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RESEARCH ARTICLE
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Abstract

Background and Objective

To investigate the efficacy and safety of IV infusion of tirofiban before endovascular throm-
bectomy for patients with large vessel occlusion due to intracranial atherosclerotic disease. The
secondary objective was to identify potential mediators for the clinical effect of tirofiban.

Methods

Post hoc exploratory analysis of the Endovascular Treatment With versus Without Tirofiban for
Patients with Large Vessel Occlusion Stroke (RESCUE BT) trial, which was a randomized,
double-blinded, placebo-controlled trial at SS centers in China from October 2018 to October
2021. Patients with occlusion of the internal carotid artery or middle cerebral artery due to
intracranial atherosclerosis were included. The primary efficacy outcome was the proportion of
patients achieving functional independence (defined as modified Rankin scale 0-2) at 90 days.
Binary logistic regression and causal mediation analyses were used to estimate the treatment
effect of tirofiban and the potential mediators.

Results

This study included 43S patients, of whom 71.5% were men. The median age was 65 (inter-
quartile range [IQR] 56-72) years, with a median NIH Stroke Scale of 14 (IQR 10-19).
Patients in the tirofiban group had higher rates of functional independence at 90 days than
patients in the placebo group (adjusted odds ratio 1.68; 95% CI 1.11-2.56, p = 0.02) without an
increased risk of mortality or symptomatic intracranial hemorrhage. Tirofiban was associated
with fewer thrombectomy passes (median [IQR] 1 [1-2] vs 1 [1-2], p = 0.004), which was an
independent predictor of functional independence. Mediation analysis showed tirofiban-
reduced thrombectomy passes explained 20.0% (95% CI 4.1%-76.0%) of the effect of tirofiban
on functional independence.

Discussion

In this post hoc analysis of the RESCUE BT trial, tirofiban was an effective and well-tolerated
adjuvant medication of endovascular thrombectomy for patients with large vessel occlusion due
to intracranial atherosclerosis. These findings need to be confirmed in future trials.
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Glossary

aOR = adjusted OR; ASPECTS = Alberta Stroke Program Early CT Score; EVT = endovascular therapy; ICA = internal carotid
artery; ICAD = intracranial atherosclerotic disease; ICH = intracranial hemorrhage; IQR = interquartile range; ITT = intention-
to-treat; IVT = IV thrombolysis; LVO = large vessel occlusive; M1 MCA = MCA M1 segment; M2 MCA = MCA M2 segment;
MCA = middle cerebral artery; mRS = modified Rankin scale; NIHSS = NIH Stroke Scale; OR = odds ratio; RESCUE BT =
Endovascular Treatment With versus Without Tirofiban for Patients with Large Vessel Occlusion Stroke; sSICH = symptomatic

ICH.

Trial Registration Information

The RESCUE BT trial was registered on the Chinese Clinical Trial Registry: chictr.org.cn, ChiCTR-INR-17014167.

Classification of Evidence

This study provides Class II evidence that tirofiban plus endovascular therapy improves 90-day outcome for patients with large

vessel occlusion due to intracranial atherosclerosis.

Intracranial atherosclerotic disease (ICAD) is one of the most
common causes of large vessel occlusive (LVO) stroke, es-
pecially in the Asian, Black, and Hispanic population.l'3 LVO
stroke related to ICAD has a high risk of recanalization failure
after thrombectomy and often requires additional angioplasty
and/or permanent stent." One of the major concerns is
thrombectomy, and rescue treatment could aggravate endo-
thelial injury, leading to platelet aggregation and subsequent
reocclusion.

Tirofiban, a selective glycoprotein IIb/IIla receptor inhibitor,
could effectively inhibit the bridging of fibrinogen with
platelet and prevent arterial thrombosis.* Given the robust
evidence in percutaneous coronary intervention,™ tirofiban
has been commonly used as an adjuvant medication during
endovascular therapy (EVT) in acute ischemic stroke,”
though this indication has not been approved by the US Food
and Drug Administration. Several studies have indicated that
tirofiban may decrease the risk of arterial reocclusion for
ICAD-related LVO stroke and improve the clinical outcomes
after EVT for stroke patients with atherosclerotic etiology.7’9
However, selection bias and small sample size limited the
reliability of their results. The Endovascular Treatment With
versus Without Tirofiban for Patients with Large Vessel Oc-
clusion Stroke (RESCUE BT) trial was a randomized trial to
test the efficacy and safety of tirofiban plus EVT for patients
with proximal intracranial large vessel occlusion, which
demonstrated that IV tirofiban vs placebo before EVT did not
improve the functional disability at 90 days.'® Nevertheless, it
remains unclear as to whether tirofiban could be offered to
patients with stroke attributable to ICAD.

