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Background: This study aimed to comprehensively explore the occurrence and risk factors for adverse events (AEs) and adverse drug reactions (ADRs) (especially for thrombocytopenia and bleeding) in Chinese patients with high bleeding risk (older adults, or complicated with diabetes mellitus or renal function impairment) undergoing percutaneous coronary intervention (PCI) with bivalirudin as an anticoagulant.

Methods: A total of 1,226 patients with high bleeding risk who received PCI with bivalirudin as an anticoagulant from 27 Chinese medical centers were enrolled in this prospective, multi-center, intensive monitoring study. AEs, ADRs, thrombocytopenia, and bleeding were collected from admission to 72 h post-bivalirudin administration; subsequently, patients were followed up on the 30th day with the safety data collected as well.

Results: Adverse events were observed in 198 (16.2) patients, among which severe AEs occurred in 16 (1.3%) patients. Meanwhile, bivalirudin-related ADRs were reported in 66 (5.4%) patients, among which 5 (0.4%) patients experienced bivalirudin-related severe ADRs. Besides, thrombocytopenia and bleeding occurred in 45 (3.7%) and 19 (1.5%) patients, respectively. The subsequent multivariate logistic analysis revealed that age >75 years [p = 0.017, odds ratio (OR) = 1.856] and spontaneous coronary artery dissection (SCAD) (p = 0.030, OR = 2.022) were independently related to higher ADR risk; SCAD (p = 0.017, OR = 2.426) was independently correlated with higher thrombocytopenia risk, while radial artery access (p = 0.015, OR = 0.352) was independently correlated with lower thrombocytopenia risk; and the administration of bivalirudin preoperatively or intraoperatively (p = 0.013, OR = 5.097) was independently associated with higher bleeding risk.

Conclusion: Bivalirudin presents a favorable safety profile regarding ADRs, thrombocytopenia, and bleeding in Chinese patients with high bleeding risk undergoing PCI.
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INTRODUCTION

Percutaneous coronary intervention (PCI) is a commonly performed, minimally invasive treatment modality for cardiovascular diseases that ameliorates the stenosis of the coronary artery and thus improves the prognosis of patients with cardiovascular diseases (1, 2). Although patients who receive PCI may face in-stent restenosis, the administration of anticoagulants, such as unfractionated heparin (often combined with glycoprotein IIb/IIIa inhibitors) reduces the risk of in-stent restenosis, thus being recommended (3, 4). However, the administration of anticoagulants could induce several adverse events (AEs), such as thrombocytopenia and bleeding (5–7). Therefore, the choice of anticoagulants remains controversial in patients undergoing PCI, especially for those with high bleeding risks, such as higher age, or complicated with diabetes mellitus or renal function impairment (8, 9).

Bivalirudin is a direct thrombin inhibitor with multiple advantages, such as quick onset, short half-life, linear pharmacodynamic and pharmacokinetic properties, and less likely to induce bleeding (10, 11). Currently, a bunch of clinical trials have demonstrated that bivalirudin is a close equivalent to heparin regarding anticoagulation effects with an even better safety profile during PCI (12–18). Notably, it is also suggested that in patients with high bleeding risk, such as those with diabetes mellitus or chronic kidney diseases, bivalirudin induces fewer incidence of major bleeding (18–20). Therefore, bivalirudin might be a suitable approach for patients undergoing PCI with high bleeding risk. However, since its application in China in recent years, not much data are available regarding its safety profile in Chinese patients, not to mention those with high bleeding risk.

The present prospective, multi-center, intensive monitoring study focused on investigating the occurrence and risk factors for AEs and adverse drug reactions (ADRs), especially thrombocytopenia and bleeding in Chinese patients with high bleeding risk undergoing PCI with bivalirudin as an anticoagulant in a wide range of the population.



MATERIALS AND METHODS


Patients

Between July 2018 and June 2019, a total of 3,049 patients who underwent PCI and received bivalirudin as an anticoagulant in 27 Chinese medical centers were enrolled in a prospective, multi-center, intensive monitoring study that aimed to evaluate the safety of bivalirudin in a wide range of population (summary of AEs and ADRs are shown in Supplementary Table 1). Out of 3,049 patients, 1,226 patients with high bleeding risk were analyzed in this study. The enrollment criteria were set as (a) patients whose ages were more than 18 years old; (b) patients who were about to receive PCI and bivalirudin; and (c) patients who had one of the following conditions were defined as patients with high bleeding risk: (i) age >75 years; (ii) diabetes mellitus; and (iii) renal function impairment (estimated glomerular filtration rate ranged from 30 to 60 ml/min) (21). The patients with PCI contraindications, hypersensitivity to bivalirudin, and pregnant or lactating patients were excluded from the study. During the process of the study, the therapy of all patients and their medication usage were determined by attending physicians on the basis of the actual clinical situation and were not interfered by the study. This study was approved by the Ethics Committee of each participating center with Beijing Anzhen Hospital Affiliated with Capital Medical University (approval number: KS2019012) and Peking University People’s Hospital (approval number: 2018PHA092-001) as the primary Ethics Committees. All patients provided written informed consent.



