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Abstract. The aim of the present study was to assess the 
use of tirofiban injections for rescue therapy following 
artery reocclusion due to intra‑luminal thrombosis during 
endovascular thrombectomy in patients with acute ischemic 
stroke (AIS). A total of seven cases of patients treated with 
adjunctive tirofiban injections following failed endovascular 
thrombectomy due to instant intra‑luminal thrombosis were 
retrospectively assessed. A Solitaire stent was used as the 
primary thrombectomy device in all patients. Tirofiban was 
injected intra‑arterially via a temporarily deployed Solitaire 
stent with continuous intravenous infusion for the subsequent 
24  h; half of the conventionally recommended dose was 
employed. Outcome measures included angiographic reperfu-
sion (mTICI), symptomatic intracranial hemorrhage, mortality 
and functional independence at 90 days (modified Rankin 
Scale, 0‑2). Six patients had occlusions in the middle cerebral 
artery and one patient had occlusions in the basilar artery. 
Of the seven patients, five exhibited successful reperfusion 
(mTICI 2b‑3) and achieved functional independence following 
90 days. Reperfusion failed in the remaining two patients, who 
succumbed within 90 days of therapy. No intracranial or extra-
cranial hemorrhage cases were identified. The results of the 
present study suggest that tirofiban facilitates reperfusion and 
ameliorates long‑term prognosis in patients with AIS under-
going endovascular thrombectomy, and may be safe for those 
receiving intravenous tissue plasminogen activator therapy.

Introduction

In 2015, five randomized trials showed improved efficacy 
of endovascular thrombectomy compared with standard 

medical care in patients with acute ischemic stroke (AIS) 
caused by arterial occlusion in proximal anterior circula-
tion (1‑5). This procedure is considered the standard of care 
for patients with proximal anterior circulation occlusions (6). 
However, the reperfusion rate ranges from 58.7 to 88% (1‑5), 
indicating that some patients still display failed reperfusion. 
Compared with the patients included in the previous 5 trials, 
more individuals with AIS have intracranial atherosclerosis 
stenosis (ICAS) (7‑10) in Asia. However, ICAS related arte-
rial occlusion is associated with longer procedure time 
and poorer clinical outcome (11‑13). Further rate increase 
of successful and complete reperfusion is needed. Several 
methods, including balloon angioplasty, stent angioplasty (14) 
and intra‑arterial injection of alteplase, have been used as 
rescue therapies. However, drawbacks, such as further injury 
of vessel intima and increased intracranial hemorrhage, limit 
their applications. As different mechanisms are considered, we 
evaluated some adjunctive methods listed above to facilitate 
reperfusion. Tirofiban, a glycoprotein IIb/IIIa antagonist, can 
block fibrin‑binding receptors reversibly, preventing platelet 
aggregation and subsequent thrombosis effectively. Since 
hyperacute thrombosis intra‑vessel/intra‑stent is considered 
the reason for reperfusion failure, we injected tirofiban 
intra‑arterially through the deployed Solitaire stent, and 
pumped intravenously thereafter. Here, we assessed the effi-
cacy and safety of this adjunctive protocol in our center.

Materials and methods

Patients. A total of 246 consecutive AIS patients with onset 
within 6 h were identified from our stroke database from 
March 2015 to April 2016.

Inclusion criteria. i) Onset within 6 h and meeting the criteria 
for thrombectomy (6). ii) Persistent occlusion despite initial 
endovascular thrombectomy assessed by digital subtraction 
angiography (DSA). iii) Informed consent signed by any 
authorized person.

