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Bivalirudin versus Heparin on Net Adverse Clinical Events,
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Bivalirudin as an anticoagulant reduces bleeding after percutaneous coronary intervention (PCI), while its
impact in elderly Chinese patients treated with PCI needs more evidence. This study aimed to compare
the clinical outcomes between bivalirudin and heparin in elderly Chinese patients treated with PCI. This
cohort study retrieved data of 1,286 elderly patients treated with PCIl who used bivalirudin (bivalirudin
group, N = 493) or heparin (heparin group, N = 793) as anticoagulants. Net adverse clinical events
(NACESs) (primary endpoint), major adverse cardiac and cerebral events (MACCEs), bleeding, and major
bleeding within 30 days after PCI treatment were recorded for analysis. Our study illustrated that NACEs
(12.4% vs. 17.4%, P = 0.015), bleeding (6.7% vs. 12.1%, P = 0.002), and major bleeding (2.2% vs. 6.6%, P
< 0.001) were fewer in bivalirudin group compared to heparin group. No difference was found in MACCEs
(7.5% vs. 9.6%, P = 0.200), and incidences of all-cause mortality (P = 0.257), cardiac mortality (P = 0.504),
recurrent myocardial infarction (P = 0.423), ischemia-driven revascularization (P = 0.509), and stroke (P =
0.467), between bivalirudin group and heparin group. According to univariate logistic regression analyses,
bivalirudin (vs. heparin) correlated with fewer NACEs (P = 0.016), bleeding (P = 0.002), and major bleeding
(P =10.001) in elderly patients treated with PCI, but not MACCEs (P = 0.202). After adjustment, bivalirudin
(vs. heparin) was an independent factor for fewer NACEs [odds ratio (OR): 0.619, P = 0.009], bleeding (OR:
0.499, P = 0.003), and major bleeding (OR: 0.342, P = 0.003) in these patients. In summary, bivalirudin
achieves fewer NACEs, bleeding, and major bleeding, but not MACCEs, versus heparin in elderly patients
treated with PCI, which is verified in the multivariate model.
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Introduction

Percutaneous coronary intervention (PCI) is a crucial
treatment for revascularization in cardiovascular diseases,
such as acute coronary syndromes (ACS), ST segment ele-
vation myocardial infarction (STEMI), acute myocardial
infarction (AMI), etc. (Lawton et al. 2022). PCI unblocks
stenotic or even occluded coronary arteries to improve
myocardial perfusion, alleviate angina, and reduce acute
death in these patients (Siontis et al. 2016; Al-Lamee et al.

2019; Otaki et al. 2020; Akbari and Al-Lamee 2022).
Nevertheless, elderly patients (age > 65 years) may experi-
ence more extensive acute coronary disease, heightened
ischemic burden, increased cardiovascular event risks,
frailty, and enhanced prevalence of other chronic diseases,
and therefore, they may have elevated surgical difficulties
during PCI and increased adverse events after PCI (Guo et
al. 2020). In-stent restenosis (ISR) is a major adverse out-
come caused by post-PCI thrombotic events; and elderly
patients, especially those with metabolic disease, frequently

Received August 9, 2023; revised and accepted October 1, 2023; J-STAGE Advance online publication October 12, 2023
Correspondence: Lingxiao Duan, Department of Critical Care Medicine, The Affiliated Hospital, Southwest Medical University, No. 25,

Taiping Road, Luzhou, Sichuan 646000, China.
E-mail: duan93744693@163.com

©2024 Tohoku University Medical Press. This is an open-access article distributed under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License (CC-BY-NC-ND 4.0). Anyone may download, reuse, copy, reprint, or
distribute the article without modifications or adaptations for non-profit purposes if they cite the original authors and source properly.

