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Abstract

Background The safety and efficacy of tirofiban for patients with acute ischemic stroke (AIS) remains controversial. We
therefore conducted a systematic review and meta-analysis.

Methods We searched PubMed, EMBASE, Cochrane Library, Web of Science, and related international clinical trials registries
through March 31, 2019, using the terms “tirofiban” and “stroke”. All apparently unconfounded randomized controlled trials
(RCTs) and cohort studies with two arms comparing treatment with and without tirofiban for AIS were included in this review.
Primary outcomes included symptomatic intracranial hemorrhage (sICH), fatal ICH, mortality, and modified Rankin Scale (mRS
0-2) at 3 months.

Results Seventeen studies including 2914 AIS patients were identified. Pooled results showed that tirofiban treatment in AIS did
not increase the risk of SICH (OR, 0.95; 95% CI, 0.71-1.28; p =0.75) or mortality (OR, 0.80; 95% CI; 0.64—1.02; p=0.07).
However, fatal ICH increased significantly in the tirofiban treatment group (OR, 2.84; 95% CI, 1.38-5.85; p=0.005), and
subgroup analysis showed that tirofiban via intra-arterial (IA) administration was associated with increased risk of fatal ICH
(OR, 2.90;95% CI, 1.12-7.55; p = 0.03), while intravenous (IV) administration was not (OR, 2.75; 95% CI, 0.92-8.20; p = 0.07).
In addition, tirofiban showed no obvious improvement in functional outcome (mRS 0-2) (OR, 1.29; 95% CI, 0.97-1.71; p=
0.08).

Conclusion Tirofiban seems to be safe in systemic treatment and may represent a potential choice for management of AIS.
However, intra-arterial administration requires further adequately controlled studies in order to develop an appropriate protocol,
similar to that in cardiology.
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Introduction

Tirofiban is a highly selective, fast-acting non-peptide glyco-
protein IIb/I11a (Gp IIb/I11a) platelet receptor antagonist with a
short half-life. It has been approved for the treatment of acute
coronary syndromes and has been proven effective and safe in
numerous studies [1]. Extending to acute cerebrovascular oc-
clusion, tirofiban also appears to be a feasible treatment, as
demonstrated by several preliminary studies from different
stroke centers [2—5]. The rapid technological advancements
in endovascular therapy have further encouraged the adminis-
tration of tirofiban in acute ischemic stroke (AIS) [6-8].
However, its efficacy post-endovascular therapy has raised
concerns due to an association with increased risk of fatal
intracranial hemorrhage (ICH) and poor outcomes in patients
with ischemia [9]. A recent prospective cohort study also sug-
gests that tirofiban treatment increases the risk of fatal ICH in
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ischemic stroke patients receiving endovascular
thrombectomy [10]. Since no consensus has been achieved
on the clinical use of tirofiban in AIS patients [11], we aimed
to conduct a meta-analysis of cohort studies to compare the
safety and efficacy of a tirofiban versus no-tirofiban regimen
for AIS treatment.

Methods

We conducted this study following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [12]. All analyses in this meta-
analysis are based on previously published studies, and thus
no ethical approval or patient consent were required.

Search strategy

We searched PubMed, EMBASE, Cochrane Library, and Web
of Science through March 31, 2019, using the search terms
“tirofiban” and “stroke”. A similar search strategy was applied
in international clinical trial registries, including the Stroke
Trials Registry (www.strokecenter.org/trials), ClinicalTrials.
gov (www.clinicaltrials.gov/), EU Clinical Trials Register
(www.clinicaltrialsregister.eu), Current Controlled Trials
(www.controlled-trials.com), and World Health Organization
International Clinical Trials Registry Platform (http://apps.
who.int/trialsearch/). In addition, references from relevant
published original articles were retrieved manually, and the
corresponding author was contacted when necessary. Studies
were limited to clinical subjects, and no language restrictions
were imposed.

Selection criteria

Randomized controlled trials (RCTs) and cohort studies incor-
porating tirofiban treatment alone or in combination with oth-
er conventional therapies were selected for review if they met
the following criteria: (1) included patients with confirmed
AIS; (2) compared the efficacy and/or safety between treat-
ment with and without tirofiban; and (3) reported outcomes
including at least one of the following: symptomatic intracra-
nial hemorrhage (sICH), fatal ICH, any ICH, systemic hem-
orrhage, mortality, modified Rankin Scale (mRS) at 3 months,
or recanalization rate (Thrombolysis in Cerebral Infarction
[TICI] 2b/3).

