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Abstract
Introduction Intra-arterial (IA) thrombolysis with plasmino-
gen activator is well-known, but the use of IA tirofiban as an
adjuvant for IA thrombolysis is not well-known. We investi-
gated the feasibility of IA tirofiban as an adjuvant after
unsuccessful IA recanalization with urokinase (UK) for acute
ischemic stroke.
Methods We retrospectively analyzed all 16 consecutive
patients (11 men and five women; mean age, 61.3 years;
range, 36–85 years) who were treated with IA tirofiban after
isolated IA thrombolysis with UK or bridging therapy with
systemic recombinant tissue plasminogen activator (rt-PA;
0.6 mg/Kg) and IA UK for acute ischemic stroke. Outcome
measures included angiographic recanalization (thrombolysis
in cerebral infarction, TICI), symptomatic and asymptomatic
intracerebral hemorrhage (ICH), mortality, and functional
independence at 3 months (modified Rankin Scale, 0–2).
Results Among the 16 patients treated with IA tirofiban as
an adjuvant, 10 patients had conventional dose (<25 ug/kg,
bolus) and six patients had high dose (≥25 ug/kg, bolus) of

IA tirofiban after unsuccessful IA thrombolysis whether
systemic rt-PA used or not. Successful angiographic
recanalization (TICI grade 2b or 3) was achieved in 13
patients (13/16) and a functional independence at 3 months
in eight patients (8/16). Three months after therapy, three
patients had died. There were two patients of symptomatic
ICH and four asymptomatic ICH.
Conclusion Conventional dose of IA tirofiban as an
adjuvant during IA thrombolysis for acute ischemic stroke
seems feasible. However, further dose escalation studies
should be performed regarding the IA use of tirofiban for
acute ischemic stroke.
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Since the Prolyse in Acute Cerebral Thromboembolism II
(PROACT II) study [1], intra-arterial (IA) therapy with a
plasminogen activator has been increasingly used to treat
acute ischemic stroke patients with contraindications for
intravenous (IV) recombinant tissue plasminogen activator
(rt-PA) or those who have not obtained recanalization after
IV thrombolytic therapy [2]. Recent IA thrombolysis for
acute ischemic stroke has evolved into mechanical disruption
such as direct suction of the thrombus or stenting of an
obstructed segment [3–5]. However, medical IA thrombol-
ysis should not be excluded as it sometimes has better
results. There are still problems such as reocclusion of a
revascularized vessel and formation of fresh thrombi, even
with mechanical disruption, due to platelet activation [6–10].
There have been many clinical approaches to solving these
problems of IA thrombolysis. A combination of thrombolytic
therapy with glycoprotein IIb/IIIa inhibitor administration
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during IA thrombolysis for acute ischemic stroke is one of
those clinical approaches [11–15]. Most of these combination
therapies are IV use of glycoprotein IIb/IIIa inhibitor [16,
17]. However, there are only a few reports about the use of
IA glycoprotein IIb/IIIa inhibitor [11, 15]. Furthermore,
experience with IA tirofiban in acute ischemic stroke is very
rare. IA use of tirofiban has several advantages compared
with IVadministration during the IA thrombolysis [18].

We hypothesized IA tirofiban as an adjuvant in the IA
thrombolysis may have synergic effect on the clot. So we
used IA tirofiban in the IA thrombolysis in selected acute
ischemic stroke patients and investigated the feasibility of
IA tirofiban as an adjuvant for acute ischemic stroke.

Patients and methods

Patient selection and acute stroke imaging protocol

From May 2008 to October 2009, 118 patients were admitted
within 6 h after symptom onset for acute ischemic stroke to our
hospital. Among these 118 patients, 48 patients underwent IV
or IA thrombolytic therapy according to the critical pathway
for acute stroke in our hospital. Among these 48 patients, 18
patients were treated only with IV rt-PA (0.9 mg/Kg), eight
with both IV rt-PA (0.6 mg/Kg) and IA thrombolysis with
urokinase (UK), and 22 with only IA thrombolysis with UK.
Of the 30 patients who underwent IA thrombolytic therapy, 16
patients were treated with IA tirofiban (Aggrastat®) as an
adjuvant of IA thrombolysis. We evaluated the clinical and
radiological information of these 16 patients who received IA
tirofiban during IA thrombolysis. We excluded the 14 patients
who underwent IA thrombolysis without IA tirofiban therapy.
We obtained approval for the retrospective analysis of the
patients who received IA tirofiban during IA thrombolysis
from our local ethics committee.

