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Abstract OBJECTIVES: Intra-arterial tirofiban has emerged as a potential alternative for
those patients with acute ischemic stroke (AIS). This study evaluated the effec-
tiveness and safety of intra-arterial tirofiban in AIS patients without large- or
medium-vessel occlusions.

MATERIAL AND METHODS: Sixty patients with AIS who were within 24 hours
of symptom onset and did not have significant blockages in large or medium
blood vessels were assigned to treatment and control groups via a non-random-
ized, patient-preference allocation protocol: the control group (n = 30) received
intravenous tirofiban and dual antiplatelet therapy, and the treatment group (n
= 30) received intra-arterial tirofiban via catheterization, followed by the same
medication regimen. The neurological function, functional outcomes, and safety
evaluations were measured at 90 days.

RESULTS: Both groups experienced a substantial decrease in NIHSS scores post-
treatment (p < 0.05). The treatment group had significantly lower NIHSS scores
at 24 hours, 72 hours, and 14 days compared to the control group (p < 0.05).
The treatment group had a treatment efficacy rate of 91.1% at 14 days, while the
control group had a rate of 80.0% (p < 0.05). At 90 days, both groups showed
significant improvements in mRS and BI scores (p < 0.05), with the treatment
group having a lower median mRS score and a higher median BI score compared
to the control group (p < 0.05). There were no statistically significant differences
in the incidence of adverse events between the two groups (p > 0.05).
CONCLUSION: Intra-arterial tirofiban administration benefits AIS patients
without large- or medium-vessel occlusions, improving neurological function,
reducing disability, and enhancing functional independence.
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INTRODUCTION

Acute ischemic stroke (AIS) is caused by intracerebral
arterial thrombosis or embolic events, resulting in arte-
rial stenosis or occlusion (Wang et al. 2025, Singh et al.
2023). This leads to ischemic and hypoxic conditions
in brain tissue, causing neurological deficits character-
istic of AIS. Neurons are energy-deficient and highly
vulnerable to such conditions, undergoing irreversible
damage and lasting neurological impairment within
just five minutes of complete cerebral ischemia (Yenari
and Han, 2012). Therefore, timely restoration of blood
flow and mitigation of secondary brain injury before
irreversible neuronal loss are crucial (Figueiredo et al.
2024). This approach optimizes neuronal viability,
reduces infarct size, and lowers disability and mortality
rates, embodying a widely recognized principle in isch-
emic stroke management (Widimsky et al. 2023).

Current international and national guidelines
(Powers et al. Mulder et al. 2024) endorse intrave-
nous thrombolysis and mechanical thrombectomy as
the primary methods for prompt reperfusion in AIS.
Intravenous thrombolysis, typically involving recom-
binant tissue plasminogen activator (rt-PA) within
4.5 hours of symptom onset, is limited by strict eligi-
bility criteria and contraindications, such as recent
surgery, bleeding risks, and severe hypertension (Berge
et al. 2021, Mohamad et al. 2024). The recanalization
success rate with intravenous thrombolysis remains
around 30%, particularly for large thrombi (Seners
et al. 2016). Although mechanical thrombectomy has
dramatically improved outcomes for large-vessel occlu-
sions, it is ineffective for small-vessel emboli (Lee et al.
2024, Bacigaluppi et al. 2019). Therefore, alternative
pharmacological approaches like dual antiplatelet
therapy (DAPT) and glycoprotein IIb/IIla inhibitors
have been explored for patients who are not eligible for
standard reperfusion treatments.

Tirofiban, a glycoprotein IIb/IIla inhibitor, has
shown promise in improving recanalization rates and
functional outcomes when used alongside intravenous
thrombolysis and mechanical thrombectomy (Brake
et al. 2024). Aspirin and clopidogrel, commonly used
in DAPT, are recommended for AIS patients at risk
of early neurological deterioration to reduce the risk
of recurrent stroke (Lee et al. 2020, Davis et al. 2015).
However, combining intra-arterial tirofiban with DAPT
is not well-studied, despite its potential benefits in
enhancing localized antiplatelet effects while reducing
systemic complications.

