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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 PCI who used bivalirudin (bivalirudin 
group, N = 493) or heparin (heparin group, N = 793) as anticoagulants.  Net adverse clinical events 
(NACEs) (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 = 0.001) 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 
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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/IIIa 
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 (MACCEs), 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, PCI-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 GPI.  
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 t-test, Mann-Whitney U test, or 
χ2 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).

Characteristics Heparin group
(N = 793)

Bivalirudin group
(N = 493) P value

Age (years), mean ± SD 73.6 ± 6.1 73.4 ± 5.9 0.611
Female, n (%) 317 (40.0) 180 (36.5) 0.215
BMI (kg/m2), mean ± SD 24.6 ± 3.0 24.8 ± 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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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).

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).

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.
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Influencing factors for MACCEs in elderly patients treated 
with PCI

Bivalirudin (vs. heparin) was not associated with 
MACCEs (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).

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) 

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).
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(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 MACCEs 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 
PCI.

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

coronary intervention (PCI).
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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 

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

coronary intervention (PCI).
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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 

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).
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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 
NACEs 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 NACEs, 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.

Conflict of Interest
The authors declare no conflict of interest.

References
Akbari, T. & Al-Lamee, R. (2022)  Percutaneous coronary inter-

vention in multi-vessel disease.  Cardiovasc. Revasc. Med., 
44, 80-91.

Al-Lamee, R.K., Nowbar, A.N. & Francis, D.P. (2019)  Percuta-
neous coronary intervention for stable coronary artery disease.  
Heart, 105, 11-19.

Ali-Hassan-Sayegh, S., Mirhosseini, S.J., Shahidzadeh, A., 
Mahdavi, P., Tahernejad, M., Haddad, F., Lotfaliani, M.R., 
Sabashnikov, A. & Popov, A.F. (2016)  Administration of low 
molecular weight and unfractionated heparin during percuta-
neous coronary intervention.  Indian Heart J., 68, 213-224.

Beurskens, D.M.H., Huckriede, J.P., Schrijver, R., Hemker, H.C., 
Reutelingsperger, C.P. & Nicolaes, G.A.F. (2020)  The antico-
agulant and nonanticoagulant properties of heparin.  Thromb. 
Haemost., 120, 1371-1383.

Bhatty, S., Ali, A., Shetty, R., Sumption, K.F., Topaz, O. & Jovin, 
I.S. (2014)  Contemporary anticoagulation therapy in patients 
undergoing percutaneous intervention.  Expert Rev. Cardio-
vasc. Ther., 12, 451-461.

Capodanno, D., Bhatt, D.L., Gibson, C.M., James, S., Kimura, T., 
Mehran, R., Rao, S.V., Steg, P.G., Urban, P., Valgimigli, M., 
Windecker, S. & Angiolillo, D.J. (2022)  Bleeding avoidance 
strategies in percutaneous coronary intervention.  Nat. Rev. 
Cardiol., 19, 117-132.

Choi, K.H., Park, Y.H., Song, Y.B., Park, T.K., Lee, J.M., Yang, 
J.H., Choi, J.H., Choi, S.H., Oh, J.H., Chun, W.J., Jang, W.J., 
Im, E.S., Jeong, J.O., Cho, B.R., Oh, S.K., et al. (2022)  Long-
term effects of P2Y12 inhibitor monotherapy after percuta-
neous coronary intervention: 3-year follow-up of the SMART-
CHOICE randomized clinical trial.  JAMA Cardiol., 7, 1100-
1108.

Duband, B., Souteyrand, G., Clerc, J.M., Chassaing, S., Fichaux, 
O., Marcollet, P., Deballon, R., Roussel, L., Pereira, B., Collet, 
J.P., Commeau, P., Cayla, G., Koning, R., Motreff, P., 
Benamer, H., et al. (2023)  Prevalence, management and 
outcomes of percutaneous coronary intervention for coronary 
in-stent restenosis: insights from the France PCI registry.  
Cardiovasc. Revasc. Med., 52, 39-46.

