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Introduction: Tirofiban is a non-peptide selective glycoprotein lIb/llla receptor
inhibitor with a short half-life. The research assesses the efficacy and safety
of continuous intravenous tirofiban in patients with acute ischemic stroke (AIS)
undergoing endovascular therapy (ET).

Methods: A systematic search of Pubmed, Embase, Web of Science, and
Cochrane Library databases is conducted from inception until January 26, 2024.
Eligible studies are included based on predefined selection criteria. Efficacy
outcomes (favorable functional outcome and excellent functional outcome) and
safety outcomes (symptomatic intracranial hemorrhage [sICH], any intracranial
hemorrhage [ICH], and 90-day mortality) are calculated using odds ratios (OR)
and 95% confidence intervals (Cl).

Results: A total of 4,329 patients from 15 studies are included in the analysis.
The results indicate a significant trend toward favorable functional outcomes
in the tirofiban group (OR, 1.24; 95% Cl, 1.09-1.42; p = 0.001). In terms of
safety outcomes, tirofiban does not increase the risk of sICH (OR, 0.90; 95%
Cl, 0.71-1.13; p = 0.35) or any ICH (OR, 0.97; 95% ClI, 0.70-1.34; p = 0.85),
but it significantly decreases 90—-day mortality (OR, 0.75; 95% CI, 0.64-0.88; p
= 0.0006). A subgroup analysis suggests that continuous intravenous tirofiban
demonstrates better efficacy (OR, 1.24; 95% Cl, 1.09-1.42; p = 0.001) for patients
with AlS undergoing rescue ET with even better results when used in combination
with intra—arterial and intravenous administration (OR, 1.25; 95% Cl, 1.07-1.451;
p = 0.005).

Conclusion: Continuous intravenous tirofiban is effective and safe for patients
with AIS undergoing rescue ET, particularly when combined with intra-
arterial tirofiban.

Systematic review registration: PROSPERO, identifier CRD42023385695.

KEYWORDS
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1 Introduction

As endovascular therapy (ET) technology advances, previous
research has demonstrated that ET is a secure and efficient
medical intervention for patients with acute ischemic stroke
(AIS) caused by large vessel occlusion (LVO) (1). Currently,
ET has become a crucial element in the standard treatment
protocol due to its proven association between improved functional
outcomes and reduced mortality compared to the traditional
medical therapy. This improvement is achieved through the direct
removal of thrombus and a significant increase in the successful
reperfusion rates. However, investigations have demonstrated
that reocclusion continues to occur even after recanalization
in approximately 20% individuals, leading to an increased risk
of a poor prognosis beyond 90 days (2). The reocclusion is
often attributed to endothelial injuries and platelet aggregation
during the ET procedure, which is hardly avoidable (3). In
addition, the rupture of atherosclerotic plaques during ET results
in the downstream migration of plaque fragments, which inflicts
multiple insults on the cerebral microcirculation. Therefore,
early bridging antiplatelet treatment during ET has gained
significant interest.

Glycoprotein (GP) IIb/IIIa inhibitors act on the surface of
platelet, playing a key role in blocking the final common pathway
to platelet aggregation. Tirofiban, a non-peptide compound that
explicitly inhibits the GP IIb/IIla receptor involved in platelet
aggregation, has a short half-life. This drug exhibits distinct
antiplatelet effects due to its unique pharmacokinetic properties.
Tirofiban is currently used in individuals with acute coronary
syndromes. Qiu et al. conducted a randomized, double-blind,
placebo-controlled trial, which did not provide evidence to support
the use of intravenous tirofiban before ET for patients with
AIS (4). Furthermore, opinions regarding tirofiban treatment in
patients with AIS undergoing ET have been inconsistent (5,
6). More information is needed to address the efficacy and
safety of continuous intravenous tirofiban in patients with AIS
treated with ET. Depending on the clinical situation, tirofiban
is administered in different ways, such as bolus intravenous
administration, bolus intra-arterial administration, and continuous
intravenous administration. A continuous infusion refers to the
administration of the entire tirofiban dose without any interruption
over a dosing period. The continuous intravenous administration
encompassed three modalities, namely continuous intravenous
alone, the combination of bolus intra-arterial with continuous
intravenous, and the combination of bolus intravenous with
continuous intravenous. Continuous intravenous administration
of tirofiban effectively prevents reocclusion and protects against
the microcirculation. This effectiveness is due to the ability of
tirofiban to adjust the dose and maintain steady efficacy in
inhibiting platelet aggregation. Therefore, continuous intravenous
administration of tirofiban has been the subject of numerous
research studies. This research aims to assess the efficacy and
safety of continuous intravenous tirofiban in patients with AIS who
undergo ET.
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2 Materials and methods

