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Objective: To evaluate the efficacy and safety of tirofiban for patients with acute ischemic stroke (AIS), especially posterior circulation stroke (PCS).

Methods: We enrolled consecutive patients with AIS who suffered large artery occlusion (LAO) and underwent mechanical thrombectomy (MT) between January 2016 and May 2020. Patients were divided into two groups according to whether tirofiban was used during MT. The primary efficacy outcome was a favorable functional outcome, defined as a modified Rankin Scale (mRS) score of 0–2 at 3 months. The safety outcomes were the rate of mortality at 3 months and the presence of intracranial hemorrhage (ICH) and symptomatic intracranial hemorrhage (sICH). Cohorts were balanced using 1:1 propensity score matching (PSM). Subgroup analysis was further performed to compare the efficacy and safety of tirofiban between the anterior circulation stroke (ACS) and PCS groups.

Results: A total of 292 patients were eligible for this study and divided into the tirofiban group (n = 51) and the no-tirofiban group (n = 241). In the propensity-score-matched cohort, the tirofiban group had a higher rate of favorable outcomes than the no-tirofiban group (49.0 vs. 25.5%, p = 0.014), and the mortality at 3 months showed a greater downward trend in the tirofiban group than the no-tirofiban group (15.6 vs. 33.3% p = 0.064). The risk of sICH and ICH was the same between the tirofiban and control groups (17.6 vs. 27.4% p = 0.236, 31.3 vs. 45.1% p = 0.154, respectively). Tirofiban use was predictive of favorable outcomes [adjusted odds ratio (aOR) = 2.87, 95% confidence interval (CI) 1.52–6.44, p = 0.043] after multiple logistic regression analysis. Subgroup analysis revealed that tirofiban use was significantly associated with favorable outcomes in ACS (aOR = 3.66, 95% CI 1.24–5.22, p = 0.019) but not in PCS (aOR = 1.12, 95% CI 0.47–7.52, p = 0.570).

Conclusion: We demonstrated that tirofiban may be associated with improving favorable outcome for the AIS patients who underwent MT, without increasing ICH or sICH. Furthermore, our results indicated that for PCS patients tirofiban may not be associated with favorable outcome, and more comprehensive randomized controlled trials are needed to confirm this finding.
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INTRODUCTION

A number of randomized clinical trials have shown the benefit of mechanical thrombectomy (MT) in the treatment of acute ischemic stroke (AIS) that is due to large-vessel occlusion (LVO) (1, 2). However, this endovascular recanalization approach may lead to endothelial injury, plaque rupture, and subsequent platelet activation, leading to early re-occlusion and poor prognosis. Tirofiban is a non-peptide selective glycoprotein (GP) IIb/IIIa receptor inhibitor that reversibly inhibits fibrinogen-dependent platelet aggregation and subsequent formation of thrombi, which contribute to the major atherosclerotic complications in the progression of AIS (3).

Clinical trials in patients with AIS initially demonstrated the safety and efficacy of tirofiban as an adjunct to MT for AIS patients. However, the results of these trials have been controversial; some studies have shown that tirofiban does not improve prognosis and may even increase intracranial hemorrhage (ICH) and mortality. Therefore, more data are needed to confirm further the benefits and risks of tirofiban. A series of follow-up studies have reported a number of clinically valuable findings about the tirofiban regimen following MT, including the specific dose (4), injection method (5), and patient selection according to etiology (6). However, the specific indications and patient selection are still under debate. Considering the different clinical characteristics of posterior circulation stroke (PCS) and anterior circulation stroke (ACS) (7), as well as the different postoperative prognoses of patients with MT between the two groups (8), there is a hypothesis that tirofiban may have inconsistent risks and benefits in PCS and ACS. At present, there are some studies about the benefit of MT in PCS patients and the administration of tirofiban following MT (9, 10), but there are few studies exploring tirofiban in patients with PCS.

The main aim of this study was to test the safety and efficacy of tirofiban following MT in AIS patients. Propensity score matching (PSM) was used to match tirofiban- and no-tirofiban-treated patients for potential confounders. Regression analysis after PSM was performed to identify independent associations with the outcomes. The secondary aims were to compare the risks and benefits of tirofiban following MT between PCS and ACS.