https://creativecommons.org/licenses/by-nc-nd/4.0/



116 Q. Lietal.

receive repeat PCI and commonly have poor prognosis pos-
sibly due to ISR (Moussa et al. 2020; Kawai et al. 2022;
Duband et al. 2023). Anticoagulants, including thrombin
inhibitors, vitamin K antagonists, novel oral anticoagulants,
and antiplatelet drugs, are thus recommended for thrombo-
sis prevention and ISR reduction following PCI (Robertson
et al. 2012). However, using anticoagulants possibly
increases the risk of bleeding, which is associated with
post-PCI mortality in elderly patients (Rao et al. 2012; Nair
et al. 2022). Thus, it is critical to find anticoagulants that
strike a balance between treatment efficacy and bleeding
risk in elderly patients treated with PCI (Bhatty et al. 2014).
Heparin is one of the most popular anticoagulants to reduce
the risk of thrombosis in surgical settings (Lee and Kong
2015). It complexes with antithrombin III to inhibit throm-
bin and suppress coagulation factor Xa, resulting in a potent
anticoagulant effect (Lee and Kong 2015; Beurskens et al.
2020). Due to the good efficacy in reducing the risk of
thrombotic complications, heparin has been recommended
for PCI, usually in combination with glycoprotein IIb/Illa
inhibitors (GPIs) in elderly patients (Lawton et al. 2022).
In contrast, heparin has some shortcomings, including the
nonlinear pharmacokinetic characteristics, and inducing
bleeding-associated thrombocytopenia and other adverse
events (Lee and Kong 2015; Pishko et al. 2019; Beurskens
et al. 2020).

Bivalirudin is a direct thrombin inhibitor (DTI) with a
relatively wider therapeutic index property than heparin and
reversible binding to thrombin, which is approved as an
anticoagulant for PCI (James et al. 2021; Zhang et al. 2021;
Capodanno et al. 2022; Lawton et al. 2022; Montinari and
Minelli 2022). For instance, one study indicates that bivali-
rudin reduces stent thrombosis in STEMI patients with PCI
compared to heparin (James et al. 2021). Another study
elucidates that bivalirudin exhibits comparative efficacy
compared to unfractionated heparin (UFH) in chronic total
occlusion (CTO) patients undergoing PCI (Zhang et al.
2021). Notably, bivalirudin also reduces incidence of
bleeding in patients with PCI according to many studies
(Stone et al. 2008; Koeth et al. 2013; Fach et al. 2017,
Gargiulo et al. 2018). For example, a cohort study shows
that using bivalirudin is associated with less bleedings com-
pared to heparin in STEMI patients with PCI (Fach et al.
2017). According to a randomized controlled study, bivali-
rudin decreases 30-day rate of major bleeding compared
with heparin plus GPIs in STEMI patients with primary PCI
(Stone et al. 2008). Another clinical study indicates that
bivalirudin realized fewer bleeding complications in elderly
patients undergoing PCI versus (vs.) heparin (Koeth et al.
2013). Nonetheless, few study has investigated the role of
bivalirudin in elderly Chinese patients treated with PCI.

This study aimed to comprehensively compare the
impact between bivalirudin and heparin on net adverse clin-
ical events (NACEs), major adverse cardiac and cerebral
events (MACCESs), and bleeding events in elderly Chinese
patients treated with PCI.

Methods

Patients

This cohort study retrospectively retrieved 1,286
elderly patients treated with PCI using bivalirudin or hepa-
rin [low molecular weight heparin (LMWH) or UFH] as
anticoagulants at our hospital from April 2019 to March
2023. The screening criteria were: i) aged more than 65
years old (Li et al. 2016); ii) underwent primary PCI using
bivalirudin or heparin (LMWH or UFH) as anticoagulants;
iii) had complete clinical data for study analysis. The
exclusion criteria were: i) had cancers or hematological
malignant diseases; ii) had histories of bleeding diathesis,
coagulopathy, or heparin-induced thrombocytopenia; iii)
had histories of intracerebral mass, aneurysm, arteriovenous
malformation, or hemorrhagic stroke. = The Ethics
Committee of The Affiliated Hospital, Southwest Medical
University gave their approval to this study. Patients or
their families provided informed consent.

Data collection

Age, sex, body mass index (BMI), hypertension, dia-
betes mellitus, cardiac surgery, clinical manifestation, Can
Rapid risk stratification of Unstable angina patients
Suppress Adverse outcomes with Early implementation of
the ACC/AHA guidelines (CRUSADE) score, operative
timing, and lesion vessel were obtained from the Electronic
Medical Record. Besides, PCl-related information was col-
lected, including PCI type, stent diameter, and stent length
(total). Additionally, bivalirudin or heparin (LMWH or
UFH) were used as anticoagulants. The dosage of bivaliru-
din was 0.75 mg/kg of body weight as first dose, followed
by 1.75 mg/kg per hour for at least 4 hours after PCI. The
dosage of LMWH was 0.5 mg/kg. The dosage of UFH was
70-100 IU/kg without a GPI or 50-70 IU/kg with a GPL
The anticoagulant and glycoprotein inhibitor choice were
non-intervene, which was according to the patient’s disease
condition. The detailed regimens of bivalirudin and heparin
(LMWH or UFH) were the same as in previous studies
(Steg et al. 2013; Ali-Hassan-Sayegh et al. 2016).

