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Background: The clinical efficacy and safety of tirofiban in the treatment of large hemispheric infarction (LHI) remain controversial.

Methods: This study prospectively enrolled patients with acute LHI who were admitted to Putuo Hospital affiliated with Shanghai University of Traditional Chinese Medicine from June 2021 to December 2021. The patients were randomly assigned to the tirofiban group [3–4 μg/(kg·h)] or control group (clopidogrel 75 mg/d).

Results: A total of 71 patients with acute LHI were selected: 36 in the tirofiban group and 35 in the control group. The reduction of the NIHSS score in the tirofiban group was 2.92 ± 9.31 at discharge, and that of the control group was −3.23 ± 12.06 (p = 0.021, OR, 0.006; 95% CI, 0.004–0.008). Six patients (16.7%) in tirofiban group and 14 patients (40%) in control group died during hospitalization (p = 0.029, OR, 0.300; 95% CI, 0.099–0.908). There was significant difference in Modified Rankin Scale (mRS) 5–6 scores at 90 days between the two groups (p = 0.023, OR, 0.327; 95% CI, 0.124–0.867). However, there was no significant difference in mRS 0–1 (p = 0.321, OR, 0.972; 95% CI, 0.920–1.027), mRS 2 (p = 0.572, OR, 2.00; 95% CI, 0.173–23.109), mRS 3 (p = 0.225, OR, 2.214; 95% CI, 0.601–8.161), or mRS 4(p = 0.284, OR, 1.859; 95% CI, 0.593–5.825) scores between the two groups. There was no difference in symptomatic intracranial hemorrhage (p = 0.29, OR, 0.305; 95% CI, 0.030–3.081), asymptomatic intracranial hemorrhage (p = 0.123, OR, 0.284; 95% CI, 0.053–1.518). There was a significant difference in systemic bleeding events during hospitalization (p = 0.044, OR, 0.309; 95% CI, 0.096–1.000).

Conclusions: Low-dose and long-course tirofiban treatment may significantly improve the early neurological function and reduce the in-hospital mortality in LHI patients. Meanwhile, tirofiban does not increase the risk of any type of bleeding events.
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Introduction

Stroke is one of the main causes of death and disability worldwide. The lifelong risk and disease burden of stroke are as high as 39.3% in China, which ranks first globally (1). Ischemic stroke is the main type of stroke, accounting for 81.9% of all strokes (2). Large hemispheric infarction (LHI) refers to an infarction of more than 2/3 of the blood supply area of the middle cerebral artery, with or without the infarction of the anterior cerebral artery/posterior cerebral artery, and the incidence rate is ~10–20/100,000 per year (3). LHI is characterized by severe symptoms, rapid progression, a high risk of bleeding, and high mortality.

Antiplatelet drugs play an extremely key role in the prevention and treatment of acute ischemic stroke. Tirofiban is a non-peptide intravenous antiplatelet drug that can reversibly antagonize the platelet GP II B/III A receptor and inhibit the binding of fibrinogen to the platelet GP II B/III A receptor, and can improve the cerebral circulation. Tirofiban is mainly used in the antithrombotic treatment of patients with acute non-ST-segment elevation coronary syndrome. In recent years, tirofiban has been recommended by some studies and guidelines as an important short-term antithrombotic therapy for progressive stroke with arteriolar occlusion and perioperative patients undergoing endovascular intervention (4–7). However, the clinical efficacy and safety of tirofiban in the treatment of LHI have not been reported. The purpose of this study was to explore the efficacy and safety of low-dose and long-course tirofiban in the treatment of acute LHI to provide a clinical reference.



Methods


Trial design and patients

This study is a prospective cohort study. Patients with acute LHI who were admitted to Putuo Hospital affiliated with the Shanghai University of Traditional Chinese Medicine from June 2021 to December 2021 were randomly divided into two groups: tirofiban group or control group (Figure 1). The study was approved by the Ethics Committee of Putuo Hospital Affiliated with Shanghai University of Traditional Chinese Medicine and was in accordance with the Declaration of Helsinki. Informed consent was obtained from all participants or their legal guardians.
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FIGURE 1
 Flow chart of the study.


