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Background: Bivalirudin is a common anticoagulant during percutaneous coronary
intervention (PCI); however, since its application in China, it still lacks comprehensive
evaluation of adverse events (AEs) or adverse drug reactions (ADRs) under the
real-clinical setting conditions with a large-sample-size population. Therefore, this
prospective, multi-center, intensive monitoring study aimed to comprehensively
investigate the occurrence and risk factors of AEs and ADRs during PCI with bivalirudin
as an anticoagulant.

Methods: A total of 3,049 patients who underwent PCI with bivalirudin as anticoagulant
from 27 Chinese medical centers were enrolled. Safety data (AEs/ADRs) were collected
from hospital admission to 72 h after bivalirudin administration; then, patients were
followed up at the 30th day with the safety data collected as well.

Results: A total of 414 (13.58%) patients occurred AEs, among which 31
(1.02%) cases suffered from severe AEs and 8 (0.26%) cases died due to
AEs. Importantly, 118 (3.87%) patients occurred bivalirudin related ADRs, among
which 7 (0.283%) cases suffered from severe ADRs while no case (0%) died
due to ADRs. Of note, 7 (0.23%) patients showed new ADRs, 34 (1.12%)
patients experienced bleeding, and 79 (2.59%) patients had thrombocytopenia.
Furthermore, age, renal function impairment, CRUSADE high risk stratification
independently correlated with total ADRs risk; CRUSADE high risk stratification,
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Safety of Bivalirudin During PCI

emergency operation, full dose bivalirudin independently associated with bleeding risk;
age, renal function impairment independently related to thrombocytopenia risk.

Conclusion:

Bivalirudin is well-tolerated as an anticoagulant for PCI procedure;

meanwhile, older age, renal function impairment, and CRUSADE high risk stratification
serve as independent risk factors of bivalirudin related ADRs.

Keywords: bivalirudin, percutaneous coronary intervention, adverse events, adverse drug reactions, bleeding and

thrombocytopenia

INTRODUCTION

Cardiovascular disease, as the most common cause of mobility
and mortality, is a critical issue affecting global human
health (1). Pleasingly, along the introduction and advancement
of percutaneous coronary intervention (PCI), the outcomes
and long-term prognosis of patients with cardiovascular
disease have been improved a lot, while its concomitant
complications still worry the physicians and patients (2, 3).
Among PCl-related complications, thrombotic complication
such as stent thrombosis, is one of the prior concerns to be
handled; then for years, unfractionated heparin (UFH) (with or
without glycoprotein IIb/IIIa inhibitors) was considered as the
anticoagulant choice during PCI, while it exhibits several limits:
unpredictability of biological efficiency, platelets activation,
heparin-induced thrombopenia, and bleeding (4-7). Therefore,
exploration of better adjunctive anticoagulant during PCI is of
great importance.

Bivalirudin, a synthetic analog of natural anticoagulant
hirudin which consists of 20 amino acid peptides, is an explicit
and irreversible thrombin inhibitor with concentration-
dependent competitive and non-competitive thrombin
repressing effect (8, 9). Unlike the UFH, bivalirudin not
only realizes expectable anticoagulant outcome with linear
pharmacokinetic and pharmacodynamic properties, it also
achieves quicker onset and has a shortened action period; but
also reduces the influence of platelet function and bleeding,
which makes it a potentially alternative option for anticoagulant
during PCI (8-12). Clinically, several randomized trials have
demonstrated the non-inferiority of bivalirudin vs. UFH plus
glycoprotein IIb/IIla inhibitors regrading ischemic events,
but the superiority of lower bleeding risk in PCI procedures
as anticoagulant (6, 12-14). However, since its application
in China, it still lacks comprehensive evaluation of adverse
events (AEs) or adverse drug reactions (ADRs) under the real-
clinical setting conditions with a larger-sample-size population,
especially for the exploration of severe, rare, or new ones;
furthermore, identification of their risk factors is deficient

as well.

Therefore, the current prospective,  multi-center,
intensive  monitoring  study enrolled 3,049 patients
who underwent PCI with bivalirudin as anticoagulant
from 27 Chinese medical centers, then aimed to
comprehensively investigate the occurrence and risk
factors of AEs and ADRs, especially for bleeding

and thrombocytopenia.