Groups

Patients who were administrated with bivalirudin were
defined as the bivalirudin group (N = 493), while patients
who were administrated with heparin were defined as the
heparin group (N = 793). In 793 patients who received
heparin, there were 544 (68.6%) patients administrated with
LMWH and 249 (31.4%) patients administrated with UFH.

Evaluations and definitions

NACEs, MACCEs, bleeding, and major bleeding
within 30 days after PCI treatment were recorded for analy-
sis. The bleeding was defined as the Bleeding Academic
Research Consortium (BARC) types 2-5, and the major
bleeding was defined as BARC types 3-5 (Choi et al. 2022).
The MACCEs involved all-cause mortality, cardiac mortal-
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ity, recurrent myocardial infarction (MI), ischemia-driven
target vessel revascularization, and stroke (Navarese et al.
2014). The NACEs contained bleeding and MACCEs.

Statistical analyses

SPSS v.26.0 (IBM, Armonk, NY, USA) was used for
data analysis. The student #-test, Mann-Whitney U test, or
x* test was used for comparison analysis as appropriate.
The univariate and multivariate logistic regression analyses
were used for screening factors related to risks of NACEs,
MACCEs, bleeding, or major bleeding. The forward-step
method was used in the multivariate analysis. P < 0.05
indicated significance.

Results

Clinical characteristics of elderly patients treated with PCI

The mean age of heparin group and bivalirudin group
was 73.6 + 6.1 years and 73.4 + 5.9 years (mean + SD),
correspondingly. There were 317 (40.0%) females in hepa-
rin group and 180 (36.5%) females in bivalirudin group.
All clinical characteristics [including age, sex, BMI, hyper-

tension, diabetes mellitus, cardiac surgery, clinical manifes-
tation, CRUSADE score, CRUSADE high risk, operative
timing, lesion vessel, PCI type, stent diameter, and stent
length (total)] were of no difference between heparin group
and bivalirudin group (all P> 0.050) (Table 1).

Comparison of NACEs (primary endpoint), MACCEs,
bleeding, and major bleeding incidences between bivalirudin
group and heparin group

Incidence of NACEs was decreased in bivalirudin
group compared to heparin group (12.4% vs. 17.4%, P =
0.015) (Fig. 1A). No difference was seen in MACCE inci-
dence between bivalirudin group and heparin group (7.5%
vs. 9.6%, P = 0.200) (Fig. 1B). Bleeding incidence was
reduced in bivalirudin group than that in heparin group
(6.7% vs. 12.1%, P = 0.002) (Fig. 1C). Meanwhile, inci-
dence of major bleeding was descended in bivalirudin
group compared to heparin group (2.2% vs. 6.6%, P <
0.001) (Fig. 1D).

Table 1. Clinical characteristics of patients with percutaneous coronary intervention (PCI).

Heparin group

Bivalirudin group

Characteristics (N =793) (N = 493) P value
Age (years), mean + SD 73.6 £ 6.1 73.4+59 0.611
Female, n (%) 317 (40.0) 180 (36.5) 0.215
BMI (kg/m?), mean + SD 24.6+3.0 248+3.2 0.573
Hypertension, n (%) 589 (74.3) 367 (74.4) 0.947
Diabetes mellitus, n (%) 218 (27.5) 125 (25.4) 0.400
Cardiac surgery, n (%) 73(9.2) 48 (9.7) 0.751
Clinical manifestation, n (%) 0.364
UA 254 (32.1) 162 (32.9)
SCAD 92 (11.6) 51(10.3)
NSTEMI 108 (13.6) 83 (16.8)
STEMI 339 (42.7) 197 (40.0)
CRUSADE score, median (IQR) 33.0 (25.0-42.0) 32.0 (24.0-40.0) 0.171
CRUSADE high risk, n (%) 215 (27.5) 119 (24.4) 0.226
Operative timing, n (%) 0.952
Elective operation 463 (58.4) 287 (58.2)
Emergency operation 330 (41.6) 206 (41.8)
Lesion vessel, n (%) 0.745
Single 619 (78.1) 381(77.3)
Multiple 174 (21.9) 112 (22.7)
PCI type, n (%) 0.089
Stent implantation 756 (95.3) 459 (93.1)
Balloon dilatation 37 (4.7) 34 (6.9)
Stent diameter (mm), median (IQR) 3.0 (3.0-3.5) 3.0 (2.8-3.5) 0.669
Stent length (total) (mm), median (IQR) 33.0(23.0-38.0) 33.0(23.0-38.0) 0.854