In this secondary analysis of the RESCUE BT trial, we sought
to estimate the association between tirofiban and outcomes
after EVT in patients with LVO stroke due to ICAD. Fur-
thermore, we sought to identify the potential mediators for
tirofiban treatment using a causal mediation analysis'"'>
assess the heterogeneity of treatment effect in key subgroups.

and

Neurology.org/N

The primary research question was whether adding tirofiban
to EVT could be effective and safe for patients with LVO
stroke due to ICAD.

Methods

Study Design and Participants

The RESCUE BT was a prospective, double-blind, random-
ized clinical trial of IV tirofiban plus EVT vs placebo plus EVT
for patients presenting with an occlusion of the internal ca-
rotid artery (ICA) or middle cerebral artery (MCA) within 24
hours of symptom onset. The trial protocol and patient eli-
gibility criteria have been previously reported.'’ In brief, pa-
tient randomization was stratified by age, baseline NIH Stroke
Scale (NIHSS), occlusion site, and participating center. Pa-
tients who had received dual antiplatelet therapy or IV
thrombolysis (IVT) were excluded from trial enrollment. The
study drug was initiated before EVT at a dose of 10 pg/kg IV
bolus followed by an infusion of 0.15 pg/kg/min for up to 24
hours (eMethod 1, links.Iww.com/WNL/C698).

Standard Protocol Approvals, Registrations,
and Patient Consents

The RESCUE BT trial was registered on the Chinese Clinical
Trial Registry (chictr.org.cn, ChiCTR-INR-17014167). The
study was approved by the ethics committee of the Xingiao
Hospital, Army Medical University, and all participating
centers. Written informed consent was obtained from all pa-
tients or their proxy.

Etiologic Identification of ICAD

The case report forms and source documents (including
medical history, clinical features, laboratory test, 24-hour
ECG, echocardiography, noninvasive brain imaging, and an-
giography of DICOM format) were centrally assessed by 2
senior neurologists who were unaware of treatment allocation
(Dr. Zi and Dr. Li). Discrepant cases were resolved by con-
sensus. The ICAD-related LVO stroke was defined as acute in
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situ thrombo-occlusion secondary to underlying ICAD after
excluding embolism or other etiologies according to the Trial
of Org 10172 in Acute Stroke Treatment criteria." If there
was an established source of the embolism, and/or primary
thrombectomy led to completely recanalized of the occluded
vessel, an embolic occlusion was identified. Supporting evi-
dence of ICAD on angiography were remnant stenosis >50%
or a stenosis with significant distal flow disturbance, transient
visualization of eccentric plaque contour, or reocclusion ten-
dency at the target arterial lesion after thrombus removal."***
The artery stenosis was free from vasospasm, dissection,
vasculitis, or Moyamoya disease.

Variables and Imaging Assessment

Demographic variables, vascular risk factors, baseline NIHSS
score, workflow measures, and treatment information were
prospectively recorded during enrollment.

All imaging data were evaluated based on central evaluation in
the RESCUE BT imaging core laboratory. The location of the
target occlusion was assessed based on CT or MR angiogra-
phy on admission and were classified as ICA, MCA MI seg-
ment (M1 MCA), and MCA M2 segment (M2 MCA). The
extent of ischemic injury was assessed using the Alberta Stroke
Program Early CT Score (ASPECTS)."® Reperfusion at final
angiography was assessed using the expanded Thrombolysis
in Cerebral Ischemia score, with grade 2b 50, 2¢, or 3 in-
dicating substantial, near-complete, or complete reperfusion,
respectively.16 Recurrent occlusion of the reperfused arteries
were assessed based on follow-up CT or MR angiography
examined within 48 hours after thrombectomy.

Outcomes

The primary efficacy outcome was the rate of functional in-
dependence, defined as modified Rankin scale (mRS) score of
0-2, at 90 days. The mRS was adjudicated by 2 neurologists
who were blind to treatment allocation through review of the
patients’ structured video or voice recordings. No patient was
lost during follow-up. A secondary efficacy outcome was the
level of mRS at 90 days. The safety outcomes included all-
cause death within 90 days, any intracranial hemorrhage (ICH),
symptomatic ICH (sICH), and fatal ICH within 48 hours. ICH
was assessed according to the Heidelberg criteria,'” and symp-
tomatic hemorrhage was defined as ICH associated with clinical
deterioration of 4 points or more in the NIHSS score.

