 250 4 4 0 0

Note.—NIHSS indicates National Institutes of Health Stroke Scale; TIMI, thrombolysis in myocardial infarction grade flow; mRS, modified
Rankin Scale; T-siph, T-siphon occlusion of internal carotid artery; BA, basilar artery; M1, M1 tract of middle cerebral artery; M2, M2 tract of middle
cerebral artery; R, right; L, left, SAH, subarachnoid hemorrhage; SICH, symptomatic intracerebral hemorrhage; MCA, middle cerebral artery; PTA,
percutaneous transarterial angioplasty.
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2 patients. On the CT scan obtained before discharge,
small ischemic lesions in the basal ganglia or at cor-
tical-subcortical level were visible in 10 of 19 patients.
Two patients had a large brain stem infarct associated
with cerebellar infarcts, and 2 patients had a small
infarction in the temporo-occipital lobes associated
with scattered ischemic foci in the cerebellum and
brain stem. In 3 patients, the CT scan did not show
any abnormality, and in 2 patients a partial left MCA
territory infarct was detected. At discharge, the mean
NIHSS score was 5.9. At 3-month follow-up, the func-
tional outcome was favorable (mRS score 0–2) in 13
of 21 patients. Six patients died, 3 as a consequence of
the intracranial bleeding, one as a consequence of a
large brain stem and cerebellar infarctions, and 2 of
causes not directly related to the procedure or the
cerebral ischemic damage (pulmonary embolism and
myocardial infarct). Of the 2 patients with unfavor-
able outcomes at 90 days (mRS score �2), one was in
a persistent vegetative state and the other had a mRS
score of 3.

Discussion
In comparison with the PROACT II study, our

group of patients was characterized by a high NIHSS
score on admission (mean NIHSS of 21.5 vs 17). In
our series, 71% of patients had an angiographically
demonstrated T-siphon, BA, or ICA/MCA plus ver-
tebrobasilar embolism, involving the nondominant
cerebral hemisphere in only 2 patients. This group of
patients is usually bound to a dismal natural history.
In our series, successful revascularization occurred in
most patients at the end of the procedure (80% with
TIMI 2 or higher), and it progressed throughout the
following 24 hours even in those patients whose ves-
sel(s) appeared to be only partially reopened. The
following day, DSA showed that an improvement of
recanalization and reperfusion occurred in 43% of
patients. The fact that vessel recanalization, together
with improvement of the clinical conditions, contin-
ued to progress in the following 24 hours suggests that
tirofiban may play a role in continuing the thrombo-
lytic process and preventing reocclusion. Overall, de-
spite the small number of patients that limits compar-
isons, our recanalization rate (80%) was better than
in any reported series of stroke patients with a major
cerebral artery occlusion treated through an intra-
arterial approach and similar to the recently reported
experience of Deshmukh et al (14). Compared with
the poor prognosis of patients with this type of stroke
(controls) and with the results of series of patients
treated with IAT reported in a meta-analysis of Lis-
boa et al (15), both the clinical and the functional
outcomes may be good. Favorable outcomes at 3
months (mRS 0–2) were more frequent in our series
than in the control or the IAT group (66.6% vs 23%
and 41.5%) with a mortality rate (28.5%) only slightly
higher than the IAT group (27.2%) and lower than
the control group (40.0%). The outcome is especially
favorable in posterior circulation stroke (66.6% or
83%, if we include a patient who did very well after