The inclusion criteria were as follows: (1) patients who met the diagnostic criteria of LHI in the 2017 Chinese Expert Consensus on Monitoring and Treatment of Large Cerebral Infarction in the cerebral Hemisphere (8); (2) patients older than 18; and (3) patients or their legal guardians signed informed consent. The exclusion criteria were as follows: patients who (1) had intracranial hemorrhage, intracranial tumors, intracranial aneurysms, arteriovenous malformations, and infections; (2) had coagulation disorders or bleeding tendency; (3) had a history of myocardial infarction and craniocerebral trauma within the last 3 months, gastrointestinal and urinary tract bleeding within 3 weeks, major surgery within 2 weeks, and a fracture within 1 week; (4) had a blood pressure >190/110 mmHg (1 mmHg = 0.133 kPa), a platelet count (PLT) < 100 × 109/L, a fasting blood glucose <2.7 mmol/L; (5) had severe cardiac, hepatic, and renal dysfunction; (6) were pregnant or lactating; (7) had a history of drug allergy; and (8) did not sign the informed consent.

After enrollment, the following data were collected: age, sex, stroke subtypes (such as the TOAST and OCSP classification), medical history (hypertension, diabetes, coronary heart disease, atrial fibrillation, hyperlipidemia, tobacco, and alcohol history), and the admission baseline data (systolic blood pressure, diastolic blood pressure, NIHSS score, and Modified Rankin Scale (mRS) score).

The CT scans were performed 24 h and 7 days after treatment to assess the hemorrhage conversion. In addition, neurological examinations and routine blood, fecal, and urine test were performed every day during the patient's hospitalization to determine the safety of the therapy. The investigators followed up with the subjects by telephone 90 days after discharge from the hospital to assess their neurological function and living ability using mRS scores.



Treatment

Patients in the tirofiban group received 3–4 μg/(kg·h) tirofiban through intravenous injection; those in the control group were given 75 mg/d clopidogrel through nasal feeding. The patients in both groups continued receiving assigned medications until discharge. In addition, the patients in both groups received the same basic treatment [atorvastatin for plaque stabilization and lipid regulation, mannitol dehydration for intracranial pressure reduction, and edaravone for brain tissue protection]. After discharge, the patients continued to take oral antiplatelet medication, rehabilitation, and nursing treatment according to local standards. The follow-up and data collection were continued for 3 months.

The main experimental drugs used in this study were as follows: (1) Tirofiban (trade name: Xinweining; Wuhan Grand Pharmaceutical Group Co., LTD. (China); National Drug approval H20041165); (2) Clopidogrel (trade name: Taijia; Shenzhen Salubris Pharmaceuticals Co., Ltd.; National drug approval word H20000542).



Outcomes

The primary efficacy outcome measure was if there was an early improvement in the patient's neurological function, which was mainly based on the improvement in the patient's NIHSS score at discharge. The secondary efficacy outcome measures included mortality during hospitalization and the long-term neurological outcome which was evaluated by the mRS scores at 90 days. According to the severity of stroke, the patients were divided into (1) mild stroke (mRS scored 0–1); (2) moderate stroke (mRS scored 2–3); (3) severe stroke (mRS scored 4–5); and (4) fatal stroke (mRS scored 6).

The primary safety outcome was the development of any intracranial hemorrhage events during hospitalization [as defined by the ECASS (9) criteria: HI1, hemorrhagic infarction type 1; HI2, hemorrhagic infarction type 2; PH1, parenchymal hemorrhage type 1; PH2, parenchymal hemorrhage type 2], as shown in Figure 2. Symptomatic intracranial hemorrhage was defined as blood at any site in the brain on the CT scan (as assessed by the CT reading panel, independently of the assessment by the investigator), documentation by the investigator of clinical deterioration, or adverse events indicating clinical worsening (e.g., drowsiness and increase of hemiparesis) or causing a decrease in the NIHSS score of 4 or more points. Asymptomatic intracranial hemorrhage (ASICH) was defined as little hemorrhage at any site of the brain on the CT scan (as assessed by the CT reading panel, independently of the assessment by the investigator), which did not conform to any criteria of the above SICH definition.


