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Abstract: Background: Neurological worsening after hospital admission frequently correlates with poor clinical
prognosis. However, treatment options are limited for acute ischemic stroke patients who are outside the thrombolytic time
window and do not have large vessel occlusion (LVO). Objectives: This study evaluated the safety and efficacy of
intravenous tirofiban in this population. Methods: A total of 44 patients diagnosed with progressive ischemic stroke were
analyzed, defined as an increase of >2 points on the NIHSS or a >1-point worsening in limb motor score within 24 hours
of symptom onset. of these, 26 received intravenous tirofiban in addition to dual antiplatelet therapy, while the remaining
18 received dual antiplatelet therapy alone. The primary efficacy endpoints were the NIHSS score at 7 days and the
proportion of patients achieving a superior functional outcome [modified Rankin Scale (mRS) score 0—1] at 3 months.
Symptomatic intracranial hemorrhage, systemic bleeding events and thrombocytopenia were monitored. Results: The
tirofiban group showed greater neurological improvement at 7 days (p <0.001) and an increased favorable outcome at 90
days (80.77% vs 27.78%, p = 0.001). Logistic regression confirmed tirofiban as an independent parameter of favorable
outcome (adjusted OR 15.67, 95% CI: 2.97-82.61, p = 0.001). Neither group presented symptomatic intracranial
hemorrhage, systemic bleeding, or thrombocytopenia. Conclusion: Intravenous tirofiban may represent a potential
therapeutic option for patients with progressive ischemic stroke beyond the thrombolytic window and without LVO,
showing an association with improved neurological recovery and functional outcomes. Its clinical efficacy and safety shall
be further confirmed through large-scale, randomized, prospective studies.
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INTRODUCTION with confirmed large vessel occlusion (LVO),
endovascular thrombectomy offers a potent alternative,
guided by advanced neuroimaging (Mortezaei ef al., 2025;
Rodriguez-Calienes et al., 2025). However, this significant
gap in acute care protocols for progressive, non-LVO AIS
patients beyond the thrombolysis window remains

Stroke persists as a leading cause of mortality and chronic
disability around the world, represented by acute ischemic
stroke (AIS) (Kongsui et al., 2025; Plotnikov et al., 2025),
the pathophysiology of which involves oxidative stress,

neuroinflammatory responses, compromise of the blood-
brain barrier and other interconnected events (Zheng et al.,
2025). While intravenous thrombolysis with recombinant
tissue plasminogen activator (rt-PA) represents the
cornerstone of AIS management, its real-world application
is significantly constrained (Luo et al., 2025). A narrow
therapeutic window, rigorous eligibility criteria and
concerns over hemorrhagic complications collectively
result in fewer than 2% of patients receiving this treatment
(Guzman et al., 2025; Goh et al., 2025; Edlow and
Tarnutzer, 2025). Further limitations encompass post-
thrombolytic arterial re-occlusion and experimental
approaches such as co-administration with ERKI1/2
inhibitors like U0126 introduce additional complexity
without established clinical benefit (e.g., U0126)—
increasing treatment complexity (Orset et al., 2021). For
individuals presenting beyond the thrombolysis window

unaddressed.

Management of progressive AIS remains challenging.
Endovascular therapy (EVT) (Wu et al., 2025), tirofiban
administration (Wang et al., 2025a; Qiao et al., 2025) and
various adjunctive therapies have been attempted in
selected patients, but their roles are still not well defined.
Progressive stroke is thought to result primarily from in
situ thrombus propagation or recurrent microembolization
within the same vascular territory rather than reperfusion
injury (de la Riva et al., 2024; Marta-Enguita et al., 2024).
Therefore, inhibiting platelet aggregation and reducing
thrombus burden may help prevent further neurological
deterioration (Kitano et al., 2022). As a potent and
reversible glycoprotein IIb/Illa antagonist, tirofiban
provides immediate inhibition of platelet aggregation, an
effect that is swiftly reversed after cessation due to its brief
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half-life (Wang et al., 2025b). Originally developed for the
management of acute coronary syndromes, tirofiban has
recently attracted increasing attention for potential
therapeutic use in cerebrovascular disorders (Guven et al.,
2025; Hu et al., 2025).

Previous studies have mainly focused on patients with
LVO undergoing mechanical thrombectomy, in whom
tirofiban has been used as a perioperative adjunct to
prevent re-occlusion or manage early neurological
worsening (Luo ef al., 2023; Liu et al., 2023). Nevertheless,
robust clinical evidence is lacking to support tirofiban
administration in progressive AIS patients ineligible for
thrombolysis and without LVO, leaving their management
undefined. Consequently, despite the clinical challenge,
evidence regarding the use of intravenous tirofiban in non-
LVO progressive strokes beyond the thrombolysis window
remains limited. Against this backdrop, this study
evaluated its safety and efficacy.