METHODS
Study Design

This was a prospective, multi-center, intensive monitoring study.
The case enrollment and information collection of this study
were carried out in 27 Chinese medical centers (shown in
Supplementary Table 1). In the whole process of the study, the
medication use and treatment of patients were determined by
attending physicians according to the actual clinical situation,
which were not interfered by the study. This study was approved
by the Ethics Committee of each participant center with those of
Beijing Anzhen Hospital Affiliated to Capital Medical University
(approval number: KS2019012) and Peking University People’s
Hospital (approval number: 2018PHA092-001) as the primary
Ethics Committees.

Patient Enroliment

This study was conducted between July 2018 and June 2019. To
observe a 0.1% incidence of ADRs (that was, ARDs occurred
in at least one or more cases), the required sample size was
3,000, with a power of 95%. A total of 3,050 patients were
recruited, among which, one patient was excluded subsequently
due to that the patient only received an angiography without
PCI. Finally, 3,049 patients who underwent PCI with bivalirudin
used as anticoagulant in the 27 medical centers were enrolled and
analyzed in the current study. The inclusion criteria were: (1)
underwent PCI or percutaneous coronary angioplasty (PTCA);
(2) using bivalirudin as anticoagulant; (3) age over 18 years; (4)
understand the study content and voluntarily participated in the
study. Patients without use of bivalirudin were excluded from
the study.

Clinical Data Collection

Clinical data were collected after hospital admission. The mainly
collected data covered the following: (1) basic information: age,
gender, height, and weight; (2) medical history: allergy, cardiac
surgery, critical respiratory disease, diabetes or thrombolysis,
and tumor; (3) renal function impairment and severity; (4)
clinical features: clinical presentation, CRUSADE score (Can
Rapid Risk Stratification of Unstable Angina Patients Suppress
Adverse Outcomes with Early Implementation of the ACC/AHA
Guidelines), and CRUSADE risk stratification; (5) PClI-related
information: timing limitation of operation (emergency or
elective), types of coronary interventional therapy, arterial access,
operative time, and time of bivalirudin infusion; (6) treatment:
full-dose use of bivalirudin, and glycoprotein IIb/IIIa inhibitor
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use; (7) Thrombolysis in Myocardial Infarction (TIMI) grade:
pre-procedure TIMI grade, and post-procedure TIMI grade.

Safety Data Collection

Safety data were collected from hospital admission to 72 h after
completion of bivalirudin administration. In addition, patients
were followed up at the 30th day, and the data were also collected
at that time. The primary safety data included any AEs, which
were required to be documented in detail during the period
of intensive monitoring. Classification of AEs was coded using
the Systematic Organ Classification (SOC) and Preferred Term
(PT) of the International Conference on the Coordination of
International Drug Registration (ICH) International Dictionary
of Medical Terms (MedDRA) 23.0. The intensive monitoring
ADRs were bleeding and thrombocytopenia, among which, the
bleeding was graded in terms of Bleeding Academic Research
Consortium (BARC) consensus classification criteria (15). All the
summaries of AEs were based on cases. If a case suffered from
the same AE repeatedly, the severity of the AE was calculated
according to the most serious one.

Definitions

AEs were defined as any unfavorable and unintended sign
(including 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.
Severe adverse events (SAEs) were defined as one of the following
events: (1) leading to death; (2) life-threatening consequences;
(3) leading to carcinogenesis, teratogenesis, and birth defects; (4)
leading to significant or permanent human disability or organ
function damage; (5) resulting in hospitalization or prolonged
length of stay; (6) leading to other important medical events, if
not treated, the above-listed conditions may occur. ADRs were
defined as the harmful reaction of qualified drugs which was
irrelevant to the purpose of medication under normal usage
and dosage. New ADRs were defined as the adverse reactions
not specified in the drug instructions. Moreover, if the nature,
extent, consequence, or frequency of adverse reactions were
inconsistent with the drug instructions but more serious than
those described in the instructions, they were also regarded as
new ADRs.