Collection of Data

Clinical data were collected as follows: (i) demographic characteristics: age and gender; (ii) medical history: history of diabetes mellitus, allergy, critical respiratory disease, renal function impairment, and cardiac surgery; (iii) clinical presentation: unstable angina (UA); ST-segment elevation myocardial infarction (STEMI); non-ST-segment elevation myocardial infarction (NSTMI); and spontaneous coronary artery dissection (SCAD); and (iv) treatment characteristics: operative timing, types of coronary interventional therapy, arterial access, culprit vessel, administration of bivalirudin, and combined with glycoprotein (GP) IIb/IIIa inhibitors. Besides, safety data were also collected from all patients. AEs and ADRs were recorded particularly from hospital admission to 72 h after completion of bivalirudin administration. In addition, patients were followed up on the 30th day, and the data were also collected at that time. AEs and ADRs were classified by the Systematic Organ Classification (SOC) and Preferred Term (PT) of the International Conference on the Coordination of International Drug Registration (ICH) Medical Dictionary for Regulatory Activities (MedDRA) 23.0.



Definitions

Adverse events were defined as any unfavorable and unintended sign (such as an abnormal laboratory finding), symptom, or disease temporally associated with the use of a medical treatment that may or may not be considered related to the medical treatment. ADRs were defined as the harmful reaction of qualified drugs that were irrelevant to the purpose of medication under normal usage and dosage. Severe adverse events (SAEs) and severe adverse drug reactions (SADRs) were defined as one of the following events: (i) leading to death; (ii) life-threatening consequences; (iii) leading to carcinogenesis, teratogenesis, and birth defects; (iv) leading to significant or permanent human disability or organ function damage; (v) resulting in hospitalization or prolonged length of stay; and (vi) leading to other important medical events, if not treated, the above listed conditions may occur. The severity of AEs and ADRs was divided into three levels according to the following criteria: (i) mild: symptoms were transient and did not affect the patient’s normal daily activities; (ii) moderate: symptoms were obvious to affect the patient’s normal daily activities, but tolerable, which did not require the patient to stop medication; and (iii) severe: symptoms were obvious, intolerable and affected the patient’s normal daily activities, which required the patient to stop the medication.



Statistical Analysis

Continuous variables were expressed as mean ± SD, and categorical variables were expressed as numbers (percentage). The unknown data were not included in the analysis. Correlations of characteristics with ADRs were determined by the chi-square test and Fisher’s exact test. Logistic regression analyses for ADRs, thrombocytopenia, and bleeding were performed, and the forward stepwise methodology was applied for screening the independent prediction factors. A p-value of < 0.05 was considered statistically significant. All analyses were performed using SAS 9.4 (SAS Institute, Inc., Cary, NC, United States).




RESULTS


Characteristics of Patients and Treatment

The detailed characteristics of patients and treatment are listed in Table 1 and Supplementary Table 2, respectively. In brief, the patients included 450 (36.7%) women and 776 (63.3%) men with a mean age of 70.9 ± 11.1 years. Meanwhile, the numbers of patients presented with UA, STEMI, NSTMI, SCAD, and others were 460 (37.5%), 426 (34.8%), 197 (16.1%), 140 (11.4%), and 3 (0.2%), respectively (Table 1). Regarding the treatment characteristics, 1,143 (93.2%), 77 (6.3%), 1 (0.1%), and 5 (0.4%) patients received PCI through the radial artery, femoral artery, brachial artery, and others, respectively. In addition, 49 (4.0%) patients were administrated with preoperative or intraoperative bivalirudin, 1,049 (85.6%) patients took bivalirudin within 4 h of operation, and 128 (10.4%) patients received bivalirudin after 4 h of operation. Moreover, 865 (70.6%) patients were administrated with bivalirudin combining GP IIb/IIIa inhibitors (Supplementary Table 2).


TABLE 1. Clinical characteristics.

[image: Table 1]


Adverse Events, Adverse Drug Reactions, Thrombocytopenia, and Bleeding

Generally, AEs occurred in 198 (16.2%) patients, among which SAEs were reported in 16 (1.3%) patients. Meanwhile, ADRs and SADRs were observed in 66 (5.4%) and 5 (0.4%) patients, respectively. Notably, thrombocytopenia occurred in 45 (3.7%) patients and bleeding was reported in 19 (1.5%) patients (Figure 1).


[image: image]

FIGURE 1. Occurrence of AEs, SAEs, ADRs, SADRs, thrombocytopenia, and bleeding. AEs, adverse events; SAEs, severe adverse events; ADRs, adverse drug reactions; SADRs, severe adverse drug reactions.