Statistical Analysis

Statistical analyses were performed based on the intention-to-
treat (ITT) population. Missing data were imputed using the
mode (ICH, 2/435 [0.5%]; sICH, 2/435 [0.5%]) or multiple
imputation (reocclusion, 76/382 [19.9%]). Demographic fac-
tors, medical history, and baseline characteristics between groups
were compared using the x” or Fisher exact test for categorical
variables and the Mann-Whitney U test for continuous variables.

We first identified the independent predictors of functional
independence after EVT in stroke patients due to ICAD.

Neurology | Volume 100, Number 19 | May 9, 2023

Variables significant at a < 0.10 in multivariable regression
served as the confounding factors for subsequent analyses of
treatment effect. The clinical outcomes were compared be-
tween the 2 treatment arms using binary logistic regression,
ordinal logistic regression, Poisson logistic regression, and
linear logistic regression, as appropriate. Adjusted odds ratio
(aOR), common odds ratio (OR), relative risks, and B co-
efficient were reported with 95% CI. We also performed the
analyses based on the per-protocol population to verify the
robustness of our results.

To identify the potential mediator of the effect of tirofiban on
functional outcomes, we performed cause mediation analysis
(detailed in eMethod 2, links.lww.com/WNL/C698) from
the following factors: first pass effect, thrombectomy passes,
procedure time, reperfusion at final angiogram, and post-
procedural reocclusion of the target artery. These variables
were selected based on clinical practice and previous
reports.”'® In subgroup analysis, we established S separate
models and tested the interaction of treatment with each
variable (age, ASPECTS, onset-to-randomization time, oc-
clusion location, or intracranial angioplasty) by bringing their
multiplicative interaction terms into the base model. All tests
were 2-sided, and statistical analyses were performed using
STATA version 15.2 (StataCorp LLC, College Station, TX)
and R Studio software (version 1.3.1093) with the mediation
package.

Data Availability

Anonymized data will be shared to qualified investigators
whose proposal of data use has been approved by the corre-
sponding author and the RESCUE BT investigators.

Results

Patient Characteristics

Of the 950 patients randomized in the RESCUE BT trial, 2
patients who withdrew informed consent, 406 patients with
cardioembolism, 77 patients with unknown stroke etiology,
and 30 patients with other stroke etiology were excluded
(eFigure 1, links.lww.com/WNL/C698). A total of 435 pa-
tients with acute ischemic stroke due to ICAD were included
in this analysis, including 197 patients assigned to the tirofiban
group and 238 patients assigned to the placebo group. The
median (interquartile range, IQR) age was 65 (56-72) years,
the median NIHSS score was 14 (10-19), and 311 (71.5%)
patients were men.

Baseline characteristics and treatment information in both
treatment arms are summarized in Table 1. The baseline
characteristics were well balanced for age, baseline NIHSS
score and ASPECTS, but randomized assignment resulted
in numerically lower rates of men (67.5% vs 74.8%) and
occlusion of the M2 MCA (8.1% vs 15.1%) in the tirofiban
group than in the placebo group. There were 57 (28.9%)
patients who received stenting in the tirofiban group and S8

Neurology.org/N
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Table 1 Baseline Characteristics of Participants

All patients (n = 435) Tirofiban (n = 197) Placebo (n = 238) p Value

Age, y, median (IQR) 65 (56-72) 65 (56-72) 65 (56-73) 0.67
Men, n/N (%) 311/435 (71.5) 133/197 (67.5) 178/238 (74.8) 0.09
Pretreatment NIHSS score, median (IQR) 14 (10-19) 14 (11-19) 14 (10-19) 0.81
Systolic blood pressure, mm Hg, median (IQR) 149 (133-164) 150 (136-168) 148 (132-163) 0.41
Serum glucose, mmol/L, median (IQR)? 7.0 (5.7-9.3) 7.0 (5.8-9.0) 7.0 (5.7-9.6) 0.80
Medical history, n/N (%)