Statistical Analysis

SAS 9.4 (SAS Institute, Inc., Cary, NC) was applied to complete
data analysis. Continuous variables were expressed as mean
=+ standard deviation (SD), and categorical variables were
described as times, numbers, and percentages, as well as 95%
confidence intervals (CI). Summary of AEs and ADRs was
presented as number of times, incidence rate, and 95%CIL.
Detailed AEs, ADRs, and new ADRs in SOC were described
as the number of times and incidence rate. Incidence of ADRs
(Figure 1), bleeding events (Figure 2), and thrombocytopenia
(Figure 3) in different populations was checked by Chi-square
test or Fisher’s exact test (when the expected count was
less than 5). The crude odds ratio (OR) in Figures 1-3 was
estimated by univariate logistic regression model analysis, and
the corresponding adjusted OR was estimated by multivariate

logistic regression model analysis with all variables included in,
which were shown in a forest plot. A P < 0.05 was regarded as
significant significance.

RESULTS

Characteristics of Patients and PCI

Procedure

The enrolled patients exhibited a mean age of 64.78 &+ 11.39
years with 2,131 (69.89%) males and 918 (30.11%) females.
There were 1,244 (40.81%), 414 (13.58%), 1,034 (33.91%),
and 352 (11.54%) patients who showed clinical presentation
of ST-segment elevation myocardial infarction (STEMI), non-
ST-segment elevation myocardial infarction (NSTMI), unstable
angina (UA), and spontaneous coronary artery dissection
(SCAD), respectively; while 5 (0.16%) showed unknown
clinical presentation. Furthermore, CRUSADE risk stratification
identified 722 (23.68%), 1,014 (33.26%), 729 (23.91%), 342
(11.22%), 194 (6.36%), and 48 (1.57%) as very low risk, low
risk, moderate risk, high risk, very high risk, and unknown risk,
respectively. The detailed characteristics of patients are shown in
Table 1.

Regarding the characteristics of PCI, 1,351 (44.31%)
performed emergency operation while 1,698 (55.69%) performed
elective operation. Operative duration and duration of
bivalirudin infusion were 69.60 + 48.00min and 91.15 =+
77.40 min, respectively. Besides, 1,942 (63.69%) and 2,221
(72.84%) had full-dose use of bivalirudin and glycoprotein
IIb/11Ia inhibitor use, respectively. The detailed characteristics
of the PCI procedure are shown in Supplementary Table 2.
Furthermore, so as to clearly present the clinical administration
of bivalirudin in the current study, the detailed information was
also listed (Supplementary Table 3).

General Information of AEs and ADRs

A total of 414 (13.58%) patients occurred AEs, among which 31
(1.02%) cases suffered from SAEs and 8 (0.26%) cases died due
to AEs (Table 2). Importantly, regarding bivalirudin, a total of
118 (3.87%) patients occurred ADRs, among which 7 (0.23%)
cases suffered from SADRs while no case (0%) died due to ADRs
(Table 2). Furthermore, 7 (0.23%) patients showed new ADRs
of bivalirudin, 34 (1.12%) patients experienced bleeding, and 79
(2.59%) patients had thrombocytopenia.

Detailed AEs and ADRs Categorized by
System Organ Class (SOC)

The most common AEs were gastrointestinal disorders
(3.58%), general disorders and administration site conditions
(3.31%), respiratory, thoracic, and mediastinal disorders
(3.18%), then blood and lymphatic system disorders (2.66%)
(Supplementary Table 4). Meanwhile, the most prevalent
ADRs of bivalirudin were blood and lymphatic system

disorders  (2.62%), gastrointestinal  disorders  (0.69%),
investigations  (0.20%), then respiratory, thoracic, and
mediastinal ~ disorders  (0.16%) (Table 3).  Specifically,

the detailed information of total bleeding events and
bleeding events related to bivalirudin are presented in
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ADRs Crude Adjusted
Yes (%) No(%) OR(95%CI) P value OR (95%Cl) P value
Age (>75 years)
Yes 40(7.0) 528(93.0) 2.33(1.58-3.46) <0.001
No  78(3.1) 2403 (96.9)
Gender
Male 78(3.7) 2053(96.3) 0.83(0.57-1.23) 0.361 o
Female 40(4.4) 878 (95.6)
History of cardiac surgery
Yes 16(5.7) 267(94.3) 1.57(0.91-2.69) 0.105
No 102(3.7) 2664 (96.3)
History of critical respiratory disease
Yes 6(5.5) 103 (94.5) 1.47(0.63-3.42) 0371
No 112(3.8) 2828 (96.2)
History of diabetes or thrombolysis