MATERIALS AND METHODS

Study design and patient selection

This retrospective, non-randomized controlled trial (RCT)
was carried out at Weifang Traditional Chinese Medicine
Hospital. The study protocol was reviewed and approved
by the Ethics Committee of Weifang Traditional Chinese
Medicine Hospital (Approval No. 202403-106) and was
conducted in accordance with the principles of the
Declaration of Helsinki. Patient screening and enrollment
were carried out between May 2021 and May 2022. As this
was a retrospective exploratory study, no formal sample
size calculation was performed. All consecutive patients
included in the study met the inclusion criteria.

Inclusion criteria: defined with reference to established
definitions and methodologies used in prior ischemic
stroke studies and current clinical guidelines (Powers et al.,
2019; Zi et al., 2023). Eligibility criteria included age >18
years, presentation between 5-24 hours after symptom
onset and a confirmed AIS diagnosis without evidence of
arterial occlusion on CTA or MRA. Neurological
progression referred to the situation with an increase of >2
points in the NIHSS total score or a decline of >1 point in
limb motor function documented within the first 24 hours
of hospitalization. Written informed consent was obtained.
Representative neuroimaging findings are presented in Fig.
1.

Exclusion criteria: with intracranial hemorrhage or
subarachnoid hemorrhage, a history of major surgery or
bleeding tendency within the previous three months,
coagulation abnormalities or a platelet count below
100x10°/L, or severe hepatic or renal dysfunction.
Additional exclusion criteria included prior long-term use
of anticoagulant therapy (such as warfarin or direct oral
anticoagulants), severe comorbid conditions with a life

expectancy < 3 months (e.g., advanced heart failure or
active malignancy), pregnancy or lactation, or incomplete
clinical or neuroimaging data.

Treatment protocol

All enrolled patients received an initial loading dose of 300
mg aspirin and 75 mg clopidogrel upon hospital admission
(Jiang et al., 2025). Patients in the tirofiban group
subsequently underwent intravenous administration with a
loading infusion of 0.4pg/kg/min over 30-180 minutes,
immediately after which they received a continuous
maintenance infusion of 0.1pg/kg/min for 24-72 hours (Liu
et al., 2024). Dual antiplatelet therapy (DAPT) was
initiated sequentially after tirofiban, guided by individual
clinical assessment. Patients received oral aspirin (100 mg)
and clopidogrel (75 mg) after initial tirofiban exposure,
with a brief overlap during the transition phase. DAPT
(aspirin 100 mg plus clopidogrel 75 mg daily) was then
continued for 21 days, followed by 69 days of single
antiplatelet therapy (aspirin 100 mg or clopidogrel 75 mg
daily). For the reduction of the risk of hemorrhagic
transformation, patients with hypertension received
intravenous antihypertensive therapy during tirofiban
administration to maintain systolic blood pressure (SBP)
within a target range of 140-160 mmHg, in accordance
with recent reviews on acute-phase stroke blood pressure
management and peri-procedural care strategies (Guo et al.,
2022; De Georgia ef al., 2023).

The control cohort, selected from a prospective stroke
registry, received standard medical management identical
to the intervention group but without tirofiban. Their
antithrombotic protocol consisted of a 300 mg clopidogrel
loading dose, followed by daily maintenance with 100 mg
aspirin and 75 mg clopidogrel (Kleindorfer et al., 2021).

Safety outcomes

Safety assessment encompassed 90-day occurrences of
symptomatic intracranial hemorrhage (sICH), any
intracranial hemorrhage, major systemic bleeding,
thrombocytopenia and all-cause mortality. The diagnosis
of sICH required a neurologically significant decline,
defined as a worsening in the NIHSS score, together with
neuroimaging confirmation of hemorrhage after exclusion
of alternative explanations. Thrombocytopenia was
defined as a platelet count <100,000/mm?, with counts
tracked daily during the hospital stay (Zi et al., 2023). A
comprehensive documentation of all systemic bleeding
events was maintained.

