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Abstract

Although bivalirudin has been recently made available for purchase in China, large-scale analyses on the safety profile of
bivalirudin among Chinese patients is lacking. Thus, this study aimed to compare the safety profile of bivalirudin and heparin as
anticoagulants in Chinese ST-segment elevation myocardial infarction (STEMI) patients undergoing percutaneous coronary
intervention (PCI). A total of 1063 STEMI patients undergoing PCI and receiving bivalirudin (n=424, bivalirudin group) or heparin
(n=639, heparin group) as anticoagulants were retrospectively enrolled. The net adverse clinical events (NACEs) within 30 days
after PCI were recorded, including major adverse cardiac and cerebral events (MACCEs) and bleeding events (bleeding
academic research consortium (BARC) grades 2–5 (BARC 2–5)). The incidences of NACEs (10.1 vs 15.6%) (P=0.010), BARC
2–5 bleeding events (5.2 vs 10.3%) (P=0.003), and BARC grades 3–5 (BARC 3–5) bleeding events (2.1 vs 5.5%) (P=0.007)
were lower in the bivalirudin group compared to the heparin group, whereas general MACCEs incidence (8.9 vs 6.4%)
(P=0.131) and each category of MACCEs (all P40.05) did not differ between two groups. Furthermore, the multivariate logistic
analyses showed that bivalirudin (vs heparin) was independently correlated with lower risk of NACEs (OR=0.508, P=0.002),
BARC 2–5 bleeding events (OR=0.403, P=0.001), and BARC 3–5 bleeding events (OR=0.452, P=0.042); other independent
risk factors for NACEs, MACCEs, or BARC bleeding events included history of diabetes mellitus, emergency operation, multiple
lesional vessels, stent length 433.0 mm, and higher CRUSADE score (all Po0.05). Thus, bivalirudin presented a better safety
profile than heparin among Chinese STEMI patients undergoing PCI.
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Introduction

Cardiovascular diseases are the leading cause of
death globally, taking the lives of an estimated 17.9 million
people (1). ST-segment elevation myocardial infarction
(STEMI) is viewed as the most severe manifestation
of coronary artery disease and causes a great number of
cardiac deaths globally (2,3). So far, the prognosis of
STEMI patients is greatly improved by percutaneous
coronary intervention (PCI), which is a minimally invasive
treatment strategy (4,5). The PCI-related adverse events

include myocardial infarction (ranging from 3.0 to 6.3%)
and bleeding events (approximately 7.0%) (6,7). During
PCI, anticoagulants including heparin with or without
glycoprotein IIb/IIIa inhibitors (GPIs) are commonly
applied (8,9). However, current anticoagulants can also
cause several adverse events such as thrombocytopenia
and bleeding, sometimes leading to death (10,11). Thus,
research into a safe anticoagulant is imperative to improve
the management of STEMI patients undergoing PCI.
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Bivalirudin is an oligopeptide anticoagulant with
several advantages, including direct inhibition of thrombin,
rapid onset, short half-life, good safety profile, etc. (12,13).
Several studies have shown that bivalirudin presents a
favorable safety profile as an anticoagulant in PCI (14–
17). For instance, the incidence of thrombocytopenia and
bleeding is only 1.9 and 1.7%, respectively, among STEMI
patients undergoing PCI and using bivalirudin as an
anticoagulant (14). Moreover, the incidences of net
adverse clinical events (NACEs) and cardiac death are
lower among elder coronary artery disease patients
receiving bivalirudin compared to those receiving heparin
as an anticoagulant in PCI (15). Nevertheless, considering
that bivalirudin is new in China, more large-scale analyses
focused on the safety profile of bivalirudin among Chinese
STEMI patients undergoing PCI are necessary to promote
its clinical application.

The current study aimed to explore the incidence of
and risk factors for total NACEs, major adverse cardiac
and cerebral events (MACCEs), and bleeding events of
bivalirudin and heparin as anticoagulants in 1063 Chinese
STEMI patients receiving PCI.