1.71(1.08-2.69)  0.022
1.12(0.72-1.74) 0.621 H
1.32(0.71-2.44)  0.387 L

—a—
fo—y
o—t

1.25 (0.52-3.01) 0.618 ——
——

108 (4.2) 2476(95.8) 1.9 (1.03-3.82) 0.040
No 10(2.2) 455(97.8)
History of tumor
Yes 3(8.6) 32(914) 2.36(0.71-7.83) 0.159 H
No 115(3.8) 2899 (96.2)
Renal function impairment
No

1.57 (0.79-3.11)  0.199 H

2.16 (0.62-7.55)  0.230

——
L
et
I —
——
T
44(2.8) 1548 (97.2)
Mild  41(4.0) 979(96.0) 1.47(0.96-2.27) 0.079 e— 1.33(0.82-2.14)  0.248 H—
Moderate 24 (7.3) 304 (92.7) 2.78 (1.66-4.64) <0.001 —— 1.91(1.03-3.55)  0.041 P
Severe 9(12.0) 66(88.0) 4.80(2.25-10.24) <0.001 _— 3.17 (1.34-7.50)  0.009
CRUSADE high risk stratification
Yes 42(7.8) 494(92.2) 2.71(1.83-4.00) <0.001 ——
No  75(3.0) 2390 (97.0)
Operative timing
Emergency operation 57 (4.2) 1294 (95.8) 1.18 (0.82-1.71) 0.373 Ho—t
Elective operation 61 (3.6) 1637 (96.4)
Types of coronary interventional therapy
Stent implantation 113 (3.9) 2802 (96.1) 1.04 (0.42-2.59) 0.933 +—p—
Others  5(3.7) 129(96.3)
Radial artery access
Yes o
L
ot

1.77 (1.07-2.94)  0.027 —a—

1.31(0.87-1.98) 0.197 H—

1.56 (0.55-4.43)  0.408 —_——

108 (3.7) 2776(96.3) 0.60 (0.31-1.18) 0.138 +of
No 10(6.1) 155 (93.9)
Full-dose use of bivalirudin
Yes 74(3.8) 1868(96.2) 0.96(0.65-1.40) 0.821 ™
No 44 (4.0) 1063 (96.0)
Glycoprotein llb/llla inhibitor use

0.79 (0.38-1.62) 0.513 ——r—

1.43 (0.89-2.29) 0.138 H——

92(4.1) 2129(95.9) 1.33(0.86-2.08) 0.204
No 26(3.1) 802(96.9)

1.38 (0.84-2.27)  0.199 H——

01 3 6 9 12 0 1 2 4 6 8
FIGURE 1 | Logistic regression analyses for factors related to ADRS risk.
Bleeding events Crude Adjusted
Yes (%) No (%) OR (96%Cl) P value OR (95%Cl) P value
Age (>75 years)
Yes 11(1.9) 667(98.1) 2.11(1.02-4.36)  0.043 p——— 0.89 (0.35-2.29)  0.809 [l
No 23(0.9) 2458 (99.1)
Gender
Male 21(1.0) 2110(99.0) 0.69 (0.35-1.39)  0.301 o 0.93 (0.40-2.15)  0.864 o

Female 13(1.4) 905 (98.6)

History of cardiac surgery
Yes 2(0.7) 281(99.3) 0.61(0.16-2.55)  0.497 ot—it 0.45 (0.06-3.47)  0.443 e
No 32(1.2) 2734(98.8)

History of critical respiratory disease
Yes 2(1.8) 107(98.2) 1.70(0.40-7.18)  0.471 —_—— 2.03 (0.44-9.43)  0.366 Ho—t
No 32(1.1) 2908 (98.9)

History of diabetes or thrombolysis
28(1.1) 2556(98.9) 0.84(0.35-2.04)  0.696 4 — 0.84 (0.32-2.21)  0.730 "
No 6(1.3) 459(98.7)

History of tumor
Yes 34(49.3) 35(50.7)  0.00(0.00-0.00) 0990 0.00 (0.00-0.00)  0.987 o]
No 0(0.0) 2980(100.0)
Renal function impairment
No 14(0.9) 1578(99.1)