Efficacy outcomes

The NIHSS score on day 7, indicating early neurological
recovery and the 3-month mRS for long-term functional
outcomes were analyzed. An mRS score of 0—1 at 3 months
was dichotomized as a favorable prognosis.
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Propensity score matching (PSM) and statistical
analysis

Baseline demographic and clinical variables were
summarized descriptively. To reduce potential selection
bias, a 1:1 PSM procedure was applied utilizing nearest-
neighbor matching without replacement. The propensity
score model included age, sex, baseline NIHSS score and
lesion location. An SMD value below 0.10 was considered
indicative of adequate group balance. To determine the
independent association between tirofiban therapy and
favorable 90-day outcomes (mRS 0-1), a logistic
regression analysis was conducted, adjusting for age and
baseline NIHSS. Adjusted ORs and their 95% ClIs were
generated, with a two-tailed p-value < 0.05 establishing
statistical significance. Given the limited sample size and
number of outcome events, the multivariable logistic
regression model selected only a few clinically essential
covariates to avoid overfitting. The entire analytical
process was conducted using SPSS (version 23.0; IBM

Corp.).

RESULTS

Baseline information

A total of 57 patients met the initial inclusion criteria and
were included in the overall cohort. The PSM achieved an
acceptable balance across key baseline covariates of age,
sex, baseline NIHSS score, and lesion location. After 1:1
PSM, 44 patients were retained for the matched analysis,
with 26 and 18 in the tirofiban and control groups,
respectively (Table 1).

Trends in NIHSS and mRS scores

At admission, NIHSS scores did not differ a lot between
the tirofiban and control groups, indicating comparable
baseline neurological deficits. Both groups experienced
neurological deterioration within the first 24 hours after
admission, reaching peak NIHSS values during this period.
Thereafter, NIHSS scores gradually decreased over time in
both groups, indicating neurological recovery during
follow-up. Regarding functional outcomes, the mRS score
distribution at 90 days suggested a shift toward better
functional recovery in the tirofiban group. The temporal
trends in neurological and functional outcomes are
illustrated in Fig. 2.

Between-group comparison of neurological and
functional outcomes

Consistent with the observed temporal trends, NIHSS
scores did not differ significantly between the two groups
at baseline or at peak deterioration (p > 0.05). By day 7,
tirofiban-treated patients demonstrated significantly lower
NIHSS scores (p<0.001) and greater score reductions from
baseline (ANIHSS, p=0.002), indicating enhanced
neurological recovery. These short-term benefits were
paralleled by superior 90-day functional outcomes, with
the tirofiban group exhibiting lower mRS scores (p<0.001)

Ming Zhou et al.

and a rising rate of favorable outcomes (80.77% vs.
27.78%, p<0.01). In multivariate analysis, tirofiban
independently predicted a favorable 90-day prognosis
(p<0.01; Table 2, Fig. 3).

Multivariate logistic regression analysis

After accounting for age, baseline NIHSS and sex,
tirofiban treatment remained strongly linked to favorable
90-day outcomes (mRS 0-1). The adjusted OR was 15.67
(95% CI: 2.97-82.61; p=0.001). In comparison, none of the
other factors examined showed a clear association with
clinical outcomes (all p > 0.05; Table 3).

Safety outcomes

In this cohort, no intracranial hemorrhage (symptomatic or
asymptomatic), thrombocytopenia, or clinically significant
systemic bleeding was observed in either group during
hospitalization. However, given the limited sample size,
this study was not powered to detect rare safety events.
Therefore, these findings should be interpreted as
descriptive observations rather than definitive evidence of
safety.

DISCUSSION

In this study, early intravenous tirofiban administration,
compared with conventional dual antiplatelet therapy, was
associated with significantly accelerated neurological
improvement on day 7 and a higher rate of functional
independence at 90 days in patients with progressive stroke,
without an increased risk of hemorrhagic events.

In this study, tirofiban may accelerate early neurological
recovery in patients with progressive AIS and improve
functional outcomes at 90 days (mRS 0-1), without
increasing the risk of hemorrhagic complications. All of
these are consistent with previous reports on the use of
tirofiban in AIS (de Almeida Monteiro et al., 2025). In
addition, based on the findings from a systematic review
and meta-analysis (de Souza et al, 2025), tirofiban,
compared with standard treatment, improves 90-day
functional outcomes (mRS 0-1), which aligns with our
present results. However, in Yuri’s analysis, tirofiban did
not show a significant advantage in short-term neurological
status as assessed by the 7-day NIHSS score.

According to multiple studies, tirofiban, when
administered in combination with reperfusion therapies,
does not substantially increase the risk of symptomatic
intracranial hemorrhage or all-cause mortality (de Almeida
Monteiro et al., 2025; Monteiro et al., 2024). Moreover,
early evidence from the SaTIS trial indicates that tirofiban
did not significantly increase the risk of intracranial
hemorrhage in AIS patients. Moreover, combining
tirofiban with low-dose rt-PA has been shown to be safe,
without an increased bleeding risk (Liang et al., 2022).
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Fig. 1: Example of cases meeting inclusion criteria.