SD, standard deviation, BMI, body mass index; UA, unstable angina; NSTEMI, non-ST-elevation myocardial
infarction; SCAD, spontaneous coronary artery dissection; STEMI, ST-elevation myocardial infarction; IQR,
interquartile range; CRUSADE, Can Rapid risk stratification of Unstable angina patients Suppress Adverse
outcomes with Early implementation of the ACC/AHA guidelines; PCI, percutaneous coronary intervention.
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Fig. 1. Incidences of net adverse clinical events (NACEs), bleeding, and major bleeding were declined in heparin group vs.

bivalirudin group.
Comparison of NACEs (A), major adverse cardiac and cerebral events (MACCEs) (B), bleeding (C), and major bleeding (D)
incidences between bivalirudin and heparin in elderly patients treated with percutaneous coronary intervention (PCI).

101 mm Heparin group (N = 793)
I Bivalirudin group (N = 493)

Patients (%)

All-cause Cardiac
mortality mortality

Recurrent Ischemia-driven ~ Stroke

Ml revascularization

All-cause Cardiac Recurrent Ischemia-driven
mortality mortality

o Stroke
Mi revascularization

Heparin group, n (%) 47 (5.9) 35(4.4)
Bivalirudin group, n (%) 22 (4.5) 18 (3.7)

18 (23)  15(1.9) 16 (2.0)
8(1.8)  12(24) 13 (2.6)

Fig. 2. Major adverse cardiac and cerebral events (MACCEs) were of no difference in heparin group versus bivalirudin

group.

Comparison of MACCEs between bivalirudin and heparin in elderly patients treated with percutaneous coronary

intervention (PCI). MI, myocardial infarction.

Comparison of MACCEs between bivalirudin group and
heparin group

No difference was found in all-cause mortality (5.9%
vs. 4.5%, P =0.257), cardiac mortality (4.4% vs. 3.7%, P =
0.504), recurrent MI (2.3% vs. 1.6%, P = 0.423), ischemia-
driven revascularization (1.9% vs. 2.4%, P = 0.509), or
stroke (2.0% vs. 2.6%, P = 0.467) between bivalirudin
group and heparin group. The detailed information was
listed in Fig. 2.

Influencing factors for NACEs in elderly patients treated
with PCI

Bivalirudin (vs. heparin) (P = 0.016) was correlated
with fewer NACEs, while age > 75 years (P < 0.001),