[image: Figure 2]
FIGURE 2
 Imaging classification of the hemorrhagic transformation. (A) HI 1: Small petechiae along the margins of the infarct. (B) HI 2: More confluent petechiae within the infarcted area, but without space-occupying effect. (C) PH 1: Blood clot not exceeding 30% of the infarcted area with some mild space-occupying effect. (D) PH 2: Dense blood clot(s) exceeding 30% of the infarct volume with significant space-occupying effect.


The secondary safety outcomes also included any non-intracranial bleeding, deaths, and other serious adverse events during the trial.



Statistical analysis

In this study, the IBM SPSS Statistics 25.0 software was used for statistical analysis, and Microsoft Office Excel was used to collect data. The efficacy and safety of the medications used in the two groups were analyzed. Categorical variables were expressed as numbers (percentages), while continuous variables were expressed as mean ± standard deviation (SD). When a baseline factor was a continuous variable with a normal distribution, the independent sample T-test was used. If the data did not conform to a normal distribution, a non-parametric test (Mann–Whitney U rank-sum test) was used. When any of the baseline factors were classified variables, the chi-square (χ2) test and Fisher's exact test were used. During hospitalization, the all-cause deaths that occurred in the patients were counted and estimated by Kaplan–Meier plots. All tests were two-sided, and the significance level of the p-values was set at 0.05.




Results


Patient characteristics

Overall, from June 2021 to December 2021, we enrolled a total of 36 patients who received low-dose and long-course [median (quartile range), 8.5 (5–10); mean ± SD, 8.33 ± 4.58 days) treatment with tirofiban and 35 patients who received clopidogrel. After enrollment, the baseline information and experimental data of the patients were recorded, and all of the patients were followed up for 90 days. The ages of tirofiban group and control group were 72.57 ± 12.39 and 73.89 ± 9.82, respectively (p = 0.665). There were 29 men (80.6%) in tirofiban group and 18 men (51.4%) in control group (p = 0.009). The baseline data of the diseases and habits and the clinical data at admission were comparable between the two groups, except for the history of coronary heart disease (p = 0.013) and the history of smoking (p = 0.003). The etiological classifications of TOAST in the two groups were comparable too, there were 30 (83.3%) patients with LAA and 6 (16.7%) patients with CE in the tirofiban group compared with 29 (82.9%) patients with LAA and 6 (17.1%) patients with CE patients in the control group (LAA, p = 0.957; CE, p = 1.000). At the same time, all the patients in the two groups belonged to the complete anterior circulation occlusion according to the OCSP classification (Table 1).


TABLE 1 Characteristics of the patients at baseline.
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Outcomes


Efficacy outcomes
 
National institute of health stroke scale, NIHSS

A significant improvement in NIHSS score at discharge was seen in tirofiban group compared with the baseline NIHSS score (20.00 ± 12.16 vs. 27.46 ± 12.74, p = 0.022, OR, 0.022; 95% CI, 0.019–0.025). And, there was a significant difference in NIHSS score reduction values at discharge between the tirofiban group and the control group (2.92 ± 9.31 vs. −3.23 ± 12.06, p = 0.021, OR, 0.006; 95% CI, 0.004–0.008) (Table 2).


TABLE 2 Efficacy and safety outcomes.
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In-hospital mortality

The in-hospital mortality was significantly lower in tirofiban group than in control group (16.7 vs. 40%, p = 0.029, OR, 0.300; 95% CI, 0.099–0.908). The subgroup analysis according to patient age showed that, in the tirofiban group, there were 6 patients died in those <80 years, and no patient died in those >80 years. In the control group, there were 9 patients died in those <80 years, and 5 patients died in those >80 years. The difference in mortality between the two groups came mainly from those patients >80 years (0 vs. 5, p = 0.016) (Table 2).