Material and Methods

Patients
This retrospective cohort study included 1063 STEMI

patients who were treated with PCI and received
bivalirudin or heparin as anticoagulants in HanDan Central
Hospital (China) between December 2017 and February
2022. The screening criteria were: a) diagnosed with
STEMI according to the European Society of Cardiology
Guidelines (18); b) over 18 years old; c) patients under-
went their initial episode of PCI; d) received bivalirudin or
heparin as anticoagulants. The exclusion criteria were:
a) had incomplete clinical data for analysis; b) had cancer
or severe hematological disease; c) were known pregnant
or nursing mothers. The study was approved by the Ethics
Committee of the Hospital. Written informed consent was
obtained from each patient or family member.

Treatment
Patients received bivalirudin or heparin (unfractionated

heparin or low molecular weight heparin) as anticoagu-
lants based on the current disease status, physician
advice, and patient willingness. GPIs were administrated if
needed. Patients who received bivalirudin were consid-
ered as the bivalirudin group (n=424) and patients who
received heparin were considered as the heparin group
(n=639). The regimens of bivalirudin and heparin were in
accordance with a previous study (19). In the bivalirudin
group, bivalirudin was administered intravenously with a
loading dose of 0.75 mg/kg, then pumped continuously
at a rate of 1.75 mg/kg per hour until the end of PCI
and maintained for at least 30 min after the procedure.

The activated clotting time (ACT) was monitored 5 min
after the first dose, and if ACT was less than 225 s,
additional bivalirudin was administered intravenously at
0.30 mg/kg. In the heparin group, heparin was adminis-
tered intravenously with a loading dose of 80B100 U/kg
before PCI. The ACT was monitored 5 min after the first
dose, and if the ACT was less than 200 s, additional
heparin was administered intravenously at 20 U/kg. PCI
was performed by experienced interventional cardiologists
using the same equipment and standard techniques.

Data collection
Data of STEMI patients were obtained, which included

demographic characteristics, medical history, disease
characteristics, and treatment information. In addition,
NACEs within 30 days after PCI were recorded, which
included MACCEs and bleeding events (bleeding aca-
demic research consortium (BARC) grades 2–5 (BARC 2–
5)) (20,21). MACCEs contained all-cause death, recurrent
myocardial infarction, ischemia-driven target vessel revas-
cularization, and stroke (20).

Statistical analysis
Statistics were performed using SPSS v 22.0 (IBM

Corp., USA), and figures were designed by GraphPad
Prism v 6.1 (GraphPad Software Inc., USA). Differences
between the bivalirudin group and the heparin group were
analyzed by Student’s t-test, chi-squared test, or Wilcoxon
rank sum test. Independent factors for NACEs, MACCEs,
BARC 2–5 bleeding events, or BARC 3–5 bleeding events
were assessed by forward stepwise multivariate logistic
regression analysis with all parameters included. Po0.05
was considered significant.

Results

Clinical characteristics of STEMI patients
In the heparin group, the mean age of patients was

64.4±12.0 years, and there were 179 (28%) females and
460 (72%) males. In the bivalirudin group, the mean age
of patients was 63.3±11.3 years, and there were 108
(25.5%) and 316 (74.5%) females and males, respec-
tively. Moreover, no differences were found between
groups in demographic characteristics, medical history,
disease characteristics, and treatment information (except
GPIs); the number of patients in the heparin group
receiving GPIs (431 (67.4%)) was higher than those in
the bivalirudin group (261 (61.6%; P=0.048) (Table 1).