Exclusion criteria
The following were excluded: (1) studies with duplicate or

overlapping data; (2) those with no reporting of specified out-
comes; (3) single-arm studies; (4) studies in which both arms
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included tirofiban treatment; and (5) those with fewer than 10
patients in either group.

It should be mentioned that no restriction was applied in the
group receiving tirofiban with regard to route of administra-
tion, dosage, or treatment course. The specific process of
study selection is shown in Fig. 1.

Data extraction and management

Two investigators (J.H.G. and J.J.S.) retrieved potential stud-
ies by title and abstract, and then reviewed the full article to
identify the appropriate studies according to the inclusion and
exclusion criteria. The data were extracted independently by
the same two investigators. The tabulated data included first
author, publication year, country, study design and period,
number of patients, basic characteristics of patients, interven-
tion strategy, tirofiban dosage regimen, and outcomes mea-
surement. When the two investigators could not reach a con-
sensus or had any potential doubt, resolution was achieved by
discussion, or turned over to a third investigator (H.Y.) for
decision.

Assessment of quality and risk of bias

The Cochrane risk-of-bias assessment tool was used to eval-
uate the potential sources of bias in the included RCTs [13],
and the quality of the cohort studies was assessed using the
Newcastle-Ottawa Scale [14]. Quality control and bias iden-
tification were performed independently by two investigators
(J.H.G. and J.J.S.), and any disagreements were resolved by a
third investigator (H.Y.).

Outcomes definition

Primary outcomes considered were sSICH, fatal ICH, mortality,
and functional outcome (mRS 0-2) [15] at 3 months.
Secondary outcomes considered were any ICH, systemic
hemorrhage, functional outcome (mRS 0-1) [16] at 3 months,
and recanalization rate (TICI 2b/3) [17]. Outcomes were de-
fined according to the definitions used in the individual
studies.

Data synthesis and statistical analysis

The meta-analysis was conducted using Review Manager
(RevMan) version 5.3 (The Cochrane Collaboration 2014,
Nordic Cochrane Centre, Copenhagen, Denmark). For all out-
comes, pooled odds ratios (OR) and 95% confidence intervals
(Cls) were calculated according to the Mantel-Haenszel meth-
od with a fixed-effects or random-effects model according to
the heterogeneity among all included studies. The /° statistic
by the x” test for heterogeneity was quantified to measure
inconsistency across studies. A value of I greater than 50%
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Fig. 1 Flowchart of study
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was considered as indicative of substantial heterogeneity, and
the random-effects model was used. Otherwise, a fixed-effects
model according to the Mantel-Haenszel method was
adopted. When substantial heterogeneity was confirmed, sub-
group analyses (stratified by administration route, dosage) and
forest plots were conducted to probe the source of heteroge-
neity as far as possible. In addition, subgroup analyses were
performed by administration route for all primary outcomes.
Publication bias was estimated qualitatively by funnel plots
for primary outcomes.

Results
Study selection and study characteristics

From 545 studies retrieved from the literature, 17 studies
[2-10, 18-25] were included in our final analysis (Fig. 1). A
total of 2914 individuals were enrolled, with 1241 in the
tirofiban group and 1673 in the control group. Participants
were derived from two RCTs [2, 3], eight prospective cohort
studies [5, 6, 9, 10, 19-21, 24], and seven retrospective cohort
studies [4, 7, 8, 18, 22, 23, 25] (Table I in Electronic
Supplementary Material [ESM]).