METHODS


Patient Selection

In this retrospective study, a total of 292 patients who underwent MT secondary to large artery occlusion (LAO) between January 2015 and May 2019 were enrolled. The inclusion criteria were as follows: (1) patients with AIS secondary to LAO confirmed by computed tomographic angiography (CTA), (2) patients with neurological deficits with a National Institutes of Health Stroke Scale (NIHSS) score of 6 or higher at presentation, (3) patients who were 18 years of age or older, and (4) patients who underwent MT.

The exclusion criteria were as follows: (1) cerebral hemorrhage confirmed by computed tomography; (2) platelet count <100 × 109/L, blood glucose concentration <2.8 or >22.0 mmol/L, and severe hepatic or renal dysfunction; and (3) incomplete data or loss to follow-up. This study was approved by the Ethics Committee of Zhejiang University School of Medicine Second Affiliated Hospital.



Procedures

All enrolled patients were treated according to current guidelines for AIS and underwent MT employed second-generation stent-retriever devices (Solitaire AB/FR, Covidien/ev3, Irvine, CA; Trevo Proview, Stryker, CA). Alternative rescue therapies, including balloon angioplasty and rescuing stent, were determined by the operators during the procedure based on the characteristics of the lesion and access. Following thrombectomy, all patients underwent postprocedural computed tomography (CT) within 12–24 h, and the presence of hemorrhage on CT was determined and scored by a blinded neuroradiologist.

Tirofiban was considered for application in the following situations: (1) rescue treatment with emergency stenting and balloon angioplasty for residual artery stenosis or failed thrombectomy, (2) successful mechanical recanalization with ≥3 passes with stent retriever, (3) severe in situ atherosclerosis with high risk of early re-occlusion, and (4) other recanalization refractory conditions and presumed endothelial damage. Tirofiban was continuously given at a rate of 8 μg/kg·h after an intravenous bolus of 10 μg/kg if there was no evidence of ICH on immediate head CT after MT. Twenty-four hours later, dual antiplatelet therapy was given after ICH was ruled out by another head CT.



Baseline Assessment and Outcome Measures

Data were extracted through a retrospective review of patient charts, procedure notes, image data, and follow-up notes. Baseline characteristics were collected, including age, sex, presenting NIHSS score, Alberta Stroke Program Early Computed Tomography Score (ASPECTS) or posterior circulation ASPECTS (pc-ASPECTS), comorbidities (diabetes, hypertension, atrial fibrillation, hyperlipidemia, and a history of prior stroke), antiplatelet drug and anticoagulation drug use, and coagulation function indicators. Procedural variables included time from symptom onset to groin puncture, time from symptom onset to reperfusion, tissue plasminogen activator (t-PA) use, retrieval times ≥3, rescue therapy including balloon angioplasty and rescuing stent, and Thrombolysis in Cerebral Infarction (TICI) grading. A TICI grade better than 2b was defined as successful recanalization. The arterial occlusion site was recorded as ACS and PCS. The stroke etiology was classified according to the Trial of ORG 10172 in Acute Stroke Treatment (TOAST) criteria: large artery atherosclerosis (LAA), cardioembolism (CE), and stroke of other determined or undetermined causes.

The primary outcome measure was functional outcome, which was measured by the modified Rankin Scale (mRS) at 3 months. A favorable outcome was defined as an mRS score of 0–2. The scores were collected by a stroke neurologist during routine follow-up visits at 90 days (±14) after stroke for the majority of patients. Telephone discussions with patients or their families were used to obtain information. ICH was considered present when head CT revealed a region consistent with newly developed blood extravasation. Correspondingly, symptomatic intracranial hemorrhage (sICH) was defined as any hemorrhage with neurological deterioration, indicated by an NIHSS score of ≥4 points above the baseline value, or as any hemorrhage leading to mortality. Two investigators, who were blinded to all clinical information, independently reviewed the CT and magnetic resonance imaging (MRI) images to determine the presence of ICH or sICH.



Statistical Analysis

Statistical analyses were performed using SPSS V.25 for the majority of the data. Patient variables were analyzed using descriptive statistics and univariate comparisons. Comparisons were performed using the t-test for continuous measures, for non-continuous variables, and χ2 test for categorical measures. All tests were two sided, and an α < 0.05 was considered significant.