When a patient arrived at our hospital within 3 h after
symptom onset and there were no contraindications for IV
thrombolysis, we initially treated the patient with IV rt-PA
(0.6 mg/Kg, 15% of the dose was given as a bolus during
1 min and the remainder was given as a constant infusion
during 30 min) after noncontrast brain CT to confirm the
absence of hemorrhage, and MRI with MR angiography
(MRA) was performed. If the occlusion of the major
vessels such as middle cerebral artery (MCA), internal
carotid artery (ICA), posterior cerebral artery (PCA), or
basilar artery (BA) was suspected, IA thrombolysis was
considered. If the branch occlusion such as M2 of the MCA
was suspected in MRA or IA approach was impossible, we
gave the patient the remaining rt-PA (0.3 mg/Kg). When a
patient arrived between 3 and 6 h after symptom onset, we
always performed the MRI and MRA without brain CT.
After MRI and MRAwere performed, a team consisting of

an interventional neuroradiologist and stroke neurologist
decided whether IA thrombolysis should be performed or
not. The other inclusion criteria of IA thrombolysis were those
patients (1) whose National Institutes of Health Stroke scale
(NIHSS) scores were higher than four points, (2) who
underwent initial diffusion-weighted imaging (DWI) and
MRA showing the nonvisualization of major intracranial
vessels that explained the patient’s clinical symptoms, and
(3) who showed a DWI-identified lesion less than 1/2 of the
total MCA territory. We also followed the exclusion criteria
of thrombolysis used in the PROACT II study.

After bridging IV rt-PA and IA thrombolysis with UK or
isolated IA thrombolysis, we infused IA tirofiban with
mechanical thrombolysis with microwire if there was no
response to IA thrombolysis or suspicion of reocclusion of
partially recanalized vessel. The enrolled patients in our
study are summarized in Fig. 1.

Angiointerventional procedures

If a patient required IA thrombolysis, we fully explained
the procedure to the patient and/or their families and
obtained a written informed consent for the therapy. IA
thrombolysis was performed under conscious sedation in all
patients. After the common femoral artery was punctured, a
five or six French-guiding catheter was positioned in either
the cervical ICA or the VA. We performed conventional
cerebral angiography to identify the occluded segment. The
side arm of the guiding catheter was continuously flushed
with pressurized and heparinized normal saline. And also a
maximum of 3,000 units of heparin (2,000–3,000 units)
were administered intravenously. A microcatheter was
positioned proximal to the occluded segment. We infused
50,000–100,000 units of UK via microcatheter and tra-
versed the occluded segment with the microwire and
microcatheter. And then we performed an angiogram with
the microcatheter to confirm the extent of the occluded
segment and repeated the same procedure until recanaliza-
tion was achieved. Attempts were made to disrupt the
occluded thrombus with the microwire and induce distal
migration (mechanical disruption with microwire) at the
same time. The use of IA tirofiban was decided based on
the criteria which included (1) reocclusion of partially
recanalized vessel and (2) no response to IA UK and
mechanical disruption with microwire. If the criteria met,
we infused tirofiban just as boluses through a microcatheter.
Each bolus consisting of 0.25 mg of tirofiban (mixed with
normal saline to make a total of 20 mL of fluid) was infused
over 3 min. For a 60 kg patient, this would be approxi-
mately 1.39 ug/min/kg in each bolus infusion. Following
this, angiogram was performed via the guiding catheter. If
there were still remaining occlusions, further tirofiban
infusions were carried out as above. Table 1 shows the
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total amount of Tirofiban used in each of the patients in our
study. We did not exceed a total of 2 mg of tirofiban and
400,000 units of UK except in one patient with total BA
occlusion. During the procedure, the patient’s neurological
status was continuously monitored by the stroke neurolo-
gist. After IA thrombolysis, all patients were monitored in
the intensive care unit for at least 24 h, and antithrombotics
including intravenous tirofiban or anticoagulation therapy
were not administered within 24 h following AHA/ASA
guideline [19].