In detail, the majority of the AEs were mild (14.5%); the most commonly occurred AEs (by SOC) were gastrointestinal disorders (4.5%), general disorders and administration site conditions (3.8%), respiratory, thoracic, and mediastinal disorders (3.8%), as well as blood and lymphatic system disorders (3.8%) (Figure 2A). Meanwhile, the majority of ADRs were also mild (5.2%); the most commonly occurring ADRs were blood and lymphatic disorders (3.8%) and gastrointestinal disorders (0.8%) (Figure 2B).
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FIGURE 2. Detailed AEs and ADRs. Incidence of AEs (A) and ADRs (B) in system organ class (SOC). AEs, adverse events; ADRs, adverse drug reactions.




Factors Related to Adverse Drug Reactions

Correlation analyses revealed that age >75 years was correlated with a higher incidence of ADRs (p = 0.017), while other patient characteristics or treatment characteristics were not correlated with ADRs (all p > 0.05) (Table 2). Further univariate logistic regression analysis confirmed that age >75 years was correlated with a higher incidence of ADRs (p = 0.018, OR = 1.841); it also found that SCAD was associated with a higher incidence of ADRs (p = 0.033, OR = 1.995). Moreover, forward stepwise multivariate logistic regression analysis revealed that both age >75 years (p = 0.017, OR = 1.856) and SCAD (p = 0.030, OR = 2.022) were independently related to ADRs (Table 3).


TABLE 2. Correlations of characteristics with ADRs.
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TABLE 3. Logistic regression analysis for ADRs.
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Risk Factors for Thrombocytopenia

Univariate logistic regression analysis revealed that SCAD (p = 0.024, OR = 2.310) was associated with a higher risk of thrombocytopenia, while PCI through the radial artery (p = 0.021, OR = 0.373) was correlated with a lower risk of thrombocytopenia. Further forward stepwise multivariate logistic regression analysis displayed that SCAD (p = 0.017, OR = 2.426) was an independent factor for higher risk of thrombocytopenia, while PCI through the radial artery (p = 0.015, OR = 0.352) was an independent factor for lower risk of thrombocytopenia (Table 4).


TABLE 4. Logistic regression analysis for thrombocytopenia.
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Risk Factors for Bleeding

According to the univariate logistic regression analysis, administration of bivalirudin preoperatively or intraoperatively (p = 0.016, OR = 4.732) was associated with a higher risk of bleeding, but administration of bivalirudin within 4 h of operation (p = 0.040, OR = 0.358) was associated with a lower risk of bleeding. After adjusted by multivariate logistic regression, administration of bivalirudin preoperatively or intraoperatively (p = 0.013, OR = 5.097) was an independent risk factor for bleeding (Table 5).


TABLE 5. Logistic regression analysis for bleeding.
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DISCUSSION

In the present real-world study observing the safety profile of bivalirudin as an anticoagulant in Chinese patients undergoing PCI with high bleeding risk, the results revealed that the incidences of AEs, SAEs, bivalirudin-related ADRs, and SADRs were 16.2, 1.3, 5.4, and 0.4%, respectively. Meanwhile, thrombocytopenia and bleeding occurred in 3.7 and 1.5% of patients, respectively. Besides, older age and SCAD were independent factors for the higher risk of bivalirudin-related ADRs; SCAD was an independent factor for the higher risk of thrombocytopenia, while radial artery access was an independent factor for the lower risk of thrombocytopenia; preoperative or intraoperative administration of bivalirudin was an independent factor for the higher risk of bleeding.

Bivalirudin is considered as an alternative option for heparin-based anticoagulants in patients undergoing PCI. So far, a number of clinical trials have been conducted and revealed the similarity or even superiority of bivalirudin against heparin regarding the safety profile (12–18). For instance, a recent trial recruiting 6,006 myocardial infarction patients undergoing PCI reveals that the incidences of major bleeding (2.8 vs. 2.8%) and death of any cause (2.9 vs. 2.8%) are similar in patients who receive bivalirudin or heparin monotherapy during PCI (12). Meanwhile, the BRIGHT trial discloses that bivalirudin reduces the 30-day bleeding rate (4.1%) compared with heparin monotherapy (7.5%) or heparin plus tirofiban (12.3%) in acute myocardial infarction patients undergoing PCI (13). Moreover, a pre-specified analysis from the EUROMAX trial shows that bivalirudin reduces the risk of mortality (OR = 0.53, 95% CI: 0.33–0.87) or major bleeding (OR = 0.44, 95% CI 0.24–0.82) compared with heparin plus bailout glycoprotein IIb/IIIa inhibitors in patients with STEMI undergoing PCI (14). Apart from that, considering that patients at a higher bleeding risk may benefit from bivalirudin (22, 23), studies have been performed to verify this issue. For example, a meta-analysis reviewing REPLACE-2, ACUITY, HORIZONS-AMI, ISAR-REACT-4, and EUROMAX trials found that bivalirudin decreases major bleeding in STEMI patients with impairment of renal function undergoing PCI (24). Furthermore, another meta-analysis reviewing REPLACE-2, ACUITY, and HORIZONS-AMI trials reveals that in patients with diabetes mellitus undergoing PCI, bivalirudin also reduces major bleeding compared with heparin plus glycoprotein IIb/IIIa inhibitors (4.3 vs. 6.6%) (20). In addition, similar results are also concluded in older adult patients undergoing PCI (19). Currently, a loading dose of 0.10 mg/kg, followed by 0.25 mg/kg/day of bivalirudin is recommended by the American Heart Association for patients undergoing PCI (25). However, since bivalirudin is recently applied in China, little data could be acquired regarding the safety profile of bivalirudin as anticoagulant in Chinese patients with high bleeding risk undergoing PCI.