Comparison of the safety profile of heparin and
bivalirudin

The NACEs rate was lower in the bivalirudin group
compared to the heparin group (10.1 vs 15.6%) (P=0.010)
(Figure 1A). However, no difference in the MACCEs rate
was found between the two groups (8.9 vs 6.4%)
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(P=0.131) (Figure 1B). Furthermore, the rate of BARC 2–5
bleeding events was lower in the bivalirudin group
compared to the heparin group (5.2 vs 10.3%) (P=0.003)
(Figure 1C). A lower rate of BARC 3–5 bleeding events
was also found in the bivalirudin group (2.1 vs 5.5%)
(P=0.007) (Figure 1D). To further explore the differences
in MACCEs between the heparin group and the bivalirudin
group, the incidence rate of each event of MACCEs was
recorded, and the analysis showed that all-cause mortal-
ity, cardiac mortality, recurrent myocardial infarction,
ischemia-driven revascularization, and stroke did not differ
between groups (all P40.05) (Table 2).

Factors related to NACEs
Patients who received bivalirudin (vs heparin) as

treatment had a lower risk of NACEs (odds ratio (OR)=

0.508, P=0.002), while history of diabetes mellitus (vs no)
(OR=1.818, P=0.007), emergency operation (vs elective
operation) (OR=2.700, Po0.001), multiple (vs single)
lesional vessels (OR=2.030, P=0.006), and stent length
433.0 mm (vs p33.0 mm) (OR=1.550, P=0.026) were
associated with a higher risk of NACEs (Table 3).

Independent factors related to MACCE
A history of diabetes mellitus (vs no) was the only

factor independently correlated with a higher number of
MACCEs (OR=1.995, P=0.007).

Factors related to BARC 2–5 bleeding events
Bivalirudin (vs heparin) as treatment (OR=0.403,

P=0.001) was related to a lower risk of BARC 2–5
bleeding events, while history of diabetes mellitus (vs no)

Table 1. Clinical characteristics of STEMI patients.

Items Heparin group

(n=639)

Bivalirudin group

(n=424)

P value

Demographic characteristics

Age (years), mean±SD 64.4±12.0 63.3 ±11.3 0.155

Gender, n (%) 0.361

Female 179 (28.0) 108 (25.5)

Male 460 (72.0) 316 (74.5)

BMI (kg/m2), mean±SD 23.6±3.0 23.8±3.1 0.308

Medical history, n (%)

Hypertension 425 (66.5) 268 (63.2) 0.268

Diabetes mellitus 133 (20.8) 92 (21.7) 0.730

Cardiac surgery 33 (5.2) 24 (5.7) 0.725

Disease characteristics

CRUSADE score, median (IQR) 29.0 (21.0–40.0) 27.0 (19.0–38.0) 0.111

Operative timing, n (%) 0.067

Elective operation 167 (26.1) 90 (21.2)

Emergency operation 472 (73.9) 334 (78.8)

Infarction-related artery, n (%) 0.995

LAD 271 (42.4) 181 (42.7)

LCX 131 (20.5) 86 (20.3)

RCA 237 (37.1) 157 (37.0)

Lesional vessel, n (%) 0.863

Single 545 (85.3) 360 (84.9)

Multiple 94 (14.7) 64 (15.1)

Treatment information

PCI type, n (%) 0.677

Balloon dilatation 31 (4.9) 23 (5.4)

Stent implantation 608 (95.1) 401 (94.6)

Stent diameter (mm), median (IQR) 3.0 (3.0–3.5) 3.0 (2.8–3.5) 0.321

Stent length (mm), median (IQR) 33.0 (23.0–38.0) 33.0 (23.0–38.0) 0.401

GPIs, n (%) 431 (67.4) 261 (61.6) 0.048

STEMI: ST-segment elevation myocardial infarction; BMI: body mass index; CRUSADE: Can Rapid Risk
Stratification of Unstable Angina Patients Suppress Adverse Outcomes with Early Implementation of the
ACC/AHA guidelines; IQR: interquartile range; LAD: left anterior descending artery; LCX: left circumflex
artery; RCA: right coronary artery; PCI: percutaneous coronary intervention; GPIs: glycoprotein IIb/IIIa
inhibitors. Student’s t-test, chi-squared test, or Wilcoxon rank sum test.
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(OR=1.854, P=0.021), emergency operation (vs elective
operation) (OR=2.180, P=0.017), multiple (vs single)
lesional vessels (OR=1.958, P=0.032), and stent length

433.0 mm (vs p33.0 mm) (OR=1.840, P=0.014) were
associated with an increased risk of BARC 2–5 bleeding
events (Table 4).