Case 1: (A) Diffusion-weighted imaging (DWI) revealed AIS in right corona radiate; (D) MRA revealed no occlusion but significant
right middle cerebral artery stenosis. Case 2; (B) DWI revealed AIS in the left internal capsule; (E) MRA revealed no occlusion or
significant stenosis in the left middle cerebral artery. Case 3; (C) DWI revealed AIS in left pons; (F) MRA revealed no occlusion but
significant stenosis in the basilar artery.

Table 1: Baseline demographic and clinical characteristics of the two groups

Parameter Tirofiban group (n=26) Control group (n=18) P-value SMD
Gender 0.96 0.089
Female, n (%) 9 (34.62%) 6 (35.29%)
Male, n (%) 17 (65.38) 11 (64.71) 0.92
NIHSS baseline 2.96+1.40 3.11+1.37 0.108
Age, median (IQR), y 63.50 (56.00 - 72.00) 60.00 (54.75 - 65.00) 0.82 0.352
Hypertension, n (%) 20 (76.92) 12 (66.67) 0.62 0.229
Diabetes mellitus, n (%) 4 (15.38) 3 (16.67) 0.99 0.035
Previous ischemic stroke, n (%) 2 (7.69) 1(5.56) 0.54 0.086
Cardiovascular disease, n (%) 2 (7.69) 0 (0.00) 0.21 0.408
Alcohol use, n (%) 1(3.85) 1 (5.56) 0.99 0.081
Smoking, n (%) 4 (15.38) 6 (33.33) 0.25 0.428
Lesion location
- Corona radiata 4 (15.38) 3(16.67) 0.99 0.035
- Internal capsule 13 (50.00) 9 (50.00) 0.99 0.000
- Pons 9 (34.62) 6 (33.33) 0.99 0.027

Abbreviations: NIHSS, National Institutes of Health Stroke Scale; SMD, standardized mean difference.
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Fig. 2: Temporal changes in neurological function and distribution of functional outcomes between groups. (A) Time-
dependent trends of NIHSS and mRS outcomes between two groups (**P < 0.01, ***P <(.001); (B) Functional outcome
distribution (mRS scores at 90 days) between groups. T group = tirofiban group; C group = control group; NIHSS =
National Institutes of Health Stroke Scale; mRS = modified Rankin Scale.

Table 2: Comparison of NIHSS and mRS outcomes between groups

Outcome Tirofiban group (n=26) Control group (n=18)  Test value P-value
Baseline NIHSS score, median (IQR)  3.00 (2.00 - 4.00) 3.00 (2.00 - 4.00) 229.50 0.91
?fg’l‘{‘;num NIHSS score, median 6.00 (5.00 - 7.00) 6.00 (5.00 - 8.00) 197.00  0.36
NIHSS at day 7, median (IQR) 2.00 (1.00 - 3.75) 5.00 (3.00 - 6.00) 85.50 <0.001
Change in NIHSS score (ANIHSS), _ _ -2.00(-3.00- -

median (IQR) 0.00 (- 1.00 - 2.00) 1.00) 361.50 <0.01
mRS at 90 days, median (IQR) 1.00 (0.00 - 1.00) 3.00 (1.00 - 3.33) 54.50 <0.001
mRS 0 - 1 at 90 days, n (%) 21 (80.77%) 5(27.78%) 10.26 <0.01
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Fig. 3: Comparison of NIHSS and mRS outcomes between the tirofiban and control groups. (A) NIHSS scores at baseline;
(B) maximum NIHSS within 24 h after admission; (C) NIHSS scores at day 7; (D) mRS scores at 90 days; (E) ANIHSS
(baseline — day 7). Boxes denote the interquartile range, horizontal lines reflect medians, and whiskers represent the Sth—
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Table 3. Multivariate logistic regression for favorable functional outcome (mRS 0-1 at 90 days).