female (vs. male) (P = 0.026), SCAD (vs. UA) (P <0.001),
NSTEMI (vs. UA) (P = 0.008), STEMI (vs. UA) (P =
0.003), CRUSADE high risk (P = 0.030), emergency opera-
tion (vs. elective operation) (P < 0.001), and multiple vessel
lesion (vs. single vessel lesion) (P = 0.047) were related to
higher NACE incidence (Fig. 3A). Further multivariate
logistic regression analysis indicated that bivalirudin (vs.
heparin) [odds ratio (OR): 0.619, P = 0.009] was an inde-
pendent factor for fewer NACEs, whereas age > 75 years
(OR: 1.851, P <0.001), female (vs. male) (OR: 1.419, P =
0.040), emergency operation (vs. elective operation) (OR:
2.459, P < 0.001), and multiple vessel lesion (vs. single
vessel lesion) (OR: 1.702, P = 0.008) were independent fac-
tors for higher NACE incidence (Fig. 3B).
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A Univariate logistic regression analysis for NACEs
Factors P value OR (95%Cl)
Treatment, bivalirudin vs. heparin ~ 0-016  0.670 (0.484-0.928)
Age 275 years, yes vs. no <0.001 1.948 (1.436-2.642)
Sex, female vs. male 0.026 1.413 (1.042-1.917)
BMI 228 kg/m?, yes vs. no 0217 1.291 (0.861-1.937)
Hypertension, yes vs. no 0.110  1.347 (0.934-1.943) .
Diabetes mellitus, yes vs. no 0.058 1.373 (0.990-1.904)
Cardiac surgery, yes vs. no 0.327 0.754 (0.430-1.325)
Clinical manifestation
UA Reference
SCAD <0.001 2.567 (1.547-4.259)
NSTEMI 0.008 1.928 (1.183-3.145) -
STEMI 0.003  1.821(1.232-2.691)
CRUSADE high risk, yes vs. no 0.030 1.443(1.037-2.009) 53
Operative timing, emergency <0.001 2.113 (1.556-2.871)
operation vs. elective operation
Lesion vessel, multiple vs. single 0.047 1.415(1.004-1.994) -
PCI type, stent implantation 0497 0.806 (0.433-1.501)
vs. balloon dilatation
Stent diameter >3 mm, yesvs.no ~ 0.156  1.257 (0.916-1.725) .
Stent length >33 mm, yes vs. no 0.187  1.235(0.903-1.688) =
o 1 2 3 4 5
B Forward-step multivariate logistic regression analysis for NACEs
Factors P value OR (95%Cl)
Treatment, bivalirudin vs. heparin 0.009 0.619 (0.432-0.886) -
Age 275 years, yes vs. no <0.001 1.851(1.327-2.582)
Sex, female vs. male Operative 0.040  1.419 (1.015-1.982) .
timing, emergency operation vs.
elective operation <0.001 2.459 (1.739-3.478)
Lesion vessel, multiple vs. single 0.008 1.702 (1.150-2.518)
r T T T 1
0 1 2 3 4 5

. Heparin in PCI

Fig. 3. Bivalirudin was independently correlated with fewer net adverse clinical events (NACEs).

Univariate (A) and multivariate (B) logistic regression analysis for NACEs in elderly patients treated with percutaneous

coronary intervention (PCI).

Influencing factors for MACCEs in elderly patients treated
with PCI

Bivalirudin (vs. heparin) was not associated with
MACCESs (P = 0.202). While age > 75 years (P = 0.025),
female (vs. male) (P = 0.023), diabetes mellitus (P = 0.050),
SCAD (vs. UA) (P = 0.012), and multiple vessel lesion (vs.
single vessel lesion) (P = 0.005) were correlated with
higher MACCE incidence (Fig. 4A). After the adjustment
of multivariate logistic regression analysis, it was noticed
that age > 75 years (OR: 1.601, P = 0.024) and multiple
vessel lesion (vs. single vessel lesion) (OR: 1.747, P =
0.013) were independent factors for higher MACCE inci-
dence (Fig. 4B).
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Influencing factors for bleeding in elderly patients treated

with PCI

Bivalirudin (vs. heparin) (P = 0.002) was correlated
with fewer incidence of bleeding, while age > 75 years (P <
0.001), SCAD (vs. UA) (P = 0.002), NSTEMI (vs. UA) (P
= 0.001), STEMI (vs. UA) (P = 0.001), CRUSADE high
risk (P < 0.001), and emergency operation (vs. elective
operation) (P < 0.001) were related to higher incidence of
bleeding (Fig. 5A). Forward step multivariate logistic
regression analysis indicated that bivalirudin (vs. heparin)
(OR: 0.499, P =0.003) was an independent factor for fewer
incidence of bleeding. Contrarily, age > 75 years (OR:
1.969, P = 0.001), CRUSADE high risk (OR: 1.621, P =
0.025), and emergency operation (vs. elective operation)
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Factors P value
Treatment, bivalirudin vs. heparin ~ 0.202
Age 275 years, yes vs. no 0.025
Sex, female vs. male 0.023
BMI 228 kg/mz, yes vs. no 0.543
Hypertension, yes vs. no 0.116
Diabetes mellitus, yes vs. no 0.050
Cardiac surgery, yes vs. no 0.225
Clinical manifestation
UA Reference
SCAD 0.012
NSTEMI 0.873
STEMI 0.192
CRUSADE high risk, yes vs. no 0.149
Opera.tive timing, emergency 0.076
operation vs. elective operation
Lesion vessel, multiple vs. single 0.005
e g mpaion 0
Stent diameter >3 mm, yes vs. no  0.387
Stent length >33 mm, yes vs. no 0.197