Hypertension 280/435 (64.4) 122/197 (61.9) 158/238 (66.4) 0.33

Atrial fibrillation 37/435 (8.5) 18/197 (9.1) 19/238 (8.0) 0.67

Coronary heart disease 73/435 (16.8) 33/197 (16.8) 40/238 (16.8) 0.99

Diabetes mellitus 120/435 (27.6) 54/197 (27.4) 66/238 (27.7) 0.94

Hyperlipidemia 85/435 (19.5) 45/197 (22.8) 40/238 (16.8) 0.1

Ischemic stroke 68/435 (15.6) 27/197 (13.7) 41/238 (17.2) 0.31

Prestroke modified Rankin scale >2 8/435 (1.8) 5/197 (2.5) 3/238 (1.3) 0.53°
Location of occlusion, n/N (%) 0.07

Terminal internal carotid artery 70/435 (16.1) 31/197 (15.7) 39/238 (16.4)

Middle cerebral artery M1 segment 313/435 (72.0) 150/197 (76.1) 163/238 (68.5)

Middle cerebral artery M2 segment 52/435 (12.0) 16/197 (8.1) 36/238 (15.1)
Baseline ASPECTS, median (IQR) 8(7-9) 8(7-9) 8 (7-9) 0.50
ASITN/SIR score, median (IQR) 2(2-3) 2(2-3) 2(2-3) 0.21
Workflow times, min, median (IQR)

Time from onset to randomization 476 (321-709) 477 (317-707) 465 (324-713) 0.71

Time from onset to IV study drug 484 (330-725) 489 (327-712) 479 (331-735) 0.74

Time from onset to reperfusion 575 (401-820) 587 (410-805) 573 (398-830) 0.97
General anesthesia, n/N (%) 169/435 (38.9) 78/197 (39.6) 91/238 (38.2) 0.77
Stenting, n/N (%) 115/435 (26.4) 57/197 (28.9) 58/238 (24.4) 0.24
Balloon angioplasty, n/N (%) 226/435 (52.0) 97/197 (49.2) 129/238 (54.2) 0.30
Balloon angioplasty and stenting, n/N (%) 101/435 (23.2) 46/197 (23.4) 55/238 (23.1) 0.95

Abbreviations: ASITN/SIR = American Society of Intervention and Therapeutic Neuroradiology/Society of Interventional Radiology; ASPECTS = Alberta Stroke

Program Early CT Score; IQR = interquartile range; NIHSS = NIH Stroke Scale.

@ Missing data (14 in the tirofiban group and 17 in the placebo group) were excluded from analysis.

® Analysis using continuity correction.

(24.4%) patients in the placebo group (p = 0.24). The rates
of balloon angioplasty were also similar (49.2% vs 54.2%, p =
0.30) between the 2 groups.

Outcomes of Tirofiban vs Placebo

In the cohort comparing patients receiving tirofiban with those
receiving placebo, the predictors of functional independence at
90 days included age, pretreatment systolic blood pressure, his-
tory of diabetes, baseline NIHSS, baseline ASPECTS, and lo-
cation of occlusion (eTable 1, links.Iww.com/WNL/C698). All

subsequent analyses were adjusted for these covariates.

Neurology.org/N

There was a higher rate of functional independence at 90 days
in the tirofiban group than in the placebo group (49.7% vs
39.1%, aOR 1.68, 95% CI 1.11-2.56, p = 0.02; Table 2). The
adjusted common OR for tirofiban when compared with that
for placebo was 1.42 (95% CI 1.01-1.99, p = 0.043; Figure 1).
Patients in the tirofiban group had numerically lower mor-
tality (14.2% vs 18.5%) and numerically higher rates of any
ICH (29.1% vs 23.2%), but the differences did not reach
statistical significance. The rates of sSICH were similar, with
14/197 (7.1%) patients in the tirofiban group and 17/238
(7.1%) patients in the placebo group (adjusted relative risk

Neurology | Volume 100, Number 19 | May 9, 2023
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Table 2 Comparison of Clinical Outcomes Between 2 Treatment Arms in the Intention-to-Treat Population