Our interventional team in clinical practice has
noted that certain AIS patients, ineligible for standard
intravenous thrombolysis or mechanical thrombec-
tomy, exhibit positive responses to low-dose tirofiban
administered intra-arterially. This approach has shown
comparable clinical benefits to traditional interven-
tions. Through extensive research spanning several
years, our team has evaluated the efficacy and safety

of this method. This paper presents the findings from
our nearly two-year investigation into this innovative
therapeutic approach.

PATIENTS AND METHODS

General information

This study enrolled AIS patients admitted to the
Neurology Department of the No. 922 Hospital of the
Joint Logistics Support Force of the Chinese People's
Liberation Army between August 2022 and August
2025. Patients presented within 24 hours of symptom
onset and were confirmed through cranial magnetic
resonance angiography (MRA), computed tomography
angiography (CTA), or digital subtraction angiography
(DSA) to have no significant intracranial or extra-
cranial large or medium vessel stenosis or occlusion.
Eligible patients were assigned to treatment and control
groups via a non-randomized, patient-preference allo-
cation protocol. The control group received intravenous
tirofiban at a maintenance dose of 0.1 ug/kg/min for 48
hours, with dual antiplatelet therapy (aspirin enteric-
coated tablets 100 mg/d and clopidogrel hydrogen
sulfate tablets 75 mg/d) initiated 4 hours before tiro-
fiban discontinuation. The treatment group received
0.4-0.5 mg of tirofiban via arterial catheterization,
followed by the same postoperative management as the
control group. A total of 60 patients were enrolled, with
30 in each group. Neurological function was assessed
24 hours, 72 hours, and 14 days post-treatment using
the National Institutes of Health Stroke Scale (NIHSS).
Functional disability and activities of daily living were
evaluated at 90 days post-treatment using the modified
Rankin Scale (mRS) and Barthel Index (BI). Adverse
events, including hemorrhage, thrombocytopenia,
allergic reactions, and mortality within 90 days, were
recorded.

This study was approved by the institutional ethical
review board (No. 2022-10). All participants provided
written informed consent.

Inclusion criteria

Patients meeting the following criteria were included:
diagnosis of AIS according to the 2018 Chinese
Guidelines, age over 18 years, presentation within
24 hours of symptom onset, confirmed neurological
deficits, pre-stroke mRS score <2, cranial CT ruling
out hemorrhage, ASPECTS score >7, NIHSS score
between 4 and 20, and absence of significant vascular
stenosis or occlusion confirmed by MRA, CTA, or DSA.
Patients meeting the criteria but refusing thrombolysis,
presenting beyond the time window, having wake-up
stroke, or experiencing post-thrombolysis deterioration
within 24 hours at another hospital were included with
informed consent.
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Exclusion criteria

Patients were excluded if they had any intracranial
hemorrhage, history of intracranial hemorrhage,
major trauma, recent surgery within three months,
active bleeding in other organs, large cerebral aneu-
rysms, arteriovenous malformations, brain tumors,
uncontrolled hypertension (blood pressure persistently
>180/110 mmHg despite treatment), platelet count
<100x10°/L, long-term anticoagulant use, severe organ
dysfunction, significant intracranial or extracranial
vascular stenosis or occlusion, concurrent stent implan-
tation, mechanical thrombectomy, or other endovas-
cular treatments. Exclusions also applied to stroke from
infection, immune disease, fat embolism, large infarcts
(>1/3 of middle cerebral artery territory on imaging),
severe blood glucose abnormalities (<2.8 mmol/L or
>22.22 mmol/L), or refusal of arterial treatment.