Q. Lietal.

Univariate logistic regression analysis for MACCEs

OR (95%Cl)

0.765 (0.508-1.154) *
1.555 (1.056-2.290)

1.568 (1.065-2.310)

1.176 (0.698-1.980) -
1.473 (0.908-2.388) -
1.507 (1.001-2.268) -
0.613 (0.279-1.350)

2.170 (1.185-3.973)
1.056 (0.544-2.047) L
1.373 (0.852-2.211)
1.365 (0.894-2.084)
1.418 (0.964-2.088)
1.807 (1.190-2.742) ;
1.651 (0.591-4.614)
1.193 (0.800-1.777) .
1.296 (0.874-1.924) .

Forward-step multivariate logistic regression analysis for MACCEs

Factors P value

Age 275 years, yes vs. no 0.024

Lesion vessel, multiple vs. single 0.013

OR (95%Cl)
1.601 (1.063-2.413)

1.747 (1.125-2.710) .

Fig. 4. Bivalirudin was not associated with fewer major adverse cardiac and cerebral events (MACCE:).
Univariate (A) and multivariate (B) logistic regression analysis for MACCEs in elderly patients treated with percutaneous

coronary intervention (PCI).

(OR: 3.086, P < 0.001) were independent factors for higher
incidence of bleeding (Fig. 5B).

Influencing factors for major bleeding in elderly patients
treated with PCI

Bivalirudin (vs. heparin) (P = 0.001) was correlated
with fewer incidence of major bleeding, while age > 75
years (P < 0.001), diabetes mellitus (P = 0.038), NSTEMI
(vs. UA) (P = 0.034), STEMI (vs. UA) (P = 0.017),
CRUSADE high risk (P < 0.001), and emergency operation
(vs. elective operation) (P = 0.001) were related to higher
incidence of major bleeding (Fig. 6A). Moreover, bivaliru-
din (vs. heparin) (OR: 0.342, P = 0.003) was an indepen-
dent factor for fewer major bleeding incidence, whereas age

> 75 year (OR: 2.392, P = 0.003), CRUSADE high risk
(OR: 2.142, P =0.008), and emergency operation (vs. elec-
tive operation) (OR: 2.605, P = 0.001) were independent
factors for higher incidence of major bleeding (Fig. 6B).

Discussion

This study discovered that: (1) Bivalirudin realized
fewer NACEs, bleeding, and major bleeding compared to
heparin in elderly patients treated with PCI. (2) No differ-
ence was seen in MACCESs between bivalirudin and heparin
in elderly patients treated with PCI. (3) Bivalirudin was
independently correlated with fewer incidences of NACEs,
bleeding, and major bleeding in elderly patients treated with
PCIL.
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A Univariate logistic regression analysis for bleeding

Factors P value

Treatment, bivalirudin vs. heparin ~ 0.002

Age 275 years, yes vs. no <0.001
Sex, female vs. male 0.174
BMI 228 kg/mz, yes vs. no 0.287
Hypertension, yes vs. no 0.384
Diabetes mellitus, yes vs. no 0.112
Cardiac surgery, yes vs. no 0.498

Clinical manifestation

UA Reference
SCAD 0.002
NSTEMI 0.001
STEMI 0.001

CRUSADE high risk, yes vs. no  <0.001

Operative timing, emergency <0.001
operation vs. elective operation ’
Lesion vessel, multiple vs. single 0.460

PCl type, stent implantation 0.245
vs. balloon dilatation '

Stent diameter >3 mm, yes vs. no  0.064
Stent length >33 mm, yes vs. no 0.203

Forward-step multivariate logistic regression analysis for bleeding

Factors P value

Treatment, bivalirudin vs. heparin 0.003

Age 275 years, yes vs. no 0.001

CRUSADE high risk, yes vs. no 0.025

Operative timing, emergency

operation vs. elective operation <0.001

OR (95%Cl)

0.521 (0.345-0.787)
2.368 (1.632-3.436)
1.290 (0.894-1.862)
1.300 (0.802-2.107)
1.213 (0.786-1.871)
1.373 (0.929-2.030)
0.792 (0.403-1.554)

2.744 (1.438-5.236)
2.822 (1.555-5.122)
2.343 (1.415-3.879)
2.119 (1.452-3.094)
2.702 (1.852-3.941)
1.173 (0.768-1.791)
0.662 (0.331-1.327)
1.432 (0.979-2.096)
1.280 (0.876-1.870)

0 2 3 4 5 6
OR (95%Cl)
0.499 (0.317-0.786)
1.969 (1.307-2.968)
1.621 (1.064-2.470)
3.086 (2.043-4.663) .
0 2 3 4 5 6

Fig. 5. Bivalirudin was independently correlated with fewer bleeding.
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Univariate (A) and multivariate (B) logistic regression analysis for bleeding in elderly patients treated with percutaneous

coronary intervention (PCI).