All patients Tirofiban Placebo Effect Adjusted value
(n=435) (n=197) (n=238) parameter (95% CI) p Value
Efficacy outcomes
Functional independence at 90 d, n/N (%) 191/435 (43.9) 98/197 (49.7) 93/238(39.1) Odds ratio 1.68(1.11-2.56)  0.02
Modified Rankin scale score at 90 d, 3(1-4) 3(1-4) 3(1-4) Common odds ratio 1.42 (1.01-1.99) 0.043
median (IQR)
Safety outcomes, n/N (%)
Mortality within 90 d 72/435 (16.6) 28/197 (14.2) 44/238 (18.5) 0Odds ratio 0.73(0.42-1.27) 0.27
Any ICH within 48 h? 112/433 (25.9) 57/196 (29.1) 55/237(23.2) 0Odds ratio 1.44(0.93-2.25) 0.1
Hemorrhagic infarct 56 (12.9) 30 (15.3) 26 (11.0)
Parenchymal hematoma type 1 17 (3.9) 8(4.1) 9(3.8)
Parenchymal hematoma type 2 13(3.0) 5(2.6) 8(3.4)
Intraventricular, subarachnoid, or subdural 12(2.8) 8(4.1) 4(1.7)
hemorrhage
2 or more of above situations 14 (3.3) 6(3.0) 8(3.3)
sICH 31/433(7.2) 14/196 (7.1)  17/237(7.2)  Relative risk 1.03 (0.50-2.09) 0.94
Fatal ICH 12/435 (2.8) 5/197 (2.5) 7/238 (2.9) Relative risk 0.79 (0.25-2.50) 0.69

Abbreviations: ICH = intracranial hemorrhage; sICH = symptomatic intracranial hemorrhage.
Models were adjusted for age, pretreatment systolic blood pressure, history of diabetes, baseline NIH Stroke Scale, baseline Alberta Stroke Program Early CT

Score, and site of occlusion.

2]CH was not assessed in 2 patients (1 in the tirofiban group and 1 in the placebo group).

1.03; 95% CI0.50-2.09, p = 0.94). Sensitivity analysis in the per-
protocol population showed that tirofiban was associated with a
higher rate of 90-day functional independence (57.6% vs 38.8%,
aOR 2.17, 95% CI 1.31-3.60, p = 0.003) and less severity
of disability (adjusted common OR 1.82, 95% CI 1.20-2.76,
p = 0.00S, eTable 2 and eFigure 2, links.lww.com/WNL/C698).

Mediation Analysis

The rate of first pass effect in the tirofiban group was nu-
merically higher than that of the placebo group (18.8% vs
13.9%, p = 0.17). There was no difference in the procedure
time, reperfusion at final angiogram, or postprocedural reoc-
clusion of the target artery between both arms, though these 3

variables were independently associated with functional in-
dependence at 90 days (Table 3). The number of throm-
bectomy passes was lower in the tirofiban group than in the
placebo group (1 [1-2] vs 1 [1-2], p = 0.004; B = —0.48; 95%
CI -0.75 to —0.20; p = 0.001) and was also an independent
predictor of functional independence (aOR 0.78; 95% CI
0.65-0.92; p = 0.004). Therefore, thrombectomy passes were
analyzed as a potential mediator of the effect of tirofiban on
functional independence.

Mediation analyses indicated a partial mediation effect of
thrombectomy pass in the ITT population (Figure 2). After
adjustment for thrombectomy pass, tirofiban still had a

Figure 1 Level of Disability Measured by mRS at 90 Days in the Intention-to-Treat Analysis

Tirofiban

(n=197) ] 15

Placebo

n=238)] 7

T T T T 1
0 20 40 60 80 100
Patients (%) mRS = modified Rankin scale.
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Table 3 Regression Analysis for Mediation Step A and Step B in the Intention-to-Treat Population

Pathway A Pathway B

Tirofiban Placebo Effect Value 0Odds ratio
Candidate mediator (n=197) (n =238) parameter  (95% Cl) p Value (95% Cl) p Value
First pass effect, n/N (%) 37/197 (18.8)  33/238(13.9) Oddsratio  1.52 (0.90 to 2.58) 0.12 1.10(0.62-1.94)  0.74
No. of passes, median (IQR) 1(1-2) 1(1-2) {3 coefficient  -0.48 (-0.75 to -0.20)  0.001 0.78 (0.65-0.92) 0.004
Procedure time, min, median (IQR) 82 (49-130) 85 (52-133) B coefficient -0.47 (-1.24t0 0.31)* 0.24 0.93 (0.88-0.98)*  0.006
Reperfusion at final angiogram, 175/197 (88.8) 207/238 (87.0) Odds ratio 1.15(0.64 to 2.09) 0.64 9.30 (3.44-25.15)  <0.001
n/N (%)
Reocclusion of target artery within  25/135(18.5) 33/171 (19.3) 0Odds ratio 0.96 (0.54 to 1.70)¢ 0.87 0.12 (0.06-0.24)¢  <0.001

48 h, n/N (%)°

Multivariable regression analysis adjusted for age, systolic blood pressure, history of diabetes, baseline NIH Stroke Scale, baseline Alberta Stroke Program

Early CT Score, and occlusion site.