Mild  9(0.9) 1011(99.1) 1.00(0.43-2.33)  0.994 _— 1.07 (0.41-2.80)  0.897 H
Moderate  9(2.7)  319(97.3) 3.18 (1.37-7.41)  0.007 —_— 217 (0.71-6.64)  0.176 to—1
Severe  2(2.7) 73(97.3) 3.09(0.69-13.84) 0.141 2.37 (0.43-13.18)  0.325 Ho—
CRUSADE high risk stratification
Yes 16(3.0) 520(97.0) 4.43(2.22-8.83) <0.001 —_— 4.01(1.55-10.36)  0.004 ——

No 17(0.7) 2448 (99.3)

Operative timing
Emergency operation  25(1.9) 1326 (98.1) 3.54 (1.65-7.60)  0.001 —_— 3.41(1.35-8.61)  0.009 e
Elective operation  9(0.5) 1689 (99.5)

Types of coronary interventional therapy
Stent implantation  32(1.1) 2883 (98.9) 0.73 (0.17-3.09)  0.672 —ot——t 2.10(0.27-16.52)  0.482 Ho——i
Others  2(1.5) 132 (98.5)

Radial artery access
Yes 33(1.1) 2851(98.9) 1.90(0.26-13.96) 0.529 2.08 (0.27-15.88)  0.480 Ho——1
No 1(0.6) 164(99.4)

Full-dose use of bivalirudin
No 7(0.6) 1100(99.4)

(STEMI patients) Yes 16 (1.7) 919(98.3)  2.74(1.12-6.68)  0.027 p— 7.77 (1.59-38.11)  0.011
(Non-STEMI patients) Yes  11(1.1) 996 (98.9)  1.74 (0.67-4.49)  0.256 H—— 9.51(1.96-46.00)  0.005
Glycoprotein lib/llla inhibitor use
Yes 26(1.2) 2195(98.8) 1.21(0.65-2.69) 0.633 H—i 1.67 (0.69-4.02)  0.255 fo—t
No 8(1.0) 820(99.0)
-1 1 3 7 " 15 21 8 18 28 38 48

FIGURE 2 | Logistic regression analyses for factors predicting bivalirudin related bleeding events risk.

Supplementary Table 5. In addition, 6 patients experienced  (Supplementary Table 6). The detailed information of AEs,
one new ADR and 1 patient faced two new ADRs, ADRs, and new ADRs could be referred to Table3 and
resulting in 7 (0.23%) patients suffering from new ADRs  Supplementary Tables 4, 6, respectively.
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Thrombocytopenia Crude
Yes (%) No(%)  OR(35%Cl)

Age (>75 years)
Yes 27(48) 541(95.2) 2.33(1.45-3.75) <0.001

P value

No 52(2.1) 2429 (97.9)
Gender
Male 52(2.4) 2079 (97.6) 0.83(0.52-1.32) 0425
Female 27(2.9) 891(97.1)
History of cardiac surgery
Yes 14(49) 269(95.1) 2.16(1.20-391)  0.010
No 65(2.3) 2701(97.7)
History of critical respiratory disease
Yes 3(28) 106(97.2) 1.07(0.33-3.44) 0914
No 76(2.6) 2864 (97.4)
History of diabetes or thrombolysis
Yes 76(2.9) 2508 (97.1) 4.67 (1.47-14.85) 0.009
No 3(0.6) 462(99.4)
History of tumor
Yes 3(86) 32(914) 3.63(1.09-12.10) 0.036
No 76(2.5) 2938 (97.5)
Renal function impairment

=
o

25(1.6) 1567 (98.4)
Mild 32(3.1) 988(96.9) 203 (1.20-3.45) 0.009
Moderate 14(4.3) 314(95.7) 2.80(1.44-5.44) 0002