Variable Adjusted OR 95% CI P-value
Tirofiban treatment 15.67 2.97 - 82.61 <0.01
Age (per year increase) 0.94 0.85-1.04 0.231
Baseline NIHSS score (per ) o4 0.44 - 156 0.562
point increase)

Male sex 2.86 0.57 - 14.32 0.202

2382

Pak. J. Pharm. Sci., Vol.39, No.8, August 2026, pp.2377-2386



In patients with acute LVO undergoing endovascular
therapy, several perioperative studies have indicated that
tirofiban may reduce intraoperative thrombus formation
and improve reperfusion quality (Jiao et al., 2024; Kim et
al., 2020; Bu et al., 2024). Furthermore, a previous study
(Mandava et al., 2008) reported that tirofiban might delay
neurological deterioration in patients suffering small-
vessel occlusion-induced progressive stroke, which is
consistent with the trend toward neurological recovery
observed in our study. In contrast, the SETIS trial including
a proportion of patients with LVO and initiated treatment
earlier (within 6 hours of symptom onset), did not
demonstrate a clear functional benefit (Liu et al., 2016).
Collectively, prior evidence on the efficacy of tirofiban
remains inconclusive, owing to substantial heterogeneity
across study populations.

Distinct from previous investigations, the present study
specifically focused on patients suffering progressive
stroke who missed the intravenous thrombolysis time
window and had no evidence of LVO—an understudied
population in earlier research. A continuous low-dose
intravenous infusion strategy was adopted, which may
provide stable antithrombotic effects while minimizing
hemorrhagic risk. Additionally, maintaining SBP within a
moderate range (140-160 mmHg) may help preserve
collateral perfusion, thereby reducing the risk of
hemorrhagic transformation. Notably, no cases of
symptomatic intracranial hemorrhage were observed in our
cohort, which may be attributable to the dosing strategy
and blood pressure management.

The favorable outcomes observed with tirofiban in the
present cohort are mechanistically grounded in the distinct
pathophysiology of progressive cerebral ischemia.
Neurological decline in non-LVO stroke is driven by
dynamic processes such as progressive thrombosis,
microembolization and microcirculatory failure (Chen et
al., 2022; Alves et al., 2019; Dhoisne et al., 2023), which
perpetuate ischemic injury despite the absence of a
proximal occlusion (Rzeplinski et al., 2025; Su et al.,
2022). Tirofiban, as a rapid-onset, reversible GP IIb/Illa
inhibitor, directly targets this pathology by immediately
inhibiting platelet aggregation (Rivet et al., 2025; Cui et al.,
2022). The absence of symptomatic intracranial
hemorrhage in the present series further validates the
integrated safety strategy of combining sustained low-dose
infusion  with  rigorous  hemodynamic  control,
demonstrating that antithrombotic efficacy can be achieved
without compromising safety.

This study acknowledges limitations that suggest
promising directions for future inquiry. First, the single-
center retrospective study involves a relatively small
sample size, which prevents the findings from being
generalized to other studies and reduces statistical power.
Second, treatment allocation was non-randomized;
although PSM was applied to balance key baseline
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characteristics, selection bias and residual confounding
cannot be completely eliminated. In addition, several
potentially important clinical confounders—such as stroke
etiology, detailed blood pressure parameters and the timing
of antithrombotic therapy initiation—were not included in
the multivariable regression model, which may have
influenced the estimated treatment effect. Third, while a
history of hypertension was recorded as a baseline variable,
dynamic  blood pressure measurements  during
hospitalization were not systematically quantified. From an
imaging perspective, only lesion location was compared
between groups; more detailed imaging characteristics,
including infarct volume, perfusion deficits and the degree
of arterial stenosis, were not consistently available for
analysis. Consequently, the potential impact of these
factors on clinical outcomes could not be fully assessed.
Fourth, the tirofiban dosing regimen was individualized in
real-world clinical practice, particularly regarding the
duration of the loading infusion. Given the absence of
prespecified subgroup analyses to evaluate the effects of
different dosing strategies, the reported findings should be
interpreted with caution. Finally, although no intracranial
hemorrhage, thrombocytopenia, or clinically significant
systemic bleeding was observed, the limited sample size
precludes a robust assessment of rare safety events.
Therefore, the safety findings should be considered
descriptive rather than definitive. Future large-scale,
multicenter, prospective RCTs incorporating standardized
blood pressure monitoring, quantitative imaging
assessments (including infarct volume and perfusion
parameters) and relevant biomarkers are warranted to
further validate the efficacy and safety of intravenous
tirofiban in patients suffering progressive ischemic stroke
without LVO.

CONCLUSION

In conclusion, early intravenous administration of tirofiban
possibly accelerates neurological recovery and enhances
functional outcomes in progressive stroke patients who
miss the thrombolytic window and do not have LVO,
without increasing the risk of hemorrhagic complications.
These findings provide supplementary evidence supporting
antiplatelet intervention in this underrepresented stroke
subgroup. Nevertheless, given the retrospective design and
limited sample size, these observations should be
interpreted with caution and confirmed in future RCTs.
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