Modified rankin scale, mRS

Figure 3 showed the mRS scores distribution at 90 days in all patients. There was no difference in mRS 0–1 (p = 0.321, OR, 0.972; 95% CI, 0.920–1.027), mRS 2 (p = 0.572, OR, 2.00; 95% CI, 0.173–23.109), mRS 3 (p = 0.225, OR, 2.214; 95% CI, 0.601–8.161) or mRS 4 (p = 0.284, OR, 1.859; 95% CI, 0.593–5.825) scores between the two groups. There were significantly fewer severe disabilities (mRS = 5) and fatal strokes (mRS = 6) in tirofiban group than in control group (15 vs. 24, p = 0.023, OR, 0.327; 95% CI, 0.124–0.867) (Table 2).
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FIGURE 3
 Distribution of the modified rankin scale (mRS) scores at 90 days.





Safety outcomes
 
Intracranial hemorrhage

There were 3 patients with intracranial hemorrhage in tirofiban group 1 case of HI2, 1 case of PH1, and 1 case of PH2. In the control group, there were 9 patients with intracranial hemorrhage, 1 case of HI1, 5 cases of HI2, 2 cases of PH1, and 1 case of PH2. SICH occurred in 1 patient (2.8%) in tirofiban group and 3 patients (8.6%) in the control group; ASICH occurred in 2 patients (5.6%) in the tirofiban group, and 6 patients (17.1%) in the control group. Tirofiban did not increase the risk of symptomatic or asymptomatic intracranial hemorrhage compared with control group (SICH: p = 0.29, OR, 0.305; 95% CI, 0.030–3.081; ASICH: p = 0.123, OR, 0.284; 95% CI, 0.053–1.518) (Table 2).




Other bleeding events

We recorded all kinds of non-intracranial bleeding events during hospitalization, such as gastrointestinal bleeding, urinary bleeding, and skin and mucosa bleeding. There were 5 cases of bleeding (15.6%) in the tirofiban group and 12 cases of bleeding (34.8%) in the control group. The analysis showed that tirofiban did not increase the risk of non-intracranial bleeding in patients with acute LHI (p = 0.044, OR, 0.309; 95% CI, 0.096–1.000) (Table 2).




Discussion

Acute LHI is a devastating disease that is originally known as malignant middle cerebral artery infarction (MMI) (10, 11). MMI is characterized by severe symptoms, rapid progression, high risk of hemorrhage transformation, and high mortality. If not treated in time, severe complications such as cerebral edema, hemorrhage transformation, and cerebral herniation will occur in the patients and may endanger their lives. The previous studies have shown that the mortality rate of MMI is as high as 60.9–78%, and it is most commonly caused by cerebral herniations (10, 12). Even if patients survive after treatment, the severe neurological dysfunction will remain. The previous studies have shown that ~43–89% of MMI patients have mRS scores of 4–5 (12–14). Due to the poor antithrombotic effect of LHI and the occurrence of hemorrhagic transformation, it is necessary to seek a safe and effective antithrombotic program.

Tirofiban is a non-peptide intravenous antiplatelet drug that can reversibly inhibit the binding of fibrinogen to the platelet GP II B/III A receptor and improve the cerebral circulation. The drug is mainly used in patients with acute non-ST-segment elevation coronary syndrome. In ischemic cerebrovascular disease, tirofiban was initially studied in patients with progressive stroke, and it was evaluated primarily with the European Stroke Scale (ESS) or National Institutes of Health Stroke Scale (NIHSS) in the patients whose symptoms worsened by 4 points within 72–96 h from onset of stroke (15, 16). Currently, tirofiban is recommended by many guidelines as an important short-term antithrombotic therapy for progressive stroke with arteriolar occlusion and perioperative patients undergoing endovascular intervention, but there are few clinical studies on its use in LHI. The purpose of this study was to investigate the efficacy and safety of tirofiban in the treatment of acute LHI.