Fach, A., Backhaus, T., Schmucker, J., Zabrocki, R., Garstka, D., 
Stehmeier, J., Fiehn, E., Hambrecht, R. & Wienbergen, H. 
(2017)  Bivalirudin versus heparin and provisional GP IIb/IIIa 
inhibitors in patients treated for ST-segment elevation myocar-
dial infarctions: comparison of outcomes in a “real-world” 
setting.  J. Interv. Cardiol., 30, 301-308.

Fadah, K., Hechanova, A. & Mukherjee, D. (2022)  Epidemiology, 
pathophysiology, and management of coronary artery disease 
in the elderly.  Int. J. Angiol., 31, 244-250.

Gabriel, S., Herepath, M., Zhang, X., Were, J.J., Ruzangi, J. & 
O’Connell, S.P. (2021)  Clinical burden of MACE in patients 
with multivessel disease during the early period following 
acute myocardial infarction.  Eur. Heart J., 42, ehab724.1330.

Gargiulo, G., Carrara, G., Frigoli, E., Vranckx, P., Leonardi, S., 
Ciociano, N., Campo, G., Varbella, F., Calabro, P., Garducci, 
S., Iannone, A., Briguori, C., Ando, G., Crimi, G., Limbruno, 
U., et al. (2018)  Bivalirudin or heparin in patients undergoing 
invasive management of acute coronary syndromes.  J. Am. 
Coll. Cardiol., 71, 1231-1242.

Guo, L., Lv, H.C. & Huang, R.C. (2020)  Percutaneous coronary 
intervention in elderly patients with coronary chronic total 
occlusions: current evidence and future perspectives.  Clin. 
Interv. Aging, 15, 771-781.

Han, Y., Guo, J., Zheng, Y., Zang, H., Su, X., Wang, Y., Chen, S., 
Jiang, T., Yang, P., Chen, J., Jiang, D., Jing, Q., Liang, Z., Liu, 
H., Zhao, X., et al. (2015)  Bivalirudin vs heparin with or 
without tirofiban during primary percutaneous coronary inter-
vention in acute myocardial infarction: the BRIGHT random-



Q. Li et al.124

ized clinical trial.  JAMA, 313, 1336-1346.
James, S., Koul, S., Andersson, J., Angeras, O., Bhiladvala, P., 

Calais, F., Danielewicz, M., Frobert, O., Grimfjard, P., 
Gotberg, M., Henareh, L., Ioanes, D., Jensen, J., Linder, R., 
Lindroos, P., et al. (2021)  Bivalirudin versus heparin mono-
therapy in ST-segment-elevation myocardial infarction.  Circ. 
Cardiovasc. Interv., 14, e008969.

Kawai, K., Virmani, R. & Finn, A.V. (2022)  In-stent restenosis.  
Interv. Cardiol. Clin., 11, 429-443.

Koeth, O., Gulba, D., Huber, K., Madsen, J.K., Darius, H., 
Schneider, S. & Zeymer, U.;  ImproveR investigator group 
(2013)  Independent predictors of bleeding complications in 
patients undergoing PCI with concomitant treatment with 
bivalirudin in clinical practice results from the ImproveR 
registry.  J. Cardiovasc. Pharmacol., 62, 507-511.

Lawton, J.S., Tamis-Holland, J.E., Bangalore, S., Bates, E.R., 
Beckie, T.M., Bischoff, J.M., Bittl, J.A., Cohen, M.G., 
DiMaio, J.M., Don, C.W., Fremes, S.E., Gaudino, M.F., Gold-
berger, Z.D., Grant, M.C., Jaswal, J.B., et al. (2022)  2021 
ACC/AHA/SCAI guideline for coronary artery revasculariza-
tion: executive summary: a report of the American College of 
Cardiology/American Heart Association Joint Committee on 
Clinical Practice Guidelines.  Circulation, 145, e4-e17.