Pathway A represents the regression coefficient of the association between treatment (tirofiban or placebo) and candidate mediating variables and B

between candidate variables and functional independence.
2 Procedure time per 15-minute extension.

b Reocclusion of target vessel that was reperfused at final angiogram. Data were not available for 76 patients (40 in the tirofiban group and 36 in the placebo

group).
€ Regression with missing data handled with multiple imputation.

substantial relationship with functional independence (step
¢’: aOR 1.54; 95% CI 1.00-2.35; p = 0.048). Treatment-
reduced passes of thrombectomy accounted for 20.0% (95%
CI 4.1%-76.0%) of the beneficial effect of tirofiban on func-
tional independence. This proportion was 10.9% (95% CI
0.6%-43.0%) in the per-protocol population (eTable 3 and
eFigure 3, links.lww.com/WNL/ C698).

Modifiers of Treatment Effect of Tirofiban

The absolute benefit of tirofiban vs placebo on functional
independence showed a directionally downward trend with
longer time to treatment, until 24 hours after onset, but the
interaction between treatment and onset-to-randomization

Figure 2 Explained Proportions in the Mediation Analyses of
the Effect of Tirofiban on Functional Independence
Mediated by the Number of Thrombectomy Passes
in the Intention-to-Treat Analysis

Thrombectomy
passes
Coefficient = -0.48 Coefficient = -0.25
p <0.001 a p =0.004
Treatment |Functional independence
(tirofiban vs placebo) i at 90 days
20.0%

¢
Coefficient = 0.43
p =0.048

C

Coefficient = 0.52
p=0.015

The coefficients of the regression equation of each step (steps a, b, ¢,
and c’) and the percentage of indirect effect mediated by thrombec-
tomy passes are described. Multivariable regressions adjusted for age,
pretreatment systolic blood pressure, history of diabetes, baseline NIH
Stroke Scale, Alberta Stroke Program Early CT Score, and location of
occlusion.

Neurology.org/N

time was not noted (p interaction = 0.49; Figure 3, A and B).
Longer time to treatment showed a crossover pattern of effect
on mortality, but the p for interaction was 0.41 (eFigure 4A,
links.Iww.com/WNL/C698). The difference of sICH be-
tween the 2 groups was not visually suggestive nor statistically
significant with time delay (p interaction = 0.38, eFigure 41).
Efficacy of tirofiban vs placebo was consistent irrespective of
age ranging from 30 to 90 years (p interaction = 0.90 for
functional independence) and safety (p interaction = 0.67 for
mortality; p interaction = 0.64 for sSICH). Similar results on
treatment-by-time interactions and treatment-by-age inter-
actions were observed in the per-protocol populations
(eFigure S).

The interaction between treatment and ASPECTS (range
6-10) on 90-day mRS 0-2 showed directional increase as
ASPECTS declined from 10 to 6, but was not significant
(p interaction = 0.14). There was also no obvious het-
erogeneity in the treatment effect of tirofiban by ASPECTS
for mortality (p interaction = 0.35), ICH (p interaction =
0.30) and SICH (p interaction = 0.97). After excluding
patients who violated the protocol, interactions between
ASPECTS and treatment for the efficacy and safety out-
comes were also not noted (eFigure S, links.lww.com/
WNL/C698).

An analysis stratified by site of occlusion in Figure 4 showed a
trend toward improved functional independence by tirofiban
in occlusion of the ICA (aOR 3.81; 95% CI 1.06-13.68) and
the M1 MCA (aOR 1.66; 95% CI 1.03-2.69) but no associ-
ation between treatment and functional outcomes for M2
MCA occlusion. The interactions between treatment and site
of occlusion were not statistically significant (p interaction =
0.11 between ICA and M2 MCA and p interaction = 0.28
between M1 and M2 MCA). Other outcomes according to
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Figure 3 Tirofiban Treatment Effect and Probability of Functional Independence
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The left panels show the treatment effect of tirofiban associated with onset-to-randomization time (A), age (C), and baseline ASPECTS (E). An odds ratio greater
than 1 indicates higher odds of functional independence with tirofiban than placebo. The right panels show the probability and 95% CI of functional
independence changes with onset-to-randomization (B), age (D), and ASPECTS (F). The blue lines and shading indicate the values in the tirofiban group while
the red lines and shading indicate the values in the placebo group. The analyses are based on all patients with atherosclerotic etiology in the RESCUE BT trial.