Information collection

Patient data included demographics, medical history
(e.g., stroke, transient ischemic attack, aneurysms,
arteriovenous malformations, tumors, prior surgeries,
hypertension, cerebral hemorrhage, diabetes, coronary
artery disease, atrial fibrillation, hyperlipidemia, hyper-
thyroidism, infections, and autoimmune diseases),
lifestyle factors (smoking, alcohol consumption, and
allergy history), and clinical assessments such as NIHSS
scores pre- and post-treatment at 24 hours, 72 hours,
and 14 days. Functional outcomes were assessed using
mRS and BI scores before and at 90 days post-treatment.
Laboratory analyses included complete blood count,
glycated hemoglobin, homocysteine, lipid profile, liver
and kidney function, and coagulation parameters.
Imaging data from cranial CT, MRA, CTA, or DSA
were documented. Adverse events, such as hemorrhage,
thrombocytopenia, allergic reactions, and mortality,
were recorded alongside patient outcomes.

Treatments

During treatment, patients in the treatment group
underwent DSA to identify the responsible artery.
A catheter was positioned at the proximal segment
of the affected artery for the slow infusion of 0.4-0.5 mg
of tirofiban (Wuhan Yuanda Pharmaceutical Group
Co,, Ltd., 100 mL: 5 mg: 0.9 g, H20041165) at a rate
of 0.4-0.5 mL/min (0.02-0.025 mg/min). Subsequently,
patients received intravenous tirofiban at 0.1 pg/kg/min
for 48 hours. Cranial CT scans were conducted to rule
out hemorrhagic complications. If no contraindica-
tions were present, dual antiplatelet therapy (aspirin
100 mg/d and clopidogrel 75 mg/d) was initiated
4 hours before tirofiban discontinuation. The control
group was administered intravenous tirofiban at
0.08-0.1 pg/kg/min for 48 hours post MRA, CTA, or
DSA. Dual antiplatelet therapy was commenced 4 hours
before tirofiban cessation.

Both groups underwent standardized stroke
management, which included vital signs monitoring,

oxygen therapy, lipid-lowering treatment, plaque stabi-
lization, and supportive care. Dual antiplatelet therapy
was administered for 21 days, after which monotherapy
with either aspirin or clopidogrel was continued for
90 days.

Qutcome measurements

Clinical efficacy and prognosis were evaluated by
experienced neurologists using NIHSS scores before
treatment and at 24 hours, 72 hours, and 14 days
post-treatment. Stroke recovery categories included
complete recovery (91-100% NIHSS score reduction),
significant improvement (46-90% reduction), improve-
ment (18-45% reduction), no change (within +17%),
and deterioration (=18% increase or death. The total
efficacy rate was calculated based on the percentage
of patients achieving complete recovery, significant
improvement, or improvement. Functional outcomes
at 90 days post-treatment were assessed through phone
follow-ups, video calls, or outpatient visits using mRS
and BI scores. A favorable prognosis was defined as an
mRS score <2 and a BI score >80, while an unfavor-
able prognosis was indicated by an mRS score >3 or
a BI score <60, with BI <20 indicating total disability.
Adverse events, including hemorrhage, thrombocyto-
penia, allergic reactions, and mortality within 90 days,
were documented to assess the safety of tirofiban arte-
rial administration.

Statistical analysis

Categorical variables were analyzed using the x> test
and presented as percentages. In contrast, continuous
variables following a normal distribution were assessed
with the t-test and displayed as mean + standard devia-
tion. Statistical significance was established at p < 0.05.
The statistical analyses were executed utilizing SPSS
25.0 software.