Clinical outcome evaluation

We assesed the number of recanalized vessels, symptomatic
and asymptomatic ICH, procedural complications, renal
insufficiency, death, and the outcome variables including
the pre- and postprocedural NIHSS scores, and modified
Rankin Scale (mRS) at 3 months. Recanalization status was
classified according to the Thrombolysis in cerebral
infarction (TICI) classification (grade 0, no perfusion;
grade 1, penetration with minimal perfusion; grade 2a,
partial filling 2/3 of the entire vascular territory; grade 2b,
complete filling, but the filling is slower than normal; grade
3, complete perfusion). Favorable clinical outcome was
defined as a decrease of four points on the NIHSS score at
7 days after IA therapy compared with a baseline NIHSS
score and 0–2 on the mRS score at 3 months.

Results

The overall clinical outcomes are outlined in Table 1. All
patients’ consciousness was variable from alert to stupor
according to the involving lesions. Among the 16 patients,
11 were men and five were women (36–85 years of age;
mean, 61.3 years). In patients treated with IA tirofiban, IV

rt-PA (0.6 mg/kg) was given to eight patients as a bridging
therapy. The initial mean NIHSS score of the 16 study
patients was 12.9 (median, 14; range, 5–23). Of these
patients, 12 had anterior circulation obstruction (ICA, three;
MCA, nine) and four patients had posterior circulation
obstruction (BA , three; PCA, one). The mechanism of
ischemic stroke was determined according to TOAST
classification: large artery atherosclerosis in 11 patients,
cardioembolism in two, other determined in one, and
undetermined in two. CT and MRI were performed in 10
patients, and only MRI in six patients as initial imaging
study. The mean interval between the initial brain CT and
the subsequent MR was 62.5 min in the 10 patients who
were performed both CT and MRI as initial imaging study.
The mean interval between stroke onset and initial
angiogram was 240 min. Initially, all 16 patients presented
complete or near-complete vessel occlusion (TICI grade 0
or 1). Endovascular treatments included IA pharmacolog-
ical thrombolysis (UK) and mechanical thrombolysis with
microwire. Thirteen patients (13/16) achieved partial to
complete recanalization (TICI grade 2b or 3). Procedure-
related complications did not develop. No myocardial
infarction or gastrointestinal hemorrhage occurred after
endovascular treatment. Favorable clinical outcome (mRS
score ≤2) at 3 months was achieved in eight patients (8/16).
Three patients had died (3/16), one patient due to ICH, one
severe cerebral edema due to reocclusion leading to
herniation, and one undetermined cause leading to shock.
Microbleeds (MBs) were observed in four patients on
preprocedural gradient-echo MRI in the following loca-
tions: left frontal lobe, left cerebellum, pons, and multiple
sites including basal ganglia, thalamus, and brainstem.
Among these four patients, only one patient developed
symptomatic ICH, the other three patients did not develop
significant ICH. The total number of patients who devel-
oped hemorrhages was six, and among these, symptomatic

70 patients were not treated with IV or IA 
thrombolysis

48 patients were treated with IV or IA 
thrombolysis

18 patients were treated with IV thrombolysis 
only (rt-PA 0.9 mg/Kg)

30 patients were treated with IA (+/- IV) 
thrombolysis

14 patients were treated without IA tirofiban

16 patients were treated with IA tirofiban as an 
adjuvant of IA thrombolysis,
[8patients with IV rt-PA (0.6 mg/Kg) + IA 
thrombolysis with urokinase, and 8 patients 
with IA thrombolysis only]

; Enrolled patients

118 patients were admitted within 6 hours after 
symptom onset.

Fig. 1 Summary of enrolled
patients
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ICH developed in two patients. Of the two patients who
developed symptomatic ICHs, one patient with right MCA
territory infarct had fluctuating BP during the procedure
and had multiple microbleeds (Fig. 2.) and was treated with
2 mg of IA tirofiban. With the other patient with total BA
occlusion and ultimately ICH, there was an aggressive
attempt for recanalization despite of the possibility of
danger. The mean initial BUN and serum creatinine were
17.5 (10–32.1, SD 5.9) and 1.1 (0.87–1.89, SD 0.2),
respectively. Renal function was not aggravated after IA
thrombolysis with tirofiban.