2.1 Search strategy

The search protocol adheres to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
(7). The databases, such as Pubmed, Embase, Web of Science,
and Cochrane Library, are searched for studies published from the
inception of the databases until January 26, 2024. The mesh terms
“Stroke” and “Tirofiban” are utilized, and their corresponding free
terms are systematically employed (Supplementary material 1). The
search is performed by two authors (Mengmeng Wang and Jing Li)
independently via screening the titles and abstracts of articles based
on predefined inclusion and exclusion criteria. This meta-analysis
has been registered in PROSPERO (ID: CRD42023385695).

2.2 Selection criteria

This study included the following criteria for inclusion: (1)
prospective or retrospective cohort study or randomized controlled
trials (RCTs); (2) patients diagnosed with AIS who receive ET
within 8h for occlusions in the anterior circulation and within
24 h for occlusions in the posterior circulation following the onset
of stroke symptoms; and (3) the patient division into two groups
based on whether they receive intravenous tirofiban throughout
the operation.

This study included the following criteria for exclusion: (1)
single-arm trials; (2) animal studies, case reports, conference
abstracts, or reports where data cannot be gathered from the
published article; (3) studies involving only intra-arterial tirofiban
throughout the operation; (4) studies from the same database; and
(5) studies with fewer than 30 participants per group.

2.3 Outcomes

The efficacy outcomes include favorable and excellent
functional outcomes at 3 months. A favorable functional outcome
is defined as modified Rankin Scale (mRS) 0-2, indicating
self-sufficiency and independence in daily activities at 90 days.
Meanwhile, the excellent functional outcome is defined as mRS
0-1, indicating proficiency in performing usual responsibilities
and tasks at 90 days. The safety outcomes include symptomatic
intracranial hemorrhage (sICH), any intracranial hemorrhage
(ICH), and 90-day mortality. sSICH and any ICH are determined
according to the ECASS III study (8) or the Heidelberg Bleeding
Classification (9). The 90-day mortality is defined as an mRS score
of 6 within 3 months.

2.4 Data extraction and quality assessment

Two researchers independently extract the data, which are then
cross-checked for consistency. In the event of any disagreement,
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a discussion between the two researchers is held to resolve the
issue. If necessary, the assistance of a third professional is sought.
The following details are recorded: author (year), country, study
design, sample size, sex, age, intravenous thrombolysis, onset
to recanalization time (OTR), onset to puncture time (OTP),
administration route of tirofiban, cause of stroke, occlusion
location in the cerebral artery, efficacy outcomes, and safe
outcomes. The Newcastle-Ottawa Scale (NOS) is used to assess the
quality of observational studies based on three domains: selection,
comparability, and result of the research (10). The time of stroke
onset is defined as the last recorded instance when the patient
was observed to be in a normal condition. The stroke causative
mechanism is assessed based on the Trial of ORG 10172 in Acute
Stroke Treatment (TOAST) classification (11). The Cochrane Risk
of Bias Tool (RoB 2) is utilized to evaluate the quality of RCTs,
categorizing the trials into low, medium, and high quality (12).
The Newcastle-Ottawa Scale (NOS) is used to assess the quality
of observational studies based on three domains, namely selection,
comparability, and result of the research. A study with a NOS score
of 7-9 is considered high quality (10).

2.5 Statistical analysis and sensitivity
analysis

The statistical analysis is conducted using RevMan 5.3 software
provided by the Cochrane Collaboration. Each outcome is
represented by a binary variable. The odds ratios (OR) with
95% confidence intervals (CI) are generated using a fixed-effects
model, and the Mantel-Haenszel technique is used to determine
the effect size. Statistical significance is defined as a p < 0.05.
Meanwhile, the heterogeneity is assessed using the weighted sum
of squared differences (I?). I* values over 75% indicate high
heterogeneity, while values ranging from 50% to 75% indicate
moderate heterogeneity. In light of the prevailing conditions, a
random-effects model is employed. To assess the influence of
individual studies on the overall findings, a sensitivity analysis
is conducted by systematically excluding one study at a time.
Publication bias is assessed using funnel plots.