RESULTS

Changes in NIHSS scores

Before treatment, there was no statistically significant
difference in NIHSS scores between the two groups
(p > 0.05). After treatment, both groups demonstrated
a significant reduction in NIHSS scores. Upon inter-
group comparison, the treatment group displayed
notably lower NIHSS scores at 24h than the control
group (4.92+1.16 vs. 8.06£1.24, t=3.725, p = 0.034); the
treatment group displayed notably lower NIHSS scores
at 72h than the control group (3.23+1.26 vs. 5.80+1.35,
t=6.574, p = 0.021); and the treatment group displayed
notably lower NIHSS scores at 14 days than the control
group (2.02+0.57 vs. 4.18+0.65, t=9.862, p = 0.015).
These results indicate a clinically meaningful improve-
ment beyond the statistical significance noted in all
instances.
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Tab. 1. Comparison of NIHSS scores at different time points

Group Cases (n) Pre-treatment tzr::tl:\)::t tzzgt::rt\-t 13::3:::: i
Treatment 30 11.25+2.28 4.92+1.16 3.23+1.26 2.02+0.57
Control 30 10.81+2.42 8.06+1.24 5.80+1.35 4.18+0.65

t 0.146 3.725 6.574 9.862

P 0.883 0.034 0.021 0.015
Tab. 2. Comparison of clinical outcomes between two patient groups

Group Cases (n) Recovery Marked Improvement No Total Effective

(n) Improvement (n) Response (n) Rate (%)

Treatment 30 13 18 10 4 91.11
Control 30 5 15 16 9 80.00

Evaluation of treatment efficacy

After a 14-day treatment period, the treatment group
showed a significantly higher efficacy rate of 91.11%
compared to the control group's rate of 80.00%
(x>=4.872, p = 0.039, Table 2).

Comparison of mRS and BI scores

Before therapy, there was no statistically significant
difference in mRS and BI scores between the two treat-
ment groups (p > 0.05). Following 90 days of treatment,
both groups experienced significant reductions in mRS
scores and notable improvements in BI scores than
pre-treatment (p < 0.05). Upon intergroup analysis, the
treatment group exhibited a significantly lower median
mRS score compared to the control group (0.92+0.32
vs. 1.88+0.26, t=4.297, p = 0.031), while the treatment
group showed a significantly higher median BI score
than the control group (95.42+4.38 vs. 76.43+3.82,
t=8.726, p = 0.018) (Table 3).

Assessment of treatment safety

Over the 90-day follow-up period, the control group
reported one case of hematuria, three cases of gingival
bleeding, and one case of subcutaneous bleeding,
amounting to five adverse events (16.66%). Conversely,
the treatment group documented three cases of gingival
bleeding and one case of subcutaneous bleeding,
totaling four adverse events (13.33%). The comparison

Tab. 3. Comparison of mRS and Bl scores before and after treatment

of adverse reaction incidence rates between the two
groups exhibited no statistical significance (x> = 0.246,
p=0.674).

DISCUSSION

AIS poses a significant global health challenge, high-
lighting the need for effective neurological treatments.
Tirofiban, a selective non-peptide glycoprotein IIb/IIIa
platelet receptor antagonist, is increasingly acknowl-
edged for its potential in AIS therapy (Wang et al. 2024).
Tirofiban plays a crucial role in inhibiting platelet acti-
vation and halting clot progression by targeting the
glycoprotein IIb/IIla receptors essential for platelet
aggregation and thrombus formation (Sharifi-Rad et al.
2023, Hassan et al. 2019). Its rapid onset of action and
short half-life allow for effective platelet inhibition with
minimal risk of prolonged bleeding, as platelet function
typically returns to baseline levels within eight hours
post-discontinuation (Sharifi-Rad et al. 2023, Hassan
et al. 2019). This pharmacokinetic profile positions
tirofiban as a promising option for stroke management,
particularly in situations where standard reperfusion
strategies such as intravenous thrombolysis or mechan-
ical thrombectomy are not viable or ineffective.