PSM was performed with R 4.0.3 (R Foundation for Statistical Computing, Vienna, Austria) to ensure an even distribution of possible confounders between the two groups. A 1:1 matched analysis using nearest-neighbor matching with a caliper distance of 0.1 without replacement was performed based on the estimated propensity score of each patient. After matching patient characteristics, these were analyzed again to confirm successful matching. Multivariate logistic regression analysis was used to assess the odds ratio (OR) and corresponding 95% confidence interval (CI) to explore whether tirofiban can independently affect favorable clinical outcomes (mRS scores 0–2) and safety outcomes, including ICH, sICH, and mortality at 3 months.




RESULTS


Patient Characteristics

A total of 292 patients were eligible for this study. The baseline characteristics and outcomes of the patients are presented in Table 1 and were compared between the tirofiban group (n = 51) and the no-tirofiban group (n = 241). There was no significant between-group difference with respect to age, sex, or NIHSS score at presentation (p > 0.05). Coagulation function was assessed by preoperative and postoperative coagulation indicators, including prothrombin time (PT), activated partial thromboplastin time (APTT), and platelet count, which were similar between the two groups. PCS was more common in the tirofiban group (25.5 vs. 12.9%, p = 0.038). LAA was the cause of stroke in 74.5% of tirofiban patients, compared with 50.6% in the no-tirofiban group (p < 0.001). In contrast, CE was lower in the tirofiban group (29.4 vs. 58.9%, p < 0.01). Other medical histories and comorbidities showed no between-group differences.


Table 1. Patient characteristics and outcomes before and after PSM.
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The analysis of procedural variables showed that ~88.1% of patients received t-PA, without a significant difference between the two groups. The mean times from symptom onset to recanalization were comparable (414.2 ± 394.3 vs. 314.6 ± 172.2, p > 0.05), but the time from symptom onset to reperfusion in the tirofiban group was longer (515.78 ± 394.34 vs. 393.97 ± 182.95, p = 0.035). Furthermore, the patients with tirofiban were more often to accept the rescue therapies including balloon angioplasty (13.7 vs. 7.5%, p = 0.062) and permanent stenting (11.8 vs. 4.5%, p = 0.046) and undergo MT with retrieval times ≥3 (9.8 vs. 3.7%, p = 0.018). The overall rate of recanalization was 90.8%, and it was not significantly different between the two groups.



Safety and Efficacy Outcomes

The efficacy and safety outcome measures were not significantly different. The rates of favorable outcomes (mRS 0–2) were 49.0 and 36.1%, respectively, in the tirofiban and no-tirofiban groups, but p > 0.05. The overall mortality at 3 months was 18.50% across both groups and was slightly, but not significantly, lower in the tirofiban group than in the no-tirofiban group (15.6 vs. 19.1%, p > 0.05). Procedure-related complications in the tirofiban group, including ICH (31.4 vs. 41.1%, p = 0.197) and sICH (17.65 vs. 21.58%, p = 0.531), did not occur more frequently than in the no-tirofiban group.

Variables in the PSM were selected based on previous univariate analysis, including age, NIHSS score, time from symptom onset to reperfusion, involved vessel site TOAST classification, and ASPECTS. Finally, 51 cases were successfully matched, and the standard deviation indicated that the matching effect was satisfactory. After PSM, the characteristics of the two groups were relatively the same after matching (Table 1). After PSM, tirofiban significantly improved the rates of favorable outcomes in the tirofiban and no-tirofiban groups (49.0 vs. 25.5%, p = 0.014) (Figure 1). No difference was found in mortality and the rates of ICH and sICH (p > 0.05).


[image: Figure 1]
FIGURE 1. Distribution of mRS at 3 months categories before PSM (A) and after PSM (B). The lines indicate differences in favorable outcome (mRS 0–2) between groups. *p < 0.05. mRS, modified Rankin Scale; PSM, propensity score matching.


Stepwise regression was performed to identify the factors associated with the safety and efficacy outcomes (Supplementary Table 1). In the overall patients, tirofiban tended to improve the rates of favorable outcomes independently [adjusted odds ratio (aOR) = 1.45, 95% CI 1.67–3.43, p = 0.024]. Furthermore, tirofiban did not show any association with the incidences of ICH, sICH, or mortality (p = 0.605, 0.353, and 0.362, respectively).