Discussion

Acute ischemic stroke results from thrombotic or embolic
occlusion of cerebral vessels which supply blood to the
brain [20]. The primary constituents of the initial thrombus
are platelets and fibrin [21]. In pharmacologic IA throm-
bolysis, the role of fibrinolytic agents such as plasminogen
activators has been heavily stressed compared with the role
of antiplatelet agents. However, after the reporting of
reocclusion of recanalized vessels in acute ischemic stroke
[6, 7] and adverse effect of fibrinolytic agents such as
increasing thrombin activity and platelet activation [10, 22–

24], antiplatelet agents such as GP IIb/IIIa inhibitors are
receiving attention. Glycoprotein IIb/IIIa receptors on the
surface of platelets have a critical role in thrombosis [25].
And Glycoprotein IIb/IIIa inhibitor is a selective and potent
antiplatelet [25]. Sometimes, it does not only inhibit the
platelet function, but also plays a role in thrombolysis on
the proximal clot [26, 27]. To increase the efficacy of IA
thrombolysis, there have been several pilot studies of
combined thrombolytic therapy with glycoprotein IIb/IIIa
inhibitors [11–13, 15]. Among the many kinds of glyco-
protein IIb/IIIa inhibitors, abciximab, tirofiban, and eptifi-
batide are commonly used. Among these three glycoprotein
IIb/IIIa inhibitors, only abciximab was investigated with
phase III trial in the acute ischemic stroke. Unfortunately,
however, the phase III trial of IV abciximab was halted
because of increased rate of ICH and lack of efficacy,
compared with the placebo arm [28]. Several reports have
noted that tirofiban and eptifibatide were feasible for
treating acute ischemic stroke [11–13, 29–32]. Considering
the point of reversibility of the action on platelets, tirofiban
and eptifibatide may be safer than abciximab [25, 30]. Most
of these studies about tirofiban and eptifibatide have been
IVadministration up to date. IA use of glycoprotein IIb/IIIa
inhibitor has several advantages compared with IV admin-
istration during the IA thrombolysis. First, as direct delivery

Table 1 Demographics and clinical outcomes of patients treated with IA tirofiban as an adjuvant of IA thrombolysis

Patients Age
(year)

Sex Site of
occlusion

Initial
NIHSS

IV rt-PA
(mg)

Urokinase
(KU)

Tirofiban
(mg)

TICI grade
after IAT

ICH 7-Days
NIHSS

3-Months
(mRS)

1a 54 M R ICA 14 52.2 300 0.35 III No 6 2

2a 59 M BA 19 32.4 100 0.4 III HI 2 1 1

3a 50 M L ICA 15 46.8 150 0.5 III HI 1 8 4

4a 74 M R MCA 18 37.8 200 0.5 0 No 10 4

5a 51 M BA 5 45.0 100 0.5 IIb No –b 6

6a 36 M R MCA 6 54.0 100 0.5 IIb No 0 0

7 70 F L ICA 18 0 100 0.5 III No 7 2

8a 75 F R MCA 6 36.0 200 1 IIa No –b 6

9 57 M R MCA 5 0 300 1 IIb No 0 0

10a 56 M L MCA 7 43.8 200 1 III HI 1 3 1

11 66 F R MCA 18 0 300 2 III PH 2 24 5

12 63 M R PCA 15 0 200 2 IIb No 0 1

13 85 F R MCA 14 0 400 2 0 HI 2 14 5

14 38 M R MCA 10 0 400 2 III No 1 0

15 69 M BA 23 0 800 2 IIb PH 2 –b 6

16 78 F L MCA 14 0 300 2 IIb No 11 4

TICI Thrombolysis in cerebralal infarction, IV intravenous, KU 1,000 units, IAT IA thrombolysis, ICH intracerebral hemorrhage within 24 h after
IAT, R right, L left, ICA internal carotid artery, MCA middle cerebral artery, BA basilar artery, PCA posterior cerebral artery, HI 1 hemorrhagic
infarction 1, HI 2 hemorrhagic infarction 2, PH 2 parenchymal hemorrhage 2 (symptomatic ICH in our study) according to the definition of the
ECASS II trial [36]
a Patients with IV rt-PA 0.6 mg/Kg (max ≤60 mg)
b Expired patient
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of a concentrated dose to the target thrombi is possible, we
can therefore expect rapid and effective thrombolysis and

thus reduce possible hemorrhagic complications. Second, it
is possible to adjust the dose according to its response [18].