Several studies have explored tirofiban's effective-
ness and safety in AIS. It has been demonstrated that
combining tirofiban with intravenous thrombolysis

mRS Bl
L Cases(n) Pre-treatment EUCE LS Pre-treatment EUCE LTS
treatment treatment
Treatment 30 4.08+0.27 0.92+0.32 41.73+£1.36 95.42+4.38
Control 30 4.14+0.25 1.88+0.26 42.12+1.25 76.43+3.82
t 0.559 4297 0.674 8.726
P 0.728 0.031 0.483 0.018
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within the thrombolytic time window reduced infarct
volume and improved neurological deficits, indicating
a synergistic effect (Yang et al. 2019). Tang et al. inves-
tigated perioperative tirofiban usage in endovascular
therapy, observing increased recanalization rates along-
side a heightened risk of intracranial hemorrhage in
select patients (Tang et al. 2021). Xing et al. examined
the effectiveness and safety of intravenous tirofiban
post-endovascular therapy in individuals with acute
intracranial large atherosclerotic stroke. They found that
administering intravenous tirofiban to these patients
following endovascular therapy significantly enhances
clinical outcomes 90 days post-procedure without
elevating the risk of symptomatic intracranial hemor-
rhage (XING et al. 2022). These findings underscore
tirofiban's potential as an adjunct therapy in AIS, partic-
ularly when administered intra-arterially to augment
local drug concentration at the ischemic site.

Our study's treatment and control groups exhibited
significant reductions in NIHSS scores after treatment,
with efficacy rates of 91.11% and 80%, respectively. The
treatment group, which received intra-arterial tirofiban,
displayed superior neurological recovery compared
to the control group. Both groups experienced signifi-
cant improvements in daily activities and overall
functional independence at the 90-day follow-up after
treatment. The group that received intra-arterial admin-
istration showed even better results, likely because
of the localized delivery of tirofiban, which led to higher
drug concentrations in the affected area. This targeted
delivery aids rapid platelet inhibition promotes micro-
vascular reperfusion, and decreases secondary ischemic
injury. Consequently, it facilitates quicker restoration of
cerebral perfusion, enhances neurological function, and
presents a promising option for AIS patients who are
not eligible for traditional thrombolytic therapy.

The decision to use DAPT in this study, which
includes aspirin and clopidogrel, was based on previous
findings showing its effectiveness in reducing the risk
of recurrent stroke and improving early neurological
recovery in high-risk patients (He et al. 2015, Chen
et al. 2024). Short-term DAPT has been found to signif-
icantly decrease the chances of early stroke recurrence
compared to aspirin alone (Ge et al. 2016). Our study
indicated that adding intra-arterial tirofiban to DAPT
enhanced neurological recovery, suggesting a potential
synergistic effect that warrants further investigation.

No severe adverse reactions, such as intracranial
hemorrhage or significant allergic responses, were
found in either group in our study, indicating the safety
of tirofiban. Minor bleeding events, like gastrointestinal
bleeding, subcutaneous hemorrhage, and hematuria,
occurred at similar rates in both groups, demonstrating
a favorable safety profile of tirofiban. Importantly, intra-
arterial administration did not significantly increase
hemorrhagic complications, supporting its feasibility
as a localized intervention for AIS. These results align
with previous research suggesting that tirofiban, when

given at appropriate doses and with careful patient
selection, can enhance stroke outcomes without signifi-
cantly raising the risk of bleeding-related complications
(Liu et al. 2022, Zhao et al. 2024, Tang et al. 2021).

This study has limitations, including a small sample
size, which may impact the generalizability of results
and treatment outcomes. Unmeasured confounding
variables like vascular anatomy variations, collateral
circulation differences, and thrombus characteris-
tics could have influenced treatment effectiveness
(Ginsberg, 2018). Future research should address these
limitations through large-scale, multicenter random-
ized controlled trials to evaluate the long-term efficacy
and safety of intra-arterial tirofiban. Efforts should
also focus on optimizing dosage regimens, identifying
subpopulations that may benefit most, and exploring
the integration of tirofiban with other stroke therapies.

In summary, the use of intra-arterial tirofiban in AIS
patients has demonstrated positive clinical outcomes,
including improved neurological function and inde-
pendence. This targeted approach offers promise for
patients who cannot undergo traditional reperfusion
therapies, highlighting the need for further research
to confirm its effectiveness.
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