The results remained stable after PSM for potential confounders. The use of tirofiban showed an independent association with better outcomes (aOR = 2.87, 95% CI 1.52–6.44, p = 0.043). Tirofiban was not associated with a risk of ICH (aOR = 0.67, 95% CI 0.37–2.13, p = 0.451), sICH (aOR = 0.55, 95% CI 0.67–1.23, p = 0.263), or mortality at 3 months (aOR = 0.45, 95% CI 0.57–1.43, p = 0.728). And the multivariate regression models were adjusted, respectively, for the favorable outcome and safety outcome (Table 2).


Table 2. Multivariate regression analysis of effects of tirofiban on safety and efficacy outcomes.
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Effects on ACS and PCS

Based on the above regression analysis results, we performed a subgroup analysis according to location to explore further the association between tirofiban and favorable outcomes. First, the main characteristics and clinical outcomes of patients with ACS and PCS were compared with univariate analysis, and there were many differences between the two groups (Table 3). Patients with PCS had higher NIHSS scores on admission than those with ACS (21.9 ± 13.1 vs. 14.4 ± 5.9, p = 0.001), a longer time from symptom onset to groin puncture (494.0 ± 448.6 vs. 303.2 ± 146.5, p = 0.008), and a longer time from symptom onset to reperfusion (587.0 ± 450.7 vs. 384.7 ± 158.0, p = 0.005). A total of 63.6% of patients with PCS had LAA stroke, compared with 52.4% of patients with ACS (p = 0.005). Relatedly, tirofiban administration was more common in PCS patients (29.5 vs. 15.3%, p = 0.001). In terms of comparison with the outcomes of the two groups, patients in the PCS group had significantly worse favorable clinical outcomes (20.4 vs. 41.5%, p = 0.008). There were no significant differences in ICH, sICH, or risk of death between the two groups.


Table 3. Patient characteristics and outcomes on patients with ACS and PCS.
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A multivariate analysis was performed to adjust the confounders and to identify the use of tirofiban as the independent predictor of favorable outcomes in the overall group (aOR = 1.45, 95% CI 1.67–3.43, p = 0.024). In the ACS patients, tirofiban was associated with favorable outcomes (aOR = 3.66, 95% CI 1.24–5.22, p = 0.019); however, such an association was not observed in PCS patients (aOR = 1.12, 95% CI 0.47–7.52, p = 0.570). Detailed information on the regression coefficients and p-values is presented in Supplementary Table 2. The comparison between subgroups is more intuitively reflected in Figure 2.
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FIGURE 2. Forest plot of adjusted OR for the association between tirofiban administration and favorable outcomes (mRS 0–2) in patients with posterior circulation stroke (PCS) and anterior circulation stroke (ACS). Adjusted for age, ASPECTS/pc-ASPECTS, tirofiban, baseline NIHSS, glucose, TOAST classification, and location (posterior or anterior circulation). aOR, adjusted odds ratio; mRS, modified Rankin Scale; ASPECTS, Alberta Stroke Program Early Computed Tomography Score; pc-ASPECTS, posterior circulation ASPECTS; NIHSS, National Institutes of Health Stroke Scale; TOAST, Trial of ORG 10172 in Acute Stroke Treatment. *p < 0.05.





DISCUSSION

In this study, we evaluated the safety and efficacy of tirofiban as an adjuvant therapy for MT in AIS patients. The main findings of our study are as follows: (1) more patients in the tirofiban group had favorable clinical outcomes after PSM matching, and ICH and mortality did not differ between the two groups; (2) multivariate regression analysis demonstrated that tirofiban was positively associated with favorable clinical outcomes but not with ICH, mortality, or other safety indicators; and (3) tirofiban was associated with increasing favorable clinical outcomes in patients with ACS but not in patients with PCS.

The purpose of therapy for AIS patients is to achieve rapid cerebral vascular recanalization to restore cerebral blood flow (10), and MT has become the first-line treatment for LVO (11). However, many patients who achieve rapid vascular recanalization by MT are still at high risk of acute reocclusion, especially LAA patients (12, 13). The potential cause may be in situ atherosclerotic occlusion, local platelet aggregation, and broken plaques (14). LAA strokes are the most common stroke type in China, so it is urgent to find ways to prevent reocclusion (15).