Lee, C.J. & Ansell, J.E. (2011)  Direct thrombin inhibitors.  Br. J. 
Clin. Pharmacol., 72, 581-592.

Lee, M.S. & Kong, J. (2015)  Heparin: physiology, pharmacology, 
and clinical application.  Rev. Cardiovasc. Med., 16, 189-199.

Li, H., Jia, J. & Yang, Z. (2016)  Mini-mental state examination in 
elderly Chinese: a population-based normative study.  J. 
Alzheimers Dis., 53, 487-496.

Li, J., Liu, X., Ma, S., Na, K., Qi, Z., Xu, Y., Qiu, M., Han, Y. & 
Li, Y. (2022)  Effectiveness and safety of bivalirudin in elderly 
patients with coronary artery disease undergoing percutaneous 
coronary intervention: a real-world study.  Catheter. Cardio-
vasc. Interv., 99 Suppl 1, 1448-1455.

Liang, Z., Li, Y., Wang, J., Wang, D., Wang, S., Ma, L., Liu, H., 
Yang, L., Stone, G.W. & Han, Y. (2016)  The safety and effec-
tiveness of bivalirudin in female patients with acute myocar-
dial infarction undergoing primary angioplasty: a subgroup 
analysis of the BRIGHT trial.  Catheter. Cardiovasc. Interv., 
87 Suppl 1, 608-615.

Meng, S., Xu, J., Guo, L. & Huang, R. (2020)  Clinical outcomes 
of bivalirudin versus heparin in elderly patients undergoing 
percutaneous coronary intervention: a systematic review and 
meta-analysis of randomized controlled trials.  Cardiovasc. 
Drugs Ther., 34, 101-111.

Montinari, M.R. & Minelli, S. (2022)  From ancient leech to direct 
thrombin inhibitors and beyond: new from old.  Biomed. 
Pharmacother., 149, 112878.

Moussa, I.D., Mohananey, D., Saucedo, J., Stone, G.W., Yeh, R.W., 
Kennedy, K.F., Waksman, R., Teirstein, P., Moses, J.W. & 
Simonton, C. (2020)  Trends and outcomes of restenosis after 
coronary stent implantation in the United States.  J. Am. Coll. 
Cardiol., 76, 1521-1531.

Nair, R.M., Kumar, A., Huded, C.P., Johnson, M.J., Krishnaswamy, 
A., Lincoff, A.M., Menon, V., Meldon, S., Reed, G.W., 
Kralovic, D., Kapadia, S.R. & Khot, U. (2022)  Impact of 
in-hospital bleeding events on mortality in STEMI patients 
with radical PCI.  J. Am. Coll. Cardiol., 79, 935.

Navarese, E.P., Kowalewski, M., Andreotti, F., van Wely, M., 
Camaro, C., Kolodziejczak, M., Gorny, B., Wirianta, J., 
Kubica, J., Kelm, M., de Boer, M.J. & Suryapranata, H. (2014)  
Meta-analysis of time-related benefits of statin therapy in 
patients with acute coronary syndrome undergoing percuta-

neous coronary intervention.  Am. J. Cardiol., 113, 1753-1764.
Ng, V.G., Baumbach, A., Grinfeld, L., Lincoff, A.M., Mehran, R., 

Stone, G.W. & Lansky, A.J. (2016)  Impact of bleeding and 
bivalirudin therapy on mortality risk in women undergoing 
percutaneous coronary intervention (from the REPLACE-2, 
ACUITY, and HORIZONS-AMI Trials).  Am. J. Cardiol., 117, 
186-191.

Otaki, Y., Watanabe, T.W., Goto, J.G., Toshima, T.T., Wanezaki, 
M.W., Nishiyama, S.N., Tamura, H.T., Kato, S.K., Takahashi, 
H.T., Arimoto, T.A. & Watanabe, M.W. (2020)  The impact of 
emergent PCI on clinical outcome in AMI patients with out-
of-hospital cardiac arrest: the Yamagata AMI registry.  Eur. 
Heart J., 41, ehaa946.1333.