Among the 17studies selected, eight were from European
countries (four in Germany, three in Italy, one in Switzerland)

Records after duplicates removed
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Records excluded
(n =250)

Records screened
(n=284)

Full-text articles excluded,

with reasons (n =17)
Non-acute ischemic stroke (n=2)
Single-arm/inappropriate
grouping (n=5)
No suitable outcome (n=1)
Patients < 10 per group (n=2)
Duplicates/overlapped data (n=7)

4

Full-text articles assessed
for eligibility
(n =34)

A 4

Studies included in
qualitative synthesis
(n=17)

}

Studies included in
quantitative synthesis
(meta-analysis)
(n=17)

and nine were from Asian countries (eight in China, one in
Korea). All studies similarly compared a regimen of tirofiban
versus no tirofiban with other treatments, with the exception
of two studies that compared tirofiban with intravenous (IV)
aspirin [3, 8]. No significant differences were found in age,
National Institutes of Health Stroke Scale (NIHSS) on admin-
istration, time from onset to treatment (OTT), or occlusion site
between the tirofiban and comparative group in most of the
included studies. However, the route of administration and
dosage of tirofiban differed among studies, with intra-arterial
(IA) administration in six studies and IV administration in the
other 11 studies.

Study quality and publication bias

Of the two included RCTs, one [3] had a low risk of all eval-
uated types of bias, and the other [2] had low risk of selection,
detection, reporting, and other potential bias, but had a high
risk of performance bias because of its open-label design, and
its attrition bias was unclear, as the study did not address in
detail the four patients who were lost to follow-up (Table II in
the ESM).

Risk of bias among the cohort studies was assessed using
the Newcastle—Ottawa Scale (Table III in ESM). The risk of
selection, comparability, and outcome bias was found to be
low in all the studies. More specifically, patients in the control
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group were recruited from a different center in two studies [4,
21], recombinant tissue plasminogen activator (rt-PA) dosage
was lower in the tirofiban group than in the control group in
one study [4], onset to treatment time (OTT) was significantly
longer in the tirofiban group than in the control group in one
study [24], and no proper description of patients lost to follow-
up was available in one study [24]. The overall score of the
Newecastle—Ottawa Scale was 130/135 (96.3%), which is con-
sidered to represent an overall high quality. Funnel plot in-
spection revealed no evidence of publication bias among stud-
ies regarding primary outcomes (Figure I in ESM).

Primary safety outcomes

Tirofiban did not increase the risk of sSICH in patients with AIS
(17 studies [2-10, 18-25]; OR, 0.95; 95% CI, 0.71-1.28; p =
0.75), and subgroup analysis by route of administration
showed that neither IV nor IA increased the risk of sICH
(OR, 0.88; 95% ClI, 0.55-1.40; p=0.58 and OR, 1.01; 95%
CL, 0.69-1.46; p=0.97, respectively) (Fig. 2). Tirofiban sig-
nificantly increased the risk of fatal ICH (5 studies [4, 7-10];
OR, 2.84; 95% CI, 1.38-5.85; p=0.005); subgroup analysis
showed that tirofiban administered by IA significantly in-
creased the risk of fatal ICH (OR, 2.90; 95% CI, 1.12-7.55;
p=0.03), but no significant difference was found in the IV
subgroup (OR, 2.75; 95% CI, 0.92-8.20; p=0.07) (Fig. 3).
Tirofiban did not increase the risk of mortality at 3 months (15
studies [2-5, 7, 8, 10, 18-25]; OR, 0.80; 95% CI, 0.64-1.02;

p=0.07); subgroup analysis showed that neither IV nor IA
increased the risk of mortality (OR, 0.80; 95% CI, 0.53—
1.20; p=0.28 and OR, 0.81; 95% CI, 0.60-1.08; p=0.15,
respectively) (Fig. Il in ESM).

Primary efficacy outcome

Tirofiban showed no significant improvement in functional
outcome (mRS 0-2) (10 studies [6-9, 18, 21-25]; OR, 1.29;
95% CI, 0.97-1.71; p=10.08) for AIS patients, and the result
was unchanged in subgroup analysis stratified by route of
administration (IV: OR, 1.35; 95% ClI, 0.74-2.49; p=0.33
and [A: OR, 1.23; 95% CI, 0.94-1.62; p =0.12, respectively)
(Fig. 11 in ESM).