Figure 1. Safety profile in the heparin and bivalirudin groups among ST-segment elevation myocardial infarction (STEMI) patients
undergoing percutaneous coronary intervention. Comparison of the incidence of net adverse clinical events (NACEs) (A), major adverse
cardiac and cerebral events (MACCEs) (B), bleeding academic research consortium (BARC) 2–5 scores (C), and BARC 3–5 scores (D).
Numbers on the top of the columns are number and percentage (Student’s t-test).

Table 2. Detailed MACCEs of STEMI patients.

Items Heparin group

(n=639)

Bivalirudin group

(n=424)

P value

All-cause mortality, n (%) 32 (5.0) 20 (4.7) 0.830

Cardiac mortality, n (%) 23 (3.6) 17 (4.0) 0.731

Recurrent myocardial infarction, n (%) 15 (2.3) 5 (1.2) 0.170

Ischemia-driven revascularization, n (%) 13 (2.0) 8 (1.9) 0.866

Stroke, n (%) 10 (1.6) 6 (1.4) 0.844

MACCEs: major adverse cardiac and cerebral events; STEMI: ST-segment elevation myocardial infarction.
Student’s t-test.

Table 3. Factors associated with NACEs.

Items P value OR 95%CI

Lower Upper

Treatment (bivalirudin vs heparin) 0.002 0.508 0.334 0.774

History of diabetes mellitus (yes vs no) 0.007 1.818 1.180 2.799

Operative timing (emergency operation vs elective operation) o0.001 2.700 1.579 4.617

Lesional vessel (multiple vs single) 0.006 2.030 1.224 3.368

Stent length (433.0 vs p33.0 mm) 0.026 1.550 1.054 2.278

NACEs: net adverse clinical events; OR: odds ratio; CI, confidence interval. Chi-squared test.
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Factors related to BARC 3–5 bleeding events
Bivalirudin (vs heparin) as treatment (OR=0.452,

P=0.042) was associated with a lower risk of BARC 3–5
bleeding events, while a higher CRUSADE score (OR=
3.799, Po0.001) and stent length 433.0 mm (vs p33.0
mm) (OR=2.361, P=0.014) were associated with a higher
risk of BARC 3–5 bleeding events (Table 5).

Discussion

The current study found that: 1) the incidences of
NACE, BARC 2–5 bleeding events, and BARC 3–5
bleeding events were lower in the bivalirudin group
compared to the heparin group; 2) bivalirudin (vs heparin)
was independently associated with lower risk of NACE,
BARC 2–5 bleeding events, and BARC 3–5 bleeding
events. This study indicated that bivalirudin presented a
better safety profile than heparin among Chinese STEMI
patients undergoing PCI.

Our findings are in agreement with several previous
studies. For example, in the EUROMAX trial, the rate of
major bleeding was minimal with bivalirudin (5.1%),
followed by heparin (7.6%) and heparin plus GPI (9.8%)
among STEMI patients undergoing PCI (22). Moreover,
stent thrombosis was lower with bivalirudin (0.4%)
compared to heparin (0.7%) among acute myocardial
infarction (AMI) patients undergoing PCI in Sweden (23).
Importantly, one large-scale prospective study from China

explored the 30-day adverse events and adverse drug
reactions of bivalirudin as an anticoagulant among
Chinese AMI patients undergoing PCI and showed that
bivalirudin had a good safety profile (14).