Patel, H., Garris, R., Bhutani, S., Shah, P., Rampal, U., Vasudev, R., 
Melki, G., Ghalyoun, B.A., Virk, H., Bikkina, M. & Shamoon, 
F. (2019)  Bivalirudin versus heparin during percutaneous 
coronary intervention in patients with acute myocardial infarc-
tion.  Cardiol. Res., 10, 278-284.

Pishko, A.M., Lefler, D.S., Gimotty, P., Paydary, K., Fardin, S., 
Arepally, G.M., Crowther, M., Rice, L., Vega, R., Cines, D.B., 
Guevara, J.P. & Cuker, A. (2019)  The risk of major bleeding 
in patients with suspected heparin-induced thrombocytopenia.  
J. Thromb. Haemost., 17, 1956-1965.

Rao, S.V., Dai, D., Subherwal, S., Weintraub, W.S., Brindis, R.S., 
Messenger, J.C., Lopes, R.D. & Peterson, E.D. (2012)  Asso-
ciation between periprocedural bleeding and long-term 
outcomes following percutaneous coronary intervention in 
older patients.  JACC Cardiovasc. Interv., 5, 958-965.

Robertson, L., Ghouri, M.A. & Kovacs, F. (2012)  Antiplatelet and 
anticoagulant drugs for prevention of restenosis/reocclusion 
following peripheral endovascular treatment.  Cochrane Data-
base Syst. Rev., 2012, CD002071.

Siontis, G.C., Piccolo, R., Praz, F., Valgimigli, M., Raber, L., 
Mavridis, D., Juni, P. & Windecker, S. (2016)  Percutaneous 
coronary interventions for the treatment of stenoses in small 
coronary arteries: a network meta-analysis.  JACC Cardio-
vasc. Interv., 9, 1324-1334.

Steg, P.G., van ’t Hof, A., Hamm, C.W., Clemmensen, P., Lapos-
tolle, F., Coste, P., Ten Berg, J., Van Grunsven, P., Eggink, 
G.J., Nibbe, L., Zeymer, U., Campo dell’ Orto, M., Nef, H., 
Steinmetz, J., Soulat, L., et al. (2013)  Bivalirudin started 
during emergency transport for primary PCI.  N. Engl. J. Med., 
369, 2207-2217.

Stone, G.W., Witzenbichler, B., Guagliumi, G., Peruga, J.Z., 
Brodie, B.R., Dudek, D., Kornowski, R., Hartmann, F., Gersh, 
B.J., Pocock, S.J., Dangas, G., Wong, S.C., Kirtane, A.J., 
Parise, H., Mehran, R., et al. (2008)  Bivalirudin during 
primary PCI in acute myocardial infarction.  N. Engl. J. Med., 
358, 2218-2230.

Tsai, I.T., Wang, C.P., Lu, Y.C., Hung, W.C., Wu, C.C., Lu, L.F., 
Chung, F.M., Hsu, C.C., Lee, Y.J. & Yu, T.H. (2017)  The 
burden of major adverse cardiac events in patients with coro-
nary artery disease.  BMC Cardiovasc. Disord., 17, 1.

Vandermolen, S., Abbott, J. & De Silva, K. (2015)  What’s age got 
to do with it? A review of contemporary revascularization in 
the elderly.  Curr. Cardiol. Rev., 11, 199-208.

Zhang, Y., Zhang, Y., Chang, C., Yan, S., Chen, Z., Zhang, L., 
Chen, K. & Liu, G. (2021)  Efficacy and safety of bivalirudin 
during percutaneous coronary intervention in chronic total 
occlusion: a retrospective study.  Clin. Ther., 43, 844-851.

Zhao, J., Wang, X., Wang, H., Zhao, Y. & Fu, X. (2020)  Occur-
rence and predictive factors of restenosis in coronary heart 
disease patients underwent sirolimus-eluting stent implanta-
tion.  Ir. J. Med. Sci., 189, 907-915.