Secondary outcomes

Tirofiban did not increase the risk of either ICH (17 studies
[2-10, 18-25]; OR, 1.02; 95% CI, 0.70-1.48; p =0.93; Fig.
IV in ESM) or systemic hemorrhage (6 studies [3, 4, 19, 20,
23, 25]; OR, 0.77; 95% CI, 0.41-1.45; p=0.41; Fig. V in
ESM) in AIS patients. No difference in good outcome (mRS
0-1) (9 studies [3, 7-10, 19, 20, 22, 25]; OR, 1.10; 95% CI,
0.87-1.39; p =0.44; Fig. VI in ESM) or recanalization (TICI
2b/3) rate (8 studies [8-10, 21, 22, 24, 25]; OR, 1.00; 95% ClI,
0.74-1.34; p=0.98; Fig. VII in ESM) was observed between
the tirofiban and control groups.

Fig. 2 0dds ratio with 95% Tirofiban Control Odds Ratio § Odds Ration
confidence interval (CI) estimates 111 IV route
for symptomatic intracranial Junghans 2001 0o 18 0o 17 Not estimable
hemorrhage (sICH) (tirofiban vs. Kellert 2013 8 50 9 112 50%  2.18[0.79,6.03] T
1) by individual study and Li 2016 0 4 0o 41 Not estimable
control) by individu; Yy Lin 2017 0 25 0 25 Not estimable
pooled results (IV: intravenous, Liu 2019 1177 163 16%  0.35[0.02 572
IA: intra-arterial) Palumbo 2010 3 56 4 53 42%  0.69[0.15, 3.26] s
Pan 2019 5 82 16 129 12.6% 0.46 [0.16, 1.30] - |
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Torgano 2010 175 3 75 32% 0.32[0.03, 3.19] _
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Heterogeneity: Chi? = 5.99, df =7 (P = 0.54); I> = 0%
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Gruber 2018 4 18 4 14 38% 0.71[0.14, 3.56] I E—
Kang 2018 0 68 172 16% 0.35[0.01, 8.69]
Wu 2018 13 89 7 124  54%  2.86[1.09,7.49] I —
Yu 2018 3 26 4 28 3.7% 0.78 [0.16, 3.89] - 1
Zhang 2019 21 154 80 478 36.3% 0.79[0.47, 1.32] —u
Zhao 2017 10 90 9 90 8.6% 1.13[0.43,2.91] - I
Subtotal (95% CI) 445 806 59.3%  1.01[0.69, 1.46] L 4
Total events 51 105
Heterogeneity: Chi? = 6.13, df =5 (P = 0.29); I> = 18%
Test for overall effect: Z = 0.04 (P = 0.97)

Total (95% Cl) 1225
Total events 83

Test for overall effect: Z = 0.32 (P = 0.75)

1668 100.0%

0.95[0.71, 1.28]
155

Heterogeneity: Chi? = 12.22, df = 13 (P = 0.51); I?= 0%
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Fig. 3 Odds ratio with 95%
confidence interval (CI) estimates
for fatal intracranial hemorrhage
(fatal ICH) (tirofiban vs. control)
by individual study and pooled
results (IV: intravenous, IA: intra-
arterial)
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Discussion

Tirofiban is highly selective for inhibiting GPIIb/Illa recep-
tors, and it is rapidly eliminated after cessation of infusion due
to its short half-life of about 2 h; thus it is widely used in the
treatment of ischemic heart disease, including unstable angina
pectoris, myocardial infarction (MI), and percutaneous trans-
luminal coronary angioplasty (PTCA). By analogy, it is also
considered as a potential alternative for AIS, and has been
extensively evaluated in ischemic stroke, alone or as adjunc-
tive therapy with intravenous thrombolysis and endovascular
therapy [26]. As early as 2001, Junghans et al. [5] performed a
baseline-matched prospective cohort study and demonstrated
no additional increased risk of cerebral bleeding with the use
of tirofiban in AIS. Similarly, a double-blind randomized trial
found no association with increased risk of sICH compared
with intravenous administration of aspirin [3]. The placebo-
controlled phase II Safety of Tirofiban in AIS (SaTIS) trial
also found no increased risk of cerebral hemorrhage with
tirofiban treatment in acute stroke [2]. However, Kellert
et al. [9] reported that tirofiban was associated with increased
risk of fatal ICH in endovascular therapy for AIS.

The current meta-analysis of 17 studies with a total of 2914
AIS patients indicated that tirofiban carried no increased risk
of sICH, any ICH, systemic hemorrhage, or mortality, but it
revealed a probability of increased risk of fatal ICH. Subgroup
analysis showed that intravenous infusion of tirofiban was
safe, but intra-arterial administration was associated with an
increased risk of fatal ICH. Additionally, subgroup analysis
stratified by anterior circulation stroke (ACS) and posterior
circulation stroke (PCS) was conducted in several of the stud-
ies reviewed [7, 9, 10]. Kellert et al. [9] reported that fatal ICH
occurred more frequently in tirofiban-treated patients with
ACS (13.3% vs. 3.1%; p = 0.05), and Wu et al. [10] also noted
an increased risk of fatal ICH in an ACS subgroup (10.3% vs.
1.9%, p=0.015). However, Zhao et al. [7] suggested that

tirofiban introduced no difference in fatal ICH for patients
with ACS (3.8% vs. 4.6%, p = 1.000). Pooled analysis showed
that tirofiban seemed to increase the risk of fatal ICH in ACS
(OR, 2.73; 95% CI, 1.16-6.45; p=0.02) but not in PCS (OR,
4.35;95% CI, 0.74-25.56; p = 0.10) (Fig. VIII in ESM).

In view of the dose-dependent inhibitory effects on platelet
aggregation [27], the proper dosage regimen is a key point for
tirofiban administration. The most commonly adopted proto-
col included intravenously administered tirofiban with a 30-
min loading infusion at a rate of 0.4 pg/kg/min followed by
continuous infusion of 0.1 pg/kg/min for 12 to 48 h according
to the PRISM-PLUS protocol for acute coronary syndrome
[27]. However, a high dose of 0.6 pg/kg/min for 30 min
followed by an infusion of 0.15 pg/kg/min for 72 h was ad-
ministered in the study by Torgano et al. [3]. Sensitivity anal-
ysis to exclude this study yielded no change in the results
(sICH: OR, 0.92; 95% CI, 0.57-1.49; p=0.74). For intra-
arterial application, a bolus of tirofiban was administered at
a dose ranging from 0.25 to 1.0 mg [7, 8, 10, 21, 22, 25],
which varied among different studies. Intravenous thrombol-
ysis (IVT) with rt-PA was administered in 10 studies [4, 7-10,
19, 21-24], typically in a standard dose of 0.9 mg/kg. A re-
duced dose of rt-PA (0.6 mg/kg) was used in both the ACS
and PCS groups in the study by Kellert et al. [9], and IVT plus
tirofiban was found to be safe and feasible for both groups
with optimized dosing.

Several limitations should be taken into consideration
when interpreting the results of this meta-analysis, especially
for fatal ICH. First, dosage regimens among included studies
were not completely consistent, especially for intra-arterial
administration. A precise dosage regimen for intra-arterial ad-
ministration of tirofiban is an important issue requiring clari-
fication. Second, types of vessel occlusion (large vessel or
arterioles) were not specified in most of the included studies,
the exception being the study by Kang et al. [21], in which
only patients with large vessel occlusion (LVO) were enrolled,
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and results suggested that intra-arterial infusion of tirofiban
was effective and safe in the treatment of acute stroke patients
with emergent LVO. The selection of suitable patients for
tirofiban treatment according to occlusion site might improve
outcomes in AIS. Third, aside from tirofiban, treatments such
as unfractionated heparin, endovascular therapy, and IVT var-
ied among studies. The heterogeneity of endovascular treat-
ment devices used among different research institutions
should also be considered. Fourth, the definition of sICH var-
ied among studies, including NINDS [28], ECASSII [29],
ECASS 1III [16], SITS-MOST [15], and Heidelberg Bleeding
Classification [30]. Additionally, only a few studies reported
on fatal ICH, which might introduce additional bias to this
outcome. These considerations highlight the need for future
well-controlled studies to assess the risk of fatal ICH with
tirofiban administration in patients with AIS, especially for
those undergoing endovascular therapy.

In conclusion, tirofiban appears to be associated with low
risk when administered systemically during the management
of acute stroke, and thus warrants further clinical studies.
Intra-arterial administration seems to carry a higher risk, and
a protocol and registry similar to that for cardiology should be
developed for the neuroradiological community.
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