In the present study that observes the safety profile of bivalirudin in Chinese patients with high bleeding risk undergoing PCI, the data revealed that the incidences of AEs and SAEs bivalirudin-related ADRs and SADRs were 16.2, 1.3, 5.4, and 0.4%, respectively. Meanwhile, the most commonly occurred AEs (by SOC) were gastrointestinal disorders (4.5%), general disorders, and administration site conditions (3.8%), respiratory, thoracic, and mediastinal disorders (3.8%), as well as blood and lymphatic system disorders (3.8%); and the most commonly occurred ADRs were blood and lymphatic disorders (3.8%) and gastrointestinal disorders (0.8%). The incidence of AEs in the current study was within the range of previous reports (13, 26, 27). However, since the incidence of bivalirudin-related ADRs is rarely reported, it was unable to compare these data with other studies. Meanwhile, the incidence of bleeding was lower compared with previous reports (12, 13), which could be a result of the differences in the follow-up period, PCI characteristics, bivalirudin administration, etc. between the present study and previous studies. In the current study, four patients died due to severe AEs, among which the death of three patients was irrelevant to bivalirudin administration, while the death of the other patient was unable to be assessed. Besides, no difference of ADRs was found in patients undergoing elective PCI or emergency PCI, indicating that bivalirudin might be used under both circumstances. In the current study, “post-operative ≤4 h” and “post-operative >4 h” refers to the fact that, patients received an initial dose of 0.75 mg/kg, followed by 1.75 mg/kg/h until ≤4 h after PCI, and >4 h after PCI, respectively. Our data showed that no difference in ADRs was found in patients receiving different administration of bivalirudin, thus it could be concluded that bivalirudin dosage increase/decrease would not affect the incidence of ADRs, which could be adjusted dependent on patients’ conditions.

Furthermore, the present study investigated risk factors for bivalirudin-related ADRs, thrombocytopenia, and bleeding, which revealed that higher age and SCAD were independent factors for higher risk of bivalirudin-related ADRs; SCAD was an independent factor for higher risk of thrombocytopenia, while radial artery access was an independent factor for a lower risk of thrombocytopenia. Possible explanations might be that: (1) patients of higher age had worse body conditions, thus correlated with higher ADRs; (2) although carefully selected in patients, those with clinical presentation of SCAD treated with PCI still might face with a higher risk of Iatrogenic dissection and hematoma extending (28), thereby correlated with a higher risk of ADRs and thrombocytopenia; and (3) radial artery access is associated with a lower risk of bleeding (29, 30), thus bivalirudin dosage was reduced in these patients, resulting in the lower risk of thrombocytopenia. Moreover, preoperative or intraoperative administration of bivalirudin was an independent factor for increased risk of bleeding, raising the hypothesis that post-operative administration of bivalirudin may be a more appropriate approach for patients with high bleeding risk undergoing PCI, while further trials should be conducted to verify this.

It could not be denied that several limitations existed in this study. First, although the sample size of this study was relatively large, the incidences of bivalirudin-related SADRs, thrombocytopenia, and bleeding were relatively low, resulting in lower statistical reliability. Second, the interaction of administration time of bivalirudin with bleeding was not the primary objective of this study, which could be verified in further randomized controlled trials. Third, the anticoagulant efficacy of bivalirudin should be observed in a large population in the future. Fourth, the definition of high bleeding risk was referred to a previous study (21), while other definitions of high bleeding risk should be considered in the future to further verify the safety of bivalirudin. Fifth, this is an observational registry study focusing on bivalirudin, further studies with a control cohort should be conducted for the verification of the safety of bivalirudin.

Collectively, bivalirudin presents a favorable safety profile regarding ADRs, thrombocytopenia, and bleeding in Chinese patients with high bleeding risk undergoing PCI.
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