Adjusted
OR (95%Cl) P value
1.95(1.15-3.30)  0.013
1.14(0.67-1.93) 0.628 o

1.50(0.77-2.90)  0.231 H—

0.80 (0.24-2.67) 0.717 +ef——

3.17 (0.97-10.35)  0.055

2.65(0.74-9.44) 0.134

1.68 (0.95-2.99) 0.076
2.11(0.99-4.50)  0.052

Severe 8(10.7) 67(89.3) 7.48(3.25-17.21) <0.001
CRUSADE high risk stratification
Yes 26(4.9) 510(95.1) 2.32(1.44-3.75)  0.001
No 53(2.2) 2412(97.8)
Operative timing
Emergency operation 28 (2.1) 1323 (97.9) 0.68 (0.43-1.09)
Elective operation  51(3.0) 1647(97.0)
Types of coronary interventional therapy
Stent implantation 75 (2.6) 2840 (97.4) 0.86(0.31-2.38) 0.769 4
Others  4(3.0) 130 (97.0)
Radial artery access
Yes 70 (24) 2814(97.6) 0.43(0.21-0.88) 0.021  *4
No 9(55) 156(94.5)
Full-dose use of bivalirudin
Yes 43(2.2) 1899(97.8) 0.67(0.43-1.06) 0.085 I
No 36(3.3) 1071 (96.7)
Glycoprotein llb/llla inhibitor use
Yes 62(2.8) 2159(97.2) 1.37(0.80-2.36)  0.256
No 17(21) 811(97.9)

0.110 b

4.41 (1.70-11.46)  0.002

0.84 (0.50-1.39) 0.494  +9
0.93(0.32-2.69) 0.892
0.61(0.28-1.32)  0.209
0.97 (0.57-1.65)  0.902 e

— ——

——
1.42(0.77-2.60)  0.260 "

"

——

"

—

fo—i

1.23 (0.67-2.27)  0.500 H

FIGURE 3 | Logistic regression analyses for factors of bivalirudin related thrombocytopenia risk.

Risk Factors Related to ADRs

Univariate logistic regression model identified that age (>75
years), history of diabetes or thrombolysis, renal function
impairment (moderate or severe), and CRUSADE high risk
stratification correlated with increased ADRs occurrence
(Figure 1). Then after adjustment by multivariate logistic
regression model, age (>75 years) (OR 1.71, 95%CI 1.08-2.69; P
= 0.022), renal function impairment (moderate OR 1.91, 95%CI
1.03-3.55; P = 0.041) (severe OR 3.17, 95%CI 1.34-7.50; P =
0.009), and CRUSADE high risk stratification (OR 1.77, 95%CI
1.07-2.94; P = 0.027) were discovered to dependently relate to
ADRs occurrence (Figure 1).

Risk Factors of Bivalirudin Related
Bleeding Events

Univariate logistic regression model disclosed that age (>75
years), moderate renal function impairment, CRUSADE high
risk stratification, operative timing (emergency vs. elective),
and full dose use of bivalirudin in STEMI patients correlated
with increased bivalirudin related bleeding events occurrence
(Figure 2). After adjustment by multivariate logistic regression
model, CRUSADE high risk stratification (OR 4.01, 95%CI 1.55-
10.36; P = 0.004), operative timing (emergency vs. elective)
(OR 341, 95%CI 1.35-8.61; P = 0.009), full dose use of
bivalirudin (STEMI patients OR 7.77, 95%CI 1.59-38.11; P =
0.011) (Non-STEMI patients OR 9.51, 95%CI 1.96-46.00; P
= 0.005) independently correlated with increased bivalirudin
related bleeding events occurrence (Figure 2).

Risk Factors of Bivalirudin Related

Thrombocytopenia

Univariate logistic regression model exhibited that age (>75
years), history of cardiac surgery, history of diabetes or
thrombolysis, history of tumor, renal function impairment (mild,
moderate, or severe vs. no), CRUSADE high risk stratification,
and radial artery access correlated with thrombocytopenia risk
(Figure 3). Post adjustment via multivariate logistic regression
model, only age (>75 years) (OR 1.95, 95%CI 1.15-3.30; P =
0.013) and renal function impairment (severe OR 4.41, 95%CI
1.70-11.46; P = 0.002) were independently associated with
elevated thrombocytopenia risk (Figure 3).

DISCUSSIONS

Accumulating reports demonstrate that anticoagulant use of
bivalirudin during PCI is of very good tolerance, while some
minor AEs or ADRs still need attention, such as bleeding
(especially major bleeding), cardiac/cardiovascular events (such
as heart failure, cardiogenic shock, recurrent myocardial
infarction, etc.), cerebrovascular events (such as stroke, etc.),
stent thrombosis, and so on (16-21). It was reported that
bleeding events occur in 5.0-11.3% patients, among which major
bleeding events affect 0.9-7.8% patients who are undergoing
PCI with bivalirudin as anticoagulant (16, 19, 22). Furthermore,
safety related major adverse cardiac events (MACEs) appear
in 7.6-13.4% patients (17, 19); safety related stroke events
happen in 0.2-1.7% patients who perform bivalirudin-involving
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TABLE 1 | Clinical characteristics of participants.