Procedure. All patients underwent cerebral CT/CTA upon 
arrival at our hospital. Concurring with the indications for 
intra‑venous thrombolysis, t‑PA was injected intravenously 
first, and endovascular therapy was initiated after spotting the 
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intracranial large artery occlusion. Endovascular thrombec-
tomy was performed under local anesthesia with lidocaine plus 
conscious sedation with dexmedetomidine. A guiding catheter 
continuously flushed with heparinized saline was placed in 
the intrapetrous carotid artery. A microcatheter with a 0.014 
inch micro‑guidewire was navigated distally to the thrombus. 
Then, the Solitaire stent was deployed across the clot for 
5 min before retrieval, during which proximal aspiration with 
a 50 cc syringe was performed through the guiding catheter. 
Throughout the process of endovascular thrombectomy, 
cerebral angiography was performed to assess reperfusion 
immediately after stent deployment and 5 min later. When 
reocclusion occurred before stent retrieval, intra‑stent throm-
bosis was suspected. In this case, we first attempted to retrieve 
the stent, and angiography followed immediately; 15 min later, 
failure to obtain stable reperfusion implied redeployment of 
the stent combined with tirofiban as remedy. Adjuvant tiro-
fiban was used at 0.05 mg/min through the guiding catheter 
intra‑arterially for 5 min, and a loading dose of 0.2 µg/kg/min 
administered intravenously for 30 min; a maintenance dose 
of 0.05 µg/kg/min was pumped intravenously thereafter for 
24 h. Then, the Solitaire stent and delivery microcatheter were 
withdrawn after injection of the loading dose of tirofiban. A 
typical procedure is presented in Fig. 1. In case of unsuccessful 
reperfusion, Solitaire thrombectomy was repeated according 
to the operator's discretion, for a maximum of three attempts.

Data collection. Patient characteristics were obtained from 
medical records: Age, gender, NIHSS, treatment with intra-
venous thrombolysis, time between symptom onset to groin 
puncture, and stroke etiology catalogued by TOAST. Images 
were reviewed for arterial occlusive lesion (AOL) site and 
reperfusion grade according to the modified Thrombolysis 
in Cerebral Infarction score (mTICI): grade 0, no perfusion; 
grade 1, perfusion beyond the initial obstruction but limited 

distal branch filling with little or slow distal perfusion; 
grade 2a, perfusion of less than half of the vascular distribu-
tion of the occluded artery; grade 2b, perfusion of half or more 
of the vascular distribution of the occluded artery; grade 3, full 
perfusion with filling of all distal branches. Symptomatic intra-
cerebral hemorrhage was recorded according to SITS‑MOST: 
type 2 parenchymatous intracerebral hemorrhage with neuro-
logical deterioration, defined as an increase of 4 or more points 
in the NIHSS score (15).

Outcome measures and follow‑up. Modified Rankin Scale 
(mRS) scores were obtained at 90 days; mRS of 0‑2 was 
considered to reflect a good functional outcome as the primary 
outcome.

Target vessel reperfusion was assessed using cerebral 
angiography, and classified by the mTICI score. An mTICI 
grade 2b or 3 was considered a successful reperfusion as the 
secondary outcome.

Neurological improvement was assessed via NIHSS scores 
at 24 h, and defined as a reduction in the NIHSS score of 
>4 points. All patients underwent CT and CTA within 24 h after 
the procedure to evaluate hemorrhagic complications and vessel 
morphology. Post‑procedural hemorrhage was assessed as the 
main complication associated with endovascular thrombectomy.

Safety outcome measures were presence of symptomatic 
intracranial and extracranial hemorrhages following the 
procedure, and mortality at 90 days.

Results

A total of 174/246 patients received t‑PA thrombolysis intra-
venously, and 63 underwent endovascular thrombectomy 
for large artery occlusion. Among them, 7 patients met the 
criteria for adjunctive tirofiban injection during endovascular 
thrombectomy.

Figure 1. (A) First deployment of solitaire AB; (B) severe stenosis after stent retrieval; (C) artery reocclusion 5 min after stent retrieval; (D) secondary deploy-
ment of solitaire AB; (E) artery reocclusion due to intraluminal (intra‑stent) thrombosis; (F) tirofiban adjunctive reperfusion.
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Intra‑luminal thrombosis was defined as a fluffy filling 
defect (Fig. 2) in the region of reocclusion after temporary 
reperfusion following retrieval of the deployed stent. We 
assessed patients treated with tirofiban injection through the 
deployed solitaire stent after failed endovascular thrombec-
tomy ascribed to intra‑luminal thrombosis.

Baseline characteristics, procedures, and clinical outcomes 
are shown in Table I. All the patients had large atherosclerosis 
(LA) as TOAST subtype. Age ranged from 47 to 87 years, 
with initial NIHSS score ranging between 8 and 26. Time 
between symptom onset and groin puncture ranged from 138 
to 370 min. A total of 2 patients were treated with IV t‑PA 
before endovascular thrombectomy. Solitaire stent was used as 
first line device for endovascular thrombectomy. All patients 
were treated with an equal dose of tirofiban based on weight.