Fig. 2 Conventional angiography, CT and MRI in a 66-year-old
woman admitted due to acute ischemic stroke. She visited hospital
with NIHSS 18. The initial angiogram showed occlusion of the right
proximal MCA (a, b). Angiogram obtained after IA thrombolysis with
300,000 units of urokinase and 2 mg of tirofiban (total dose), revealed
recanalization of the occluded segment (c). During IA thrombolysis,

the patient’s BP was high and fluctuating. CT obtained 6 h after IA
thrombolysis, showed symptomatic ICH (d). Gradient echo MR image
obtained prior to IA thrombolysis, revealed multiple microbleeds in
both cerebral hemispheres and chronic hemorrhage in the left basal
ganglia (e)

Fig. 3 MRI and conventional
angiography in a 63-year-old
man admitted due to suddenly
developed altered mentality and
left hemiparesis (NIHSS 15).
Diffusion weighted image
revealed acute infarction in the
right thalamus and hippocampus
(a). Conventional angiography
revealed occlusion of the right
PCA (b). During IA thrombol-
ysis, right PCAwas partially
recanalized (c). However, it was
re-occluded immediately after
then (d). Angiogram obtained
after IA thrombolysis with
300,000 units of urokinase and
2 mg of tirofiban (total dose),
revealed recanalization of the
re-occluded segment (e).
Follow-up angiogram after
1 week revealed patent right
PCA even though focal stenosis
in the right P2 segment
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In our study, the recanalization was achieved in 13 of the
16 patients. Symptomatic ICH and mortality of our study
were two of 16 and three of 16 patients, respectively. These
results, except symptomatic ICH, appear to be acceptable
compared to those of other reported studies [33]. Two
symptomatic ICH occurred in the patients who received
high dose (≥25 ug/kg) of IA tirofiban. The increased ICH
incidences may be due to the use of many kinds of drugs
against blood clot such as IV-tPA, heparin, IA UK, and IA
tirofiban, although we tried to use as little dose as possible.

There are dose-escalation study regarding IV tirofiban, and
study about the safety and effectiveness of high dose IV
tirofiban during coronary angioplasty [34, 35]. There,
however, have been no dose escalation studies regarding IA
tirofiban during IA thrombolysis for acute stroke and we are
faced with the task of determining the safe dose of IA
tirofiban. We used a high dose of IA tirofiban in six patients in
inevitable situation. Among these six patients, one who had
fluctuating BP (230–190 mmHg systolic blood pressure) and
MBs which was detected on preprocedural MRI, developed
symptomatic ICH within 24 h after IA therapy with IA
tirofiban. Therefore, physician should be concerned regarding
the development of ICH during the use of IA tirofiban,
especially in cases with potential signs of hemorrhage such as
high and fluctuating BP, and MBs seen on MRI.

Although there were patients who could tolerate high
dose of IA tirofiban (Fig. 3), the safety of patients receiving
a high dose of IA tirofiban is not guaranteed in acute
ischemic stroke considering our study.

Our study has several limitations. The number of study
patients was small and it was a single-center retrospective
noncontrolled case series, and thus it is not possible to draw
any conclusions. The selection of patients is biased because
the use of tirofiban as an adjuvant was dependent on the
discretion of the physician in specific clinical situation.
There are many variables that affect the outcome of IA
tirofiban during the IA thrombolysis such as IV rt-PA and
the dose of UK. We used UK and mechanical maneuver
with microwire as main IA thrombolytic method. Recent
published article reports that there are good results using
the new methods of mechanical thrombectomy such as stent
retrievers or the Penumbra system. And we might obtain
better results if we used this new mechanical methods and
adjuvant tirofiban. However, the use of new mechanical
method as endovascular treatment may also lead to
disruption of atherosclerotic plaque, endothelial erosion,
or distal migration of clot that triggers platelet activation
and have danger of reocclusion. Thus, apart from the
method of mechanical thrombectomy, adjuvant antiplatelet
may be needed for better results of IA thrombolysis [15].

Despite the above limitations, our study showed that
conventional dose of IA tirofiban as an adjuvant may be
feasible as adjuvant therapy of IA thrombolysis. Further

randomized and controlled trials with large patient numbers
are needed to evaluate the effectiveness and safety of IA
tirofiban as an adjuvant in IA thrombolysis.
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