3 Results

3.1 Search results and study characteristics

A total of 666 potentially relevant publications were retrieved
by two researchers independently. After excluding duplicate
entries and evaluating the titles and abstracts, a total of 58
articles were identified for further examination of the full
texts. In the present investigation, the study with the largest
sample size was selected from a pool of studies from the
same database. Ultimately, this meta-analysis incorporates a total
of 15 papers that meet the inclusion criteria of the current
research work (Supplementary material 2). Among these, one is
a RCT study (4), 10 are retrospective studies (13-22), and
the last four are prospective studies (23-26). A total of 4,329
patients from 15 selected studies are included. The baseline
characteristics of the included studies and the quality assessment
of these studies are summarized in Supplementary material 3.
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All of the included studies are considered to be high quality
(Supplementary materials 4, 5).

3.2 Efficacy outcomes

3.2.1 Favorable functional outcome

Fourteen studies report a favorable functional outcome at
the 3-month follow-up (Figure 1A). The incidence of a favorable
functional outcome is 42.5% (771/1,812) in the tirofiban group and
38.9% (904/2322) in the non-tirofiban group. The pooled analysis
demonstrates a statistically significant increase in the probability
of achieving a favorable functional outcome in the tirofiban group
(OR, 1.24; 95% CI, 1.09-1.42; p = 0.001), without any significant
heterogeneity (p = 0.14; I* = 29%).

3.2.2 Excellent functional outcome

Seven research studies provide data for evaluating the excellent
functional outcome at the 3-month follow-up period (Figure 1B).
The incidences of achieving an excellent functional outcome in
the tirofiban and non-tirofiban groups are 28.2% (355/1,260) and
26.7% (320/1,198), respectively. The pooled analysis reveals no
statistically significant difference in excellent functional outcome
between the patients in the tirofiban and non-tirofiban groups (OR,
1.09; 95% CI, 0.91-1.31; p = 0.36). No significant heterogeneity
is detected among the trials included in this analysis (p = 0.53; I’
=0%).

3.3 Safety outcomes

3.3.1 sICH incidence

Fourteen studies document the occurrences of sICH
(Figure 2A). The incidence of sICH is 8.0% (147/1,828) in
the tirofiban group compared to 8.4% (202/2,412) in the non-
tirofiban group. No significant difference is observed when
estimating the relationship between tirofiban and sICH for patients
with AIS treated by ET (OR, 0.90; 95% CI, 0.71-1.13; p = 0.35).
The heterogeneity between the two groups is low (p = 0.35; I?
— 49%).

3.3.2 Any ICH incidence

A total of nine studies examine the incidence of any ICH
(Figure 2B). The tirofiban group comprises 326 out of 1,475 (22.1%)
patients, whereas the non-tirofiban group includes 356 out of
1,868 (19.1%) patients. The pooled analysis reveals no significant
difference in the incidence of any ICH (OR, 0.97; 95% CI, 0.70-
1.34; p = 0.85). The heterogeneity between the two groups is high
(p = 0.02; T = 57%).

3.3.3 90-day mortality

The 90-day mortality is recorded in 12 studies (Figure 2C).
Within 90 days, 386 individuals (16.7%) in the tirofiban group and
503 individuals (17.2%) in the non-tirofiban group died. Compared
to the non-tirofiban group, the mortality in the tirofiban group
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Favours [control] Favours [Tirofiban]

is lower (OR, 0.75; 95% CI, 0.64-0.88; p = 0.0006). Significant
heterogeneity is not observed (p = 0.06; I* = 42%).

3.4 Subgroup analysis

The subgroup analysis is conducted by categorizing the 15
studies into rescue ET group and non-rescue ET group (Figure 3A).
This analysis demonstrates that tirofiban exhibits more favorable
prospects in the rescue ET group, as it led to better prognosis (OR,
1.24; 95% CI, 1.09-1.42; p = 0.001) without increasing the risk of
sICH (OR, 0.90; 95% CI, 0.71-1.13; p = 0.35).