The findings of the current study might be due to the
fact that heparin indirectly suppresses the activity of
thrombin while bivalirudin is a direct thrombin inhibitor. In
addition, bivalirudin reduced platelet activity compared to
heparin (12,13,24), showing a better capability of inhibiting
major bleeding events, which account for a large part of
NACEs. In addition, the current study found no difference
in overall MACCEs incidence and single MACCEs
between STEMI patients receiving bivalirudin and heparin
in the current study, which was consistent with previous
studies (25,26). Bivalirudin might not be able to directly
affect cardiac and cerebral function while directly inhibiting
bleeding events.

To further help clinicians improve the management
of STEMI patients undergoing PCI, the risk factors of
NACEs, MACCEs, BARC 2–5 bleeding events, and
BARC 3–5 bleeding events were also explored in the
current study. Bivalirudin (vs heparin) was associated with
a lower risk of NACEs, BARC 2–5 bleeding events, and
BARC 3–5 bleeding events; other factors associated with
NACEs, MACCEs, or BRAC bleeding events included
history of diabetes mellitus, emergency operation, multiple
lesional vessels, stent length 433.0 mm, and higher
CRUSADE score, which was partly in line with the

Table 4. Factors associated with BARC 2–5 bleeding events.

Items P value OR 95%CI

Lower Upper

Treatment (bivalirudin vs heparin) 0.001 0.403 0.231 0.700

History of diabetes mellitus (yes vs no) 0.021 1.854 1.096 3.136

Operative timing (emergency operation vs elective operation) 0.017 2.180 1.152 4.124

Lesional vessel (multiple vs single) 0.032 1.958 1.061 3.613

Stent length (433.0 vs p33.0 mm) 0.014 1.840 1.133 2.989

BARC 2–5 bleeding events: Bleeding Academic Research Consortium grades 2 to 5; OR: odds ratio;
CI: confidence interval. Chi-squared test.

Table 5. Factors associated with BARC 3–5 bleeding events.

Items P value OR 95% CI

Lower Upper

Treatment (bivalirudin vs heparin) 0.042 0.452 0.211 0.970

CRUSADE score (high vs low) o0.001 3.799 1.989 7.259

Stent length (433.0 vs p33.0 mm) 0.014 2.361 1.191 4.677

BARC 3–5 bleeding events: Bleeding Academic Research Consortium grades 3 to 5; OR: odds ratio; CI:
confidence interval; CRUSADE: Can Rapid Risk Stratification of Unstable Angina Patients Suppress
Adverse Outcomes with Early Implementation of the ACC/AHA guidelines. Chi-squared test.
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previous studies (14,26,27). Clinicians should be aware of
STEMI patients receiving PCI with the above risk factors.

The clinical implications of the current study are: 1)
bivalirudin as an anticoagulant during PCI might reduce
the risk of severe bleeding complications in STEMI
patients, which is especially crucial during high-risk
procedures like PCI; 2) bivalirudin was associated with
fewer NACEs compared to heparin. The lower rate of
NACEs indicated that using bivalirudin might result in
better overall patient outcomes; 3) for STEMI patients
undergoing PCI who were at a higher risk of complica-
tions, such as those with a history of bleeding or other
medical conditions that increase the risk of adverse
events, bivalirudin might be a suitable anticoagulant
option. Evaluating clinical events within a specific time
frame such as 30 days ensured safety, compliance with
regulations, proper maintenance, cost-effectiveness,
environmental care, quality control, and adherence to
insurance requirements. BARC 2–5 bleeding events

included any overt sign of hemorrhage, while BARC 3–5
bleeding events included overt bleeding plus a hemoglo-
bin drop of 3 to 5 g/dL or intracranial hemorrhage (severe
bleeding) (28).

Several limitations in the current study should not be
ignored: 1) although this was a large-scale research, the low
incidence of NACEs, MACCEs, and bleeding events led to
low statistical power; 2) the retrospective and single-center
nature of the study; 3) the short follow-up; 4) the different
number of patients in the bivalirudin and heparin groups.

In conclusion, bivalirudin exhibited a better tolerance
compared to heparin among Chinese STEMI patients
undergoing PCI.
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