TABLE 2 | Summary of AEs and ADRs.

Parameters Patients (N = 3,049)
Age (years), mean + SD 64.78 +£ 11.39
Gender, No. (%)

Male 2,131 (69.89)

Female 918 (30.11)
Height (cm)

Assessable, No. (%) 2,852 (93.54)

Mean + SD 165.25 + 8.28
Weight (kg)

Assessable, No. (%) 2,995 (98.22)

Mean + SD 66.35 + 11.56
History of allergy, No. (%) 274 (8.99)
History of cardiac surgery, No. (%) 283 (9.28)
History of critical respiratory disease, No. (%) 109 (8.57)
History of diabetes or thrombolysis, No. (%) 2,584 (84.75)
History of tumor, No. (%) 35 (1.15)
Renal function impairment, No. (%)

No 1,592 (52.21)

Mild 1,020 (33.45)

Moderate 328 (10.76)

Severe 75 (2.46)

Unknown 34 (1.12)
Clinical presentation, No. (%)

STEMI 1,244 (40.81)
NSTMI 414 (13.58)
UA 1,034 (33.91)
SCAD 352 (11.54)

Unknown 5(0.16)
CRUSADE score

Assessable, No. (%) 3,001 (98.43)

Mean + SD 29.42 +13.09
CRUSADE risk stratification, No. (%)

Very low risk 722 (23.68)

Low risk 1,014 (33.26)
Moderate risk 729 (23.91)
High risk 342 (11.22)
Very high risk 194 (6.36)

Unknown 48 (1.57)

SD, standard deviation; STEMI, ST-segment elevation myocardial infarction; NSTMI, non-
ST-segment elevation myocardial infarction; UA, unstable angina; SCAD, spontaneous
coronary artery dissection; CRUSADE, Can Rapid Risk Stratification of Unstable
Angina Patients Suppress Adverse Outcomes with Early Implementation of the
ACC/AHA Guidelines.

PCI procedure (16, 17, 22). In addition, 0.7-2.4% bivalirudin-
involving PCI treated patients suffer from stent thrombosis
events (19, 22, 23). However, the general, detailed evaluation of
AEs regarding bivalirudin application as anticoagulant in PCI
is still limited; not to mention that it also lacks comprehensive
assessment of AEs under the real-clinical setting conditions
with a large sample size population in China. In the current
prospective, multi-center, large sample size, intensive monitoring
study, we observed that 13.58% patients underwent PCI with

Items Number of Incidence, 95% ClI of
times no. (%) incidence
Adverse events (AEs)
Total AEs 829 414 (13.58) 12.38-14.84
SAEs 38 31(1.02) 0.69-1.44
Death due to AEs 9 8(0.26) 0.11-0.52
Adverse drug reactions (ADRs)
Total ADRs 130 118 (3.87) 3.21-4.62
SADRs 7 7(0.23) 0.09-0.47
Death due to ADRs 0 0 (0.00) -
New ADRs 8 7(0.23) 0.09-0.47
Bleeding 37 34 (1.12) 0.77-1.65
BARC type 0 1 1(0.08) 0.00-0.18
BARC type 1 29 27 (0.89) 0.58-1.29
BARC type 2 2 2(0.07) 0.01-0.24
BARC type 3a 5 4(0.13) 0.04-0.34
Thrombocytopenia 79 79 (2.59) 2.06-3.22

AEs, adverse events; SAEs, severe adverse events; ADRs, adverse drug reactions;
SADRs, severe adverse drug reactions; BARC, Bleeding Academic Research Consortium;
Cl, confidence interval.

anticoagulant bivalirudin occurred AEs, among which 1.02%
cases suffered from SAEs and 0.26% cases died due to AEs. Since
no previous report discusses the comprehensive AEs regarding
PCI with anticoagulant bivalirudin, the percentage could not
be compared or referred to. Then after categorization by SOC,
the most common AEs were gastrointestinal disorders (3.58%),
general disorders and administration site conditions (3.31%),
respiratory, thoracic, and mediastinal disorders (3.18%), and
then blood and lymphatic system disorders (2.66%). These data
inspired us to pay attention to and even prevent these AEs in
advance. In terms of bleeding, 4.13% studied patients experienced
bleeding events, which was numerically lower compared to that
in previous studies (16, 19, 22), which might result from: (1)
the improved knowledge of the studied drug and advanced
procedure technology and skills; and (2) the different study
design, enrolled patients, observational period, and so on.