Furthermore, another subgroup analysis is conducted to
investigate the effect of tirofiban administration in the rescue ET
group (Figure 3B). Two categories of studies are identified, such
as intravenous tirofiban alone, and a combination of intra-arterial
and intravenous tirofiban. Patients receiving a combination of
intra-arterial and intravenous tirofiban experience a significantly
improved favorable functional outcome (OR, 1.25; 95% CI,
1.07-1.45; p = 0.005) without increasing the risk of SICH (OR, 0.70;
95% CI, 0.54-0.90; p = 0.007) in the rescue ET group.
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3.5 Sensitivity analysis

No significant heterogeneity is observed among the studies
regarding favorable functional outcome, excellent functional
outcome, 90-day mortality, and sICH. However, the result for
any ICH shows heterogeneity. Therefore, the sensitivity analysis
is conducted by excluding studies one by one. The results for
the above endpoints are largely stable (Supplementary material 6).
Moreover, upon excluding the study by Chen et al. (20), the
12 values of any ICH decreased from 57% to 19%. Upon visual
inspection of the funnel plot, no apparent asymmetry is observed
(Supplementary material 7).

4 Discussion

The primary objective of the present analysis is to evaluate
the efficacy and safety of continuous intravenous tirofiban in
patients with AIS who undergo ET. According to the results,
receiving continuous intravenous tirofiban is associated with
a better prognosis without increasing the risk of sICH for
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FIGURE 2
(A, B) Forest plot of tirofiban vs. control for safety outcomes meta-analyses of related studies.

patients with AIS undergoing rescue ET, and the combined This pooled analysis reveals that continuous intravenous
use of intra-arterial tirofiban particularly demonstrates tirofiban is linked to improved functional outcomes. It is well-
significant efficacy. established that ET can benefit patients with AIS caused by
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FIGURE 3 (Continued)
Forest plot of the favorable functional outcome and the symptomatic intracranial hemorrhage in subgroup analysis. (A) Rescue ET group vs.
non-rescue ET group. (B) Combining intra-arterial with intravenous tirofiban vs. intravenous tirofiban alone in rescue ET group.

LVO by restoring blood flow reperfusion. In other words, (27). However, regrettably, less than half of the patients with

recanalization rates have been steadily enhanced to over 80%  positive reperfusion in the large vasculature experience good

through the utilization of various thrombectomy techniques  prognosis (2). The release and expansion of the stent and balloon
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during the procedure lead to plaque compression, fragmentation,
and shedding, leading to microemboli formation within the
distal microvasculature and resulting in inadequate perfusion
(28). Additionally, the mechanical thrombectomy device can
exert abrasive force, causing endothelial injury and subsequent
reocclusion (29). The aforementioned factors may contribute to the
poor functional outcome. In this regard, tirofiban plays a crucial
role in improving the prognosis of patients with AIS undergoing
ET due to its rapid and potent antiplatelet effects.

The current study highlights the significant importance of
continuous intravenous tirofiban in improving the prognosis of
patients with AIS undergoing ET. However, Qiu et al. demonstrated
that administration of intravenous tirofiban did not have a
significant impact on enhancing long-term patient outcomes
during ET for patients with AIS, although there was slight tendency
toward a more favorable result (4). In other words, as the sample
size expands, the study may vyield different conclusions. Several
meta-analyses have examined the efficacy and safety of continuous
intravenous tirofiban in patients with AIS undergoing ET (5, 6).
However, there is a lack of comprehensive research specifically
focusing on the route of administration of tirofiban. Zhang
et al. demonstrated that intravenous administration of tirofiban
remains both safe and efficacious in treating patients with AIS
who undergo ET (30), which is consistent with the conclusion of
this study. Therefore, combining the recent evidence, this study
shows continuous intravenous tirofiban during ET is particularly
important for enhancing the prognosis of patients with AIS.