Bivalirudin is an effective anticoagulant inhibiting
thrombin either free or bound to fibrin, while lowering
bleeding rates compared to heparin (Ng et al. 2016;
Gargiulo et al. 2018; Patel et al. 2019; Meng et al. 2020; Li
et al. 2022; Montinari and Minelli 2022). For example, one
study demonstrates that bivalirudin significantly reduces
bleeding complications than UFH in ACS patients receiving
PCI (10.8% vs. 12.2%) (Gargiulo et al. 2018). Another
meta-analysis for AMI patients with PCI shows that bivali-
rudin decreases major bleeding compared to heparin (2.3%
vs. 3.5%) (Patel et al. 2019). Concerning heightened surgi-
cal complexities during PCI attributed to age-related ana-
tomical and physiological changes, it is imperative to pay
more attention to the utilization of drugs for reducing risks

of adverse events in elderly patients (Guo et al. 2020). A
previous study indicates that bivalirudin realizes declined
bleeding vs. heparin in elderly patients with PCI (10.0% vs.
12.9%) (Li et al. 2022). Similarly, this study discovered
that bivalirudin realized fewer bleeding (6.7% vs. 12.1%)
and major bleeding (2.2% vs. 6.6%) compared to heparin in
elderly patients treated with PCI. The possible explanations
could be: (1) Due to the unique pharmacologic profile (a
fast onset of action, 25-minute half-life, not binding to
plasma proteins, linear pharmacokinetic and pharmacody-
namic features), bivalirudin could prevent excessive antico-
agulant effect (Lee and Ansell 2011; Meng et al. 2020;
Montinari and Minelli 2022). (2) Unlike heparin acting on
coagulation factors to inhibit thrombin, bivalirudin directly
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A

Factors P value
Treatment, bivalirudin vs. heparin 0.001
Age 275 years, yes vs. no <0.001
Sex, female vs. male 0.080
BMI 228 kg/m?, yes vs. no 0.501
Hypertension, yes vs. no 0.221
Diabetes mellitus, yes vs. no 0.038
Cardiac surgery, yes vs. no 0.974
Clinical manifestation
UA Reference
SCAD 0.101
NSTEMI 0.034
STEMI 0.017
CRUSADE high risk, yes vs. no ~ <0.001
Operative timing, emergency 0.001
operation vs. elective operation
Lesion vessel, multiple vs. single 0.217
PClI type, stent implantation 0.393
vs. balloon dilatation
Stent diameter >3 mm, yes vs. no  0.064
Stent length >33 mm, yes vs. no 0.107

B

Factors P value

Treatment, bivalirudin vs. heparin 0.003

Age 275 years, yes vs. no 0.003
CRUSADE high risk, yes vs. no 0.008
QOperative timing, emergen

P iladtilind 0.001

operation vs. elective operation

Q. Lietal.

Univariate logistic regression analysis for major bleeding

OR (95%Cl)
0.325 (0.168-0.630) -
2.992 (1.750-5.114) .
1.574 (0.948-2.613) .
1.260 (0.642-2.471) :
1.493 (0.786-2.837) .
1.744 (1.032-2.946) .
1.014 (0.428-2.404)

2.182 (0.860-5.537)
2.468 (1.069-5.699) .
2.338 (1.164-4.695)
3.315 (1.988-5.527)
2.374 (1.410-3.997) .
1.425 (0.812-2.503) .

0.662 (0.257-1.705)
1.648 (0.971-2.794) -
1.553 (0.909-2.651)

Forward-step multivariate logistic regression analysis for major bleeding

OR (95%Cl)
0.342 (0.169-0.690)
2.392 (1.342-4.262)
2.142 (1.222-3.755) .