Tirofiban is a relatively short-acting and reversible GP IIb/IIIa receptor inhibitor that inhibits fibrinogen binding to platelets, effectively preventing platelet aggregation and secondary thrombosis (16). There have been a number of clinical trials demonstrating the safety and efficacy of tirofiban administration in AIS patients undergoing MT, but with controversial results. Most studies have demonstrated that tirofiban has great clinical application prospects in MT, and tirofiban has proved to be an independent predictor of favorable outcomes (17–19). A multicenter retrospective cohort confirmed that the safety of tirofiban was not associated with ICH or mortality (20). In contrast, other studies have shown that tirofiban does not improve clinical outcomes (21) and may be associated with an increased risk of fatal ICH (22, 23). The reasons for the controversial results are complex, including the heterogeneity of experiments, relatively small sample sizes, patient selection bias, and different tirofiban application regimens (5, 24). In our study, tirofiban was continuously given at a rate of 8 μg/kg·h after an intravenous bolus of 10 μg/kg if there was no evidence of ICH. The dose of tirofiban was not consistent in previous studies, but it did not vary extensively. And the total amount of tirofiban infusion was low and only varied from 0.5 to 2.0 mg in most centers (3). Nevertheless, the specific dose may affect the results especially for the risk of ICH, and further research about the dose is needed.

In this study, the use of tirofiban did not lead to significantly more benefits before PSM. We found the patients in the tirofiban group were more often with rescuer therapies, repeated attempts of thrombectomy, and longer time from symptom onset to reperfusion, which were associated with difficulty of vascular recanalization. Additionally, in our study tirofiban was more selectively adopted for patients with LAA stroke rather than CE stroke (74.5 vs. 13.7%, p = 0.01). This patient selection bias may explain the lower rate of recanalization in the tirofiban group (86.3 vs. 91.7%, p = 0.342). After the correction of these confounding factors by PSM, the rate of recanalization has become similar in the matched cohort, and the use of tirofiban significantly improved the rate of favorable outcomes in AIS patients.

A number of studies have noted the differences between ACS and PCS in clinical characteristics, treatment, and prognosis (25). PCS accounts for 5–19% of AIS patients (26, 27). A large clinical trial including 90,484 patients treated with t-PA demonstrated that PCS was associated with worse outcomes (28). Some studies have suggested that MT for PCS is a safe and feasible treatment option (29). MT is widely used in PCS clinically, and our study results showed that more PCS patients than ACS patients were treated with tirofiban (29.5 vs. 15.3%). However, few studies have focused on whether tirofiban administration in MT has consistent safety and efficacy between ACS and PCS. Subgroup analysis was performed, and we found that PCS patients had an obviously worse prognosis than ACS patients (20.4 vs. 41.5%, respectively), and they also had a higher NIHSS score at admission and a longer time from symptom onset to reperfusion. Further analysis by logistic regression illustrated that tirofiban was associated with increasing favorable clinical outcomes in patients with ACS but not in patients with PCS. However, Alawieh et al. thought that patients with PCS benefit equally from tirofiban administration compared with ACS (30). Given the limited sample size, our results only indicated that the effect of tirofiban may be modified by the occlusion sites and the PCS patients seemed to benefit less. Whether tirofiban treatment can affect efficacy outcomes of PCS patients treated with MT requires future research.

There are also the limitations in this study. First, this experiment included only patients in the past 5 years from a single center, which reduced the changes and differences in perioperative patient care procedures but also resulted in a small sample size. Additionally, this is a retrospective study with inevitable patient selection bias. Even though we used advanced statistical methods, including PSM and multivariate adjustment, we cannot correct residual or unmeasured confounding. Furthermore, the balloon angioplasty and stenting are more commonly used in tirofiban groups, which may exaggerate the effect of tirofiban. Considering these limitations, these results should be analyzed with more caution, and larger multicenter data will be required to study this effect further.



CONCLUSION

We demonstrated that tirofiban may be associated with improving favorable outcome for the AIS patients who underwent MT, without increasing ICH or sICH. Furthermore, our results indicated that for PCS patients tirofiban may not be associated with favorable outcome, and more comprehensive randomized controlled trials are needed to confirm this finding.
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