ASPECTS = Alberta Stroke Program Early CT Score.

the location of occlusion are listed in eTable 4 (links.lww.
com/WNL/C698). The treatment effect of tirofiban by oc-
clusion site in the per-protocol population was similar to that
in the ITT analysis (eFigure 6).

Tirofiban was associated with higher rates of functional in-
dependence compared with placebo only in patients who did
not receive balloon angioplasty or stenting (aOR 2.09; 95%
CI 1.09-4.03, eTable S and eFigure 7, links.lww.com/WNL/
C698). However, there was no significant interaction be-
tween treatment and intracranial angioplasty (p interaction
= 0.59 between none vs balloon angioplasty only, and
p interaction = 0.29 between none vs stenting) in the ITT
analyses.
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Classification of Evidence

This study provides Class II evidence that tirofiban plus EVT
improved 90-day outcome for patients with LVO stroke due
to intracranial atherosclerosis. This study is Class I because of
the post hoc analysis of a randomized trial.

Discussion

This post hoc analysis of the RESCUE BT randomized trial
explored the treatment effect of tirofiban for patients pre-
senting with intracranial atherosclerotic LVO stroke in the
24-hour time window. IV tirofiban before EVT significantly
improved the 90-day functional independence, though the
risk of any ICH was numerically increased. A lower number of
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Figure 4 Association Between Treatment With Functional Independence at 90 Days by Location of Occlusion
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Reported ORs are adjusted for age, pretreatment systolic blood pressure, history of diabetes, baseline NIH Stroke Scale, and Alberta Stroke Program Early CT
Score. The distribution of the mRS scores in the 2 treatment arms are also shown. ICA = internal carotid artery; MCA = middle cerebral artery; mRS = modified

Rankin scale; OR = odds ratio.

thrombectomy passes could be a mediator in the benefit of
tirofiban. We did not find significant heterogeneity of the
effects of tirofiban in exploratory subgroup analyses.

Intracranial bleeding is a feared complication for any antith-
rombotic drug during EVT. Although tirofiban resulted in a
numerically higher rate of any ICH, the rates of symptomatic or
fatal ICH were similar between the 2 treatment arms. In view of
the improved functional outcomes and numerically decreased
mortality in the tirofiban group, the tirofiban-related ICH may be
an acceptable risk in patients with ICAD-related LVO stroke.
Our results are in contrast to a prior study and 1 pooled analysis,
showing that tirofiban significantly increased the risk of fatal
hemorrhage after thrombectomy.lg’zo However, in the study of
Kellert et al., 70.0% of patients treated with EVT in the tirofiban
group also received IVT, whereas we excluded patients who had
received IVT or dual antiplatelet therapy from our trial. More-
over, the underlying stroke etiology and route of medication
administration may be important considerations when taking
into account tirofiban-related bleeding risk. Prior reports in-
dicated that tirofiban was safer in patients with LVO stroke
related to ICAD than in those with cardioembolism.” Intra-
arterial (vs IV) administration was associated with higher hem-
orrhagic and death rates,® thus supporting our results.

Neurology.org/N

The increased thrombectomy passes was an independent
predictor of unfavorable outcomes, as described by our
study and others,”" possibly due to delayed recanalization
and damage of vascular intima. Of importance, the number
of thrombectomy passes was significantly reduced by tir-
ofiban in our study. This finding could be explained from
the following 2 aspects. In contrast to the utilization of
tirofiban as rescue after thrombectomy in previous
studies,**** tirofiban was initiated after occlusion confir-
mation on noninvasive imaging and randomization in our
study. In this scenario, tirofiban may help to prevent platelet
aggregation, thrombus extension, and even promote
thrombolysis® before thrombectomy, thus facilitating
thrombus debulking. This explanation could be reflected in
the numerically higher rate of first pass effect in the tirofiban
group. Second, it is not uncommon for mural thrombus
and/or reocclusion to form after initial thrombus removal
by thrombectomy for in situ atherosclerotic occlusion.
Tirofiban could inhibit fibrinogen-dependent platelet ag-
gregation and prevent mural thrombus and/or reocclu-
sion,” which may be helpful for the neurointerventionalist
to distinguish atherosclerotic stenosis and directly resort to
balloon dilatation or stent implantation, so as to avert ad-
ditional thrombectomy passes.
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The lack of an association between tirofiban and reperfusion
at final angiogram is consistent with prior studies."”*® We also
did not find that tirofiban could reduce postprocedural
reocclusion of reperfused vessels. However, because not all
patients were assessed for the presence of reocclusion within
48 hours, this may have biased our results. Some reports have
indicated that there was a lower risk of reocclusion after tir-
ofiban infusion in patients with residual stenosis after
EVT.*”*® We speculate that the lack of relationship might also
be due to aggressive rescue therapy to reduce residual stenosis
in most participating centers, with the proportion of angio-
plasty or permanent stenting in up to 55.5% of patients. The
association between tirofiban and reocclusion still needs to be
investigated.