Successful reperfusion was achieved in 5 of the 7 patients 
after tirofiban injection and subsequent Solitaire thrombectomy, 
and no reocclusion occurred as a consequence of intravenous 
injection of tirofiban. No patient had intracranial hemorrhage.

Neurological improvement (decrease of the NIHSS score 
by more than 4 points) at 24 h and good functional outcome 
(mRS ≤2) at 90 days were observed in patients who completed 
reperfusion. The two fatalities observed were caused by 
malignant edema following large cerebral infarction due to 
unsuccessful reperfusion of middle cerebral artery, despite the 
use of tirofiban.

Discussion

Endovascular thrombectomy using a stent retriever is consid-
ered an efficient method for blood flow restoration in patients 
with ischemic stroke due to large intracranial vessel occlu-
sion (1‑5). However, failure of reperfusion persists in a subset 
of patients due to various factors, such as ICAS (11‑13). Several 
techniques for the treatment of cases refractory to endovas-
cular thrombectomy using stent retriever have been previously 
introduced. Balloon angioplasty is an effective procedure 
when reperfusion fails with Solitaire stent alone. In a study by 
Kurre et al (16), other rescue methods were applied, including 
the use of different stent retrievers, balloon angioplasty, perma-
nent stent implantation, distal aspiration without a retriever, 

Figure 2. Sign of intraluminal thrombosis‑a fluffy filling defect.
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and intra‑arterial fibrinolysis. Klisch  et  al  (17) recently 
reported successful reperfusion and good clinical outcome, 
respectively, in 80 and 50% of patients administered rescue 
treatment with the double Solitaire stent retriever technique. 
However, angioplasty is not considered a method for ICAS 
management (18,19). Specifically, when perforators exist near 
the stenotic lesion (e.g., anterior inferior cerebellar arteries in 
the BA trunk or striatocapsular arteries in the MCA trunk), 
angioplasty and intracranial stenting should be performed with 
caution because of frequent perforator occlusions (20). Arterial 
reocclusion in patients with acute ischemic stroke receiving 
endovascular intervention occurs at a rate of 18%, and is also 
an independent predictor of poor long‑term outcome (21). In 
the case of intracranial atherosclerosis stenosis, intraluminal 
thrombosis is a major cause of reocclusion (13). In multiple 
studies (13,22‑24), the glycoprotein IIb/IIIa antagonist tiro-
fiban has been preliminary used as salvage therapy in patients 
with unsuccessful reperfusion. In these retrospective studies, 
tirofiban displayed adjuvant benefits in reperfusion, with 
relatively low risk of intracranial hemorrhage, and about 50% 
patients achieved favorable outcomes thanks to adjuvant tiro-
fiban infusion. Moreover, Li et al (25) had demonstrated the 
safety and efficacy in a prospective study.

Nonetheless, Kellert et al (26) cautioned about the risk of 
fatal intracerebral hemorrhage and poor outcome associated 
with tirofiban in endovascular stroke therapy. In this obser-
vational study, tirofiban was not only administered after stent 
implantation, but also to patients with suspected endothelial 
damage (for example, after repeated reperfusion attempts). 
Therefore, it was often at the discretion of the interventionist 
to administer tirofiban or not, which in turn led to bias.

Based on the above, our center limits the use of tirofiban 
in intraluminal thrombosis performed during endovascular 
mechanical thrombectomy in ICAS (intracranial arthero-
sclerosis stenosis), but not in cardioembolism. However, 
intraluminal thrombosis is always accompanied with severe 
stenosis in the cerebral artery (27). We distinguish intralu-
minal thrombosis from stenosis occlusion by the presence of 
reocclusion immediately after partial reperfusion. In these 
patients, tirofiban showed efficiency in reperfusion as well as 
favorable outcomes and safety, in both intra‑cerebral and total 
hemorrhagic complications.

In this retrospective study, 2/7  patients still failed to 
achieve recanalization; therefore, additional measures should 
be taken based on the risk to benefit ratio.

Obviously, this study had limitations: small sample size, 
a retrospective design, and a non‑contrasted nature; further 
investigations are warranted to verify the efficiency and safety 
of tirofiban adjuvant reperfusion in vessel reocclusion due to 
intra‑luminal thrombosis during endovascular thrombectomy.

In conclusion, injection of tirofiban in cases of intra‑luminal 
thrombosis may facilitate reperfusion and favor neurological 
outcomes in patients with acute ischemic stroke, and may be 
safe in combination with t‑PA and endovascular thrombectomy.
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