In this prospective cohort study, the patients in the tirofiban group showed better neurological outcomes. The patients included in this study had similar baseline NIHSS scores. After treatment, a significant improvement in NIHSS score at discharge was seen in the tirofiban group compared with the baseline NIHSS score. There was a significant difference in NIHSS score reduction values at discharge between the tirofiban group and the control group The results of this study suggest that tirofiban can significantly improve the early neurological function in patients with LHI. This may be related to the unique way of administration of tirofiban. Tirofiban is administered intravenously and can rapidly increase the plasma concentration and greatly shorten the time to effect. The previous studies have shown that 90% platelet inhibition effect can be achieved within 30 min by intravenous administration (17). Meanwhile, as tirofiban is GPIIb/IIIa receptor antagonist that can block the final pathway of platelet aggregation, it is considered to be the most powerful platelet-specific inhibitor (18–21). In addition, LHI patients often demonstrate a level of consciousness preventing oral medication administration, thus requiring oral antithrombotic drugs to be crushed or melted and administered through a gastric tube. This may increase the risk of gastrointestinal bleeding caused by oral antithrombotic drugs, such as aspirin. In contrast, the intravenous administration of tirofiban has shown great advantages in avoiding gastrointestinal damage. In addition, the efficacy of clopidogrel can vary between patients. The previous studies have shown that patients with CYP2C19 allele deficiencies could not metabolize clopidogrel efficiently and the antiplatelet effect of clopidogrel was poor in that patients (22, 23). Compared with clopidogrel, tirofiban can directly play an antiplatelet effect without a need for liver metabolism.

In addition, we found in the study that tirofiban significantly reduced the in-hospital mortality in patients. The Kaplan–Meier survival diagram showed that tirofiban significantly increased the in-hospital survival in patients with LHI compared with the control group (p = 0.046) (Figure 4). Of note, the subgroup analysis showed that the decrease in in-hospital mortality was more pronounced in the LHI patients older than 80 years. This result suggested that tirofiban was also safe and effective in elderly patients with LHI and may have greater clinical application value. The study also showed that tirofiban could significantly reduce the number of patients with mRS 5–6 scores at 90 days, which further verified the clinical effects of low-dose and long-term tirofiban in the treatment of LHI. However, the result was mainly caused by the difference in mRS 6, there was no significant difference in other mRS scores but only a tendency toward better functional outcomes which may be mainly due to the small sample size in this study.


[image: Figure 4]
FIGURE 4
 Cumulative mortality in hospital.


In this study, we compared the safety of tirofiban in LHI patients by observing the rate of intracranial hemorrhage and other types of bleeding in the two groups. The results showed that compared with the control group, tirofiban did not increase the risk of symptomatic or asymptomatic intracranial hemorrhage. The risk of bleeding in the skin and mucosa system, digestive system respiratory system, and urinary system was also lower in the tirofiban group than that in the control group, which fully verified the safety of low-dose and long-term tirofiban in the treatment of acute LHI. Similar to this study, a number of studies have shown that tirofiban can effectively prevent vascular occlusion without increasing the risk of intracranial or non-intracranial hemorrhage in AIS patients 24 h after intravenous thrombolytic therapy with alteplase (6, 24). This result may be associated with the drug pharmacokinetics. The previous studies have shown that tirofiban's half-life is short (~1.6 h) and its inhibiting effect on platelet GP II B/III A receptor is reversible, so the antiplatelet effect can disappear 4 h after drug withdrawal in patients with a prolonged bleeding time (25–27). When there were signs suggesting bleeding events, the administration of tirofiban could be stopped immediately. In this study, the continuous administration of low-dose tirofiban was effectively reduced the risk of bleeding in LHI patients. On the whole, low-dose and long-term tirofiban may be safe in patients with LHI.

However, there were some shortcomings in this study. First, the sample size included in this study was small and may affect the reliability of the study. Second, the subjects enrolled in this study were only Han Chinese people, the efficacy and safety of low-dose and long-term tirofiban in LHI patients from other populations are still unclear. Third, the inconsistent baseline characteristics in the study may affect the study results to a certain extent. Meanwhile, this study only investigated the efficacy and safety of tirofiban at the dose of 3–4 μg/(kg·h) and the quantitative–effect relationship of tirofiban could not be evaluated.

In conclusion, low-dose and long-course tirofiban may significantly improve the early neurological function of patients with LHI and can reduce the in-hospital mortality, especially in patients >80 years old. It also may improve the quality of life and ability of daily living at 90 days. At the same time, tirofiban does not increase the risk of intracranial hemorrhage and another systemic bleeding. In view of some of the shortcomings of this study, a large number of high-quality clinical studies are needed to further clarify the clinical efficacy and safety of tirofiban in the treatment of acute LHI.
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