The Safety of Tirofiban in Acute Ischemic Stroke (SaTIS)
trial confirms that continuous intravenous infusion of tirofiban is
safe for patients with AIS (31). In line with the aforementioned
outcome, the present meta-analysis reveals that the administration
of continuous intravenous tirofiban to patients with AIS
undergoing ET does not increase the risk of hemorrhage or
the 90-day mortality. However, there is an ongoing debate
regarding whether the administration of continuous intravenous
tirofiban enhances the risk of hemorrhage in patients with AIS
undergoing ET. In a cohort study, Kellert et al. concluded that
tirofiban treatment during ET was associated with a higher risk
of developing fatal ICH and poor outcomes (23). Several factors
may contribute to this contradiction. Kellert et al. collected data
from 2006 to 2011 (23), while other studies included are conducted
after 2015 when there are significant improvements in technology
and devices, such as mechanical thrombectomy, ballooning, and
stenting. Furthermore, there have been enhancements in patient
screening criteria. Nevertheless, Wu et al. stated that tirofiban
exhibits a dose-dependent impact on ICH (32), with a higher
incidence of hemorrhage observed at higher dosages of tirofiban.
Therefore, in recent years, most studies have opted for low-dose
tirofiban. Consistent with these findings, the data demonstrate
no correlation between continuous intravenous administration of
low-dose tirofiban and the risks of developing sICH, any ICH, or
90-day mortality.

For patients with AIS caused by LVO, ET becomes the preferred
treatment option. The standard ET typically involves stent retriever
thrombectomy and aspiration thrombectomy. However, it has
been observed in clinical practice that a small subset of patients
are unable to achieve successful recanalization (Thrombolysis in
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Cerebral Infarction 2b-3) following the positive standard ET.
Therefore, the rescue ET is performed, wherein procedures, such
as angioplasty and stent placement, are applied as rescue measures
in cases of failed recanalization. Tirofiban would serve as a rescue
medication under the following conditions: (1) severe residual
stenosis after thrombectomy; (2) treatment with emergency
stenting or balloon angioplasty for failed thrombectomy; (3)
successful recanalization achieved after at least three attempts
with a high potential for endothelial injuries; and (4) severe
atherosclerosis with a high risk of reocclusion. The subgroup
analysis reveals that tirofiban exhibits more favorable prospects
in the rescue ET, demonstrating improved prognosis without
increasing the risk of sSICH.

This study is the first meta-analysis to demonstrate a
significant enhancement in the proportion of individuals achieving
functional independence when continuous intravenous tirofiban
are used in the rescue ET, especially combined with intra-
arterial injection. The present findings provide new evidence
supporting the clinical use of combining intra-arterial injection
with continuous intravenous tirofiban in patients with AIS
undergoing rescue ET. Previous studies have found that there
is a risk of reocclusion in patients with AIS undergoing
ET, which is a matter of significant concern (3, 33). This
reocclusion negatively affects the functional outcome of patients
with AIS who undergo ET. In such cases, the significance of
rescue ET should not be overlooked. Tirofiban administration
via the target artery prevents local thrombosis and arterial
reocclusion by directly acting on the injured endothelium and
dissolving plaque. Additionally, the concentrated dose of tirofiban
delivered to the distal end with the blood flow plays a crucial
role in alleviating microthrombus formation and improving
microcirculation. Continuous intravenous tirofiban may assist in
maintaining sufficiently high blood concentrations to prevent
platelet aggregation. Previous cohort studies conducted by Yan
et al. and Guo et al. have reported that combining intra-arterial
with intravenous tirofiban is associated with improvements in
the functional outcomes of patients undergoing rescue ET, which
aligns with the findings of the present analysis (14, 17). Overall,
this study provides valuable insights into the combination of
intra-arterial injection and intravenous tirofiban administration in
patients treated by rescue ET, demonstrating its efficacy and safety
while highlighting its potential to improve functional outcomes
without increasing the risk of sICH. Therefore, further research
should focus on this combination therapy in patients with AIS
undergoing rescue ET.

This analysis has several limitations as well. First, the majority
of the included studies are cohort studies, with only one being
RCT. This introduces the possibility of selection bias in the
individual patient pool. Nevertheless, the efficacy and safety of
continuous intravenous tirofiban remain significant even after
conducting the sensitivity analysis and heterogeneity testing.
Second, there are differences in baseline characteristics among
the included studies, including ET strategies, occlusion locations,
and intravenous thrombolysis. Regrettably, the unavailability
of individual stratified data limited the ability to adjust for
these differences, which may have potentially influenced the
conclusions of the present work. Therefore, it is crucial to
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conduct extensive RCTs with a large number of participants to
establish the efficacy and safety of the combination of intra-
arterial and intravenous tirofiban in patients with AIS treated by
rescue ET.

In conclusion, continuous intravenous tirofiban for patients
with AIS treated by rescue ET is effective and safe, particularly
when combined with intra-arterial tirofiban, in improving the 3-
month favorable functional outcome without increasing the risk
of sSICH.
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