2.605 (1.482-4.580)

Fig. 6. Bivalirudin was independently correlated with fewer major bleeding.
Univariate (A) and multivariate (B) logistic regression analysis for major bleeding in elderly patients treated with

percutaneous coronary intervention (PCI).

inhibited thrombin, reducing the interference of anticoagu-
lant (Lee and Kong 2015; Beurskens et al. 2020;
Capodanno et al. 2022; Montinari and Minelli 2022). (3)
With low immunogenic potential, bivalirudin avoided
immune-mediated thrombocytopenia, which further pre-
vented bleeding (Lee and Ansell 2011; Montinari and
Minelli 2022). Thereby, bivalirudin was correlated with
fewer bleeding and major bleeding compared to heparin in
elderly patients treated with PCI.

MACCE is a critical endpoint in patients treated with
PCI (Gabriel et al. 2021). In this study, MACCEs were of
no difference between bivalirudin and heparin in elderly
patients treated with PCI. The possible explanation could
be that the occurrence of MACCEs mainly depended on

disease burden and surgical implementation (Tsai et al.
2017; Zhao et al. 2020; Gabriel et al. 2021; Fadah et al.
2022), rather than the use of bivalirudin or heparin. Thus,
the similarity of aforementioned features resulted in similar
incidence of MACCEs between the two drugs in elderly
patients treated with PCI.

Bivalirudin results in fewer NACEs compared to hepa-
rin in patients treated with PCI, which is supported by sev-
eral studies (Stone et al. 2008; Han et al. 2015; Meng et al.
2020). According to a randomized controlled study, bivali-
rudin realizes lower 30-day rate of NACEs is in STEMI
patients with primary PCI than heparin plus GPIs (9.2% vs.
12.1%) (Stone et al. 2008). Another study indicates that the
use of bivalirudin realizes a decrement in NACEs compared
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to heparin in AMI patients undergoing primary PCI (8.8%
vs. 13.2%) (Han et al. 2015). This study displayed that
bivalirudin realized fewer NACEs compared to heparin in
elderly patients treated with PCI (12.4% vs. 17.4%). The
incidence of NACEs was elevated in this study than previ-
ous studies (Stone et al. 2008; Han et al. 2015), which could
be explained by the fact that patients in this study (73.4 +
5.9 years) were older than previous studies (57.3 £ 11.6
years) and were more likely to experience NACEs due to
extensive coronary artery disease and severe ischemic bur-
den (Guo et al. 2020). As NACEs included MACCEs and
bleeding, and MACCEs was of no difference between
bivalirudin group and heparin group, the reduction of
NACESs was mainly driven by reduction of bleeding due to
bivalirudin vs. heparin in elderly patients treated with PCI.

Moreover, this study used forward step logistic regres-
sion analysis to adjust the incidences of NACEs, MACCEs,
bleeding, and major bleeding in elderly patients treated with
PCI and discovered that bivalirudin was independently cor-
related with fewer incidences of NACE:s, bleeding, and
major bleeding in these patients. These findings provided
clinical evidence for the perioperative application of bivali-
rudin during in elderly patients treated with PCI who were
at a high risk of poor prognosis. Meanwhile, these findings
were also in accordance to previous studies (Koeth et al.
2013; Liang et al. 2016; Ng et al. 2016). Taking a random-
ized controlled study as an example, it reveals that bivaliru-
din is an independent protective factor for 30-day NACEs
in AMI patients with emergency PCI (Liang et al. 2016). A
multivariate regression analysis from one study elucidates
that bivalirudin is one of independent predictors of fewer
bleeding events in elderly patients with PCI (Koeth et al.
2013). In addition, age > 75 years was also independently
correlated with more incidences of NACEs, MACCEs,
bleeding, and major bleeding. The probable reason could
be that patients whose age >75 years were more likely to
have coronary calcification and multiple vessel lesions,
resulting in higher risks of adverse events (Vandermolen et
al. 2015).

There were some limitations in this study. To begin
with, this study was a single-center study, which might
result in selective bias. Secondly, this retrospective study
was not under the randomized, controlled settings (includ-
ing uncontrolled dosage and duration of medications), thus,
the confounding factors existed and internal validity was
not ensured. Finally, the 30-day follow-up of this study
was relatively short.

In summary, bivalirudin displays attenuated NACEs,
bleeding, and major bleeding, but not MACCEs compared
to heparin in elderly patients treated with PCI, providing
certain evidence-based basis for the use of bivalirudin in
elderly Chinese patients.
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