In order to provide the precise and strict information
about the adverse events/adverse reactions related to bivalirudin
application as anticoagulant during PCI for further drug choice
guiding, we evaluated ADRs of bivalirudin during PCI, which
were defined as the harmful reaction of qualified drugs that was
irrelevant to the purpose of medication under normal usage
and dosage. It was discovered that 3.87% patients experienced
bivalirudin related ADRs, among which 0.23% cases suffered
from SADRs, while no case died due to ADRs. However,
there has been no previous study analyzing the bivalirudin
related ADRs during PCL This current study is the first to
provide the overall information about it (16-23). Generally
speaking, we observed that bivalirudin was well-tolerated as an
anticoagulant for PCI. Then to identify potential risk factors
of ADRs induced by bivalirudin during PCI, logistic regression
analysis was performed which discovered that older age, renal
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TABLE 3 | Detailed ADRs in System Organ Class (SOC).

Items Total SADRs Death due to ADRs
Number of Incidence, Number of Incidence, Number of Incidence,
times no. (%) times no. (%) times no. (%)
Total 130 118 (3.87) 7 7(0.23) 0 0(0.00)
Blood and lymphatic system disorders 80 80 (2.62) 0 0 (0.00) 0 0 (0.00)
Gastrointestinal disorders 24 21 (0.69) 5 5(0.16) 0 0 (0.00)
Investigations 6 6 (0.20) 0 0 (0.00) 0 0 (0.00)
Respiratory, thoracic, and mediastinal disorders 6 5(0.16) 0 0 (0.00) 0 0 (0.00)
Renal and urinary disorders 4 4(0.13) 0 0 (0.00) 0 0 (0.00)
Skin and subcutaneous tissue disorders 3 3(0.10) 0 0 (0.00) 0 0 (0.00)
General disorders and administration site conditions 2 2 (0.07) 2 2(0.07) 0 0 (0.00)
Injury, poisoning, and procedural complications 2 1(0.03) 0 0 (0.00) 0 0 (0.00)
Musculoskeletal and connective tissue disorders 1 1(0.03) 0 0 (0.00) 0 0 (0.00)
Cardiac disorders 1 1(0.03) 0 0 (0.00) 0 0 (0.00)
Nervous system disorders 1 1(0.03) 0 0 (0.00) 0 0 (0.00)

ADRs, adverse drug reactions; SADRs, severe adverse drug reactions.

function impairment, and CRUSADE high risk stratification
independently correlated with ADRs occurrence. The possible
explanations were as follows: (1) Patients with older age might
have more complications and worse metabolism ability for
drugs, leading to increased ADRs (24, 25); (2) renal function
impairment affected the drug metabolism directly, which resulted
in ADRs (26); (3) CRUSADE high risk stratification reflected
higher possibility of bleeding, which was one of the most
common ADRs of bivalirudin. In the current study, one patient
died of acute heart failure, two patients died of acute myocardial
infraction, two patients died of tachycardia, one patient died
of hypotension, one patient died of hypoxemia, and two
patients died of systematic syndromes. After assessment, it is
considered that none of these patients died of bivalirudin-related
adverse reactions.

Furthermore, 0.23% patients showed new ADRs of
bivalirudin, 1.12% patients experienced bivalirudin related
bleeding, and 2.59% patients had bivalirudin related
thrombocytopenia during PCI. These informed us that the
occurrence of bleeding and thrombocytopenia, directly induced
by bivalirudin, were less than the previous opinions (16, 19, 22).
Moreover, apart from CRUSADE high risk stratification,
operative timing (emergency vs. elective), and full dose use
of bivalirudin also independently correlated with increased
bivalirudin related bleeding