the procedure and died a month later of myocardial
infarction). The bleeding risk related to the associa-
tion of intravenous GPIIb/IIIa inhibitors with intra-
arterial urokinase in acute stroke patients is yet un-
known. The overall incidence of intracerebral
hemorrhage in the Abciximab in Emergent Stroke
Treatment Trial study (16) was 15.9% for the abcix-
imab-treated group versus 1% for the placebo group.
Seitz et al (17) reported no higher incidence of hem-
orrhagic conversion in patients who received intrave-
nous rtPA plus tirofiban compared with intravenous
rtPA alone. By contrast, Cheung and Ho (18) re-
ported devastating hemorrhagic transformation of an
ischemic cerebral infarction in a patient receiving
intravenous abciximab together with aspirin and
tiklid. Qureshi et al (19) reported 7 patients who
developed fatal intracerebral hemorrhages after re-
ceiving abciximab during neurointerventional proce-
dures, all patients receiving concomitantly heparin
and clopidogrel. Tirofiban and low-dose rtPA—both
given intravenously in a small group of ischemic
stroke patients—did not produce any symptomatic
hemorrhage (10). No difference was observed (8)
comparing the bleeding risk after the intra-arterial
use of urokinase with or without intravenous abcix-
imab. Eckert et al (11) treated 3 patients with verte-
brobasilar occlusion with local intra-arterial rtPA in
combination with abciximab. Recanalization with
clinical improvement occurred in 2 of the 3 patients,
and there were no hemorrhagic complications. At
variance with the reported incidence of SICH in con-
trols and IAT group (3% and 9%), in our series we
had 3 SICHs (14%), 2 of which proved fatal. Desh-
mukh et al (14) treated 21 patients with a combina-
tion of intravenous rtPA, intra-arterial rtPA, mechan-
ical revascularization, and intravenous and/or intra-
arterial IIb/IIIa agents reporting a global incidence of
intracerebral hemorrhages similar to ours (14%),
though none symptomatic. In the series of Deshmukh
et al the mean NIHSS score on admission was 15
(range, 4–27) and only one of their patients had an
ICA occlusion, most being MCA (12 patients) or BA
(8 patients) occlusions. The increased risk of SICH in
our series compared with controls and IAT did not
translate into a correspondingly increased mortality;
however, because of the small series of patients, the
heterogeneous treatment and the uncontrolled study
design, caution is mandatory in generalizing from
these conclusions. We performed direct PTA of the
thrombus employing a very low invasive technique to
crush the clot (20). In one patient, repeated PTA of
the left MCA caused the vessel’s rupture with a fatal
SAH. Although the procedure was being performed
by an experienced operator well accustomed to an-
gioplasty and balloon-assisted aneurysm coiling, infla-
tion at the level of the distal M1 tract with an early
bifurcation resulted in vessel dissection and rupture.
Particular care should be taken when performing
multiple PTA of occluded vessels without knowledge
of distal anatomy. We used tirofiban in combination
with endovascular mechanical clot disruption sup-
ported by the idea that it could sustain the microcir-
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culation before, during, and after the interventional
procedures. In the small vessels, GP IIb/IIIa inhibi-
tors may prevent fibrin and platelet aggregates dep-
osition triggered by the endothelial procoagulant re-
sponse to flow reduction and leading to the collapse
of microcirculation (the so-called no-reflow phenom-
enon; 21, 22) In contrast, the marked procoagulant
activity observed in stroke patients treated with intra-
venous alteplase (23) suggests that fibrinolytics may
activate the coagulation cascade resulting in thrombin
formation. Thrombin increases fibrin deposition fa-
voring incorporation of platelets into the thrombus in
the downstream vascular territories (24) and may
obscure heparin-binding sites impeding heparin to
prevent reocclusion (25). According to these obser-
vations GP IIb/IIIa inhibitors might enhance the fi-
brinolytic response. The interaction between hypo-
perfusion and thromboembolism may explain the
reduced chance of late recanalization after intrave-
nous or intra-arterial treatment by using fibrinolytics
only or the reocclusion of partially disobstructed ves-
sels (accompanied by clinical deterioration) in a fairly
high proportion of patients in the TIMI 1 or 2 classes
at the end of interventional procedures. Compared
with abciximab, the nonpeptide antagonist tirofiban
has better steering properties, in light of its short
half-life (2 hours), and no allergenic properties, which
results in fewer side effects and allows its repeated
use (26). Finally, if proven effective, combining intra-
venous/IAT may be logistically challenging. Intrave-
nous treatment may start at a community hospital and
be continued after transfer to a referral tertiary care
center for intra-arterial lysis; even in our series the
mean time interval between intravenous tirofiban and
intra-arterial urokinase was 53 minutes.

Conclusion
Our experience suggests that the combination of

intravenous tirofiban with intra-arterial urokinase
and mechanical thrombolysis may be successful in
reopening an occluded major cerebral artery and pre-
venting its reocclusion; however, because of the small
series of patients, the heterogeneous treatment, and
the uncontrolled study design, caution is mandatory
in generalizing from these conclusions.
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