Whether the benefits of tirofiban apply to diverse patient
subgroups is critical for individualized treatment in clinical
practice. We found the benefit of tirofiban was uniform across
patients with a wide age range (30-90 years), onset-to-
randomization time (0-24 hours), and extent of ischemic
injury (ASPECTS 6-10). These results were encouraging and
hint at a great potential of tirofiban as an adjuvant agent to
EVT in patients with ICAD-related LVO stroke.””>" We
found tirofiban plus EVT was superior to placebo plus EVT
for functional independence in ICA and M1 MCA occlusion,
but not in M2 MCA occlusion. The treatment modification
was likely underpowered because the false-negative risk pre-
vails in subgroup analyses, particularly when multiple sub-
groups with unequal sample sizes exist.””> Of interest, the
beneficial effect of tirofiban on 3-month functional outcome
was attenuated and disappeared in patients who underwent
balloon angioplasty only and stenting, respectively. The
similar rates of favorable outcome between 2 treatments in the
stenting subgroup suggests a ceiling effect of tirofiban in fa-
cilitating additional benefit in these patients. It is possible that
tirofiban failed to benefit from reducing number of throm-
bectomy passes, probably because that once there is a com-
mitment to stent, additional passes are often not performed
because of reperfusion achieved or risk of additional in-
strumentation with a deployed stent. Because these subgroups
were of small sample size, we interpret our findings with
caution.

In this study, we performed the ITT analysis and per-protocol
analysis. The ITT analysis included all patients randomized at
study entry into the RESCUE BT trial. The ITT analysis
attenuates selection bias and includes and reflects potential
noncompliance and violations of adherence to the protocol
in clinical practice.”> For example, the tirofiban was termi-
nated early if the patient suffered from procedure-related
ICH, which was a violation of therapeutic plans but can
happen in daily practice. The per-protocol analysis consid-
ered the actual effect of tirofiban in patients who completed
the trial without significant deviations from the protocol, but
exclusion of patients may reduce the balance of risk factors.
The 2 complementary strategies strengthen the credibility of
the conclusions.
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The main limitation of our study was that this was an ex-
ploratory analysis in an ICAD subgroup of the RESCUE BT
trial and may have been underpowered. Patients were not
randomized by stroke subtype (i.e., cardioembolic vs ICAD)
because the precise etiology of the patient’s LVO stroke can
be difficult to decipher based on noninvasive imaging before
EVT. Still, our results are to be considered hypothesis gen-
erating, and our study provides additional information in
selecting patients with probable ICAD-related LVO stroke
who may benefit from tirofiban as adjunctive therapy to
EVT in future randomized trials. Moreover, tirofiban is
often used in current practice when ICAD is considered at
the LVO stroke etiology, especially after angioplasty or
stenting, reocclusion tendency, or failure of thrombec-
tomy. Our results lend support for the safety of tirofiban in
these situations, given the safe profile of tirofiban appli-
cation before EVT, though the effect size of its benefit is
unclear.

In addition, the dosage of tirofiban in this study was admin-
istered as in studies of myocardial infarction,**** which may
have resulted in a numerically higher risk of any ICH. Further
dose exploration studies are needed to determine the optimal
dosage in patient with ischemic stroke because of the dose-
dependent effect of tirofiban on bleeding complications.36
Only candidate mediators measured during the trial were
evaluated. The 20.0% effect of tirofiban on functional in-
dependence could be attributed to reduced thrombectomy
passes, suggesting there may be additional mechanisms to
support its benefits. Furthermore, this study represents a
Chinese population with particularly high rates of ICAD,
which is possibly due to genetic factors, diet, and vascular risk
factor proﬁle.1 The generalizability of our finding is uncertain
across other ethnic populations.

The secondary analysis of the RESCUE BT trial provided
support for the efficacy and safety of tirofiban plus EVT in
large vessel occlusion due to intracranial atherosclerosis. In
addition, we identified a reduced number of thrombectomy
passes as a potential mediator of the beneficial effect of tir-
ofiban. These findings need to be confirmed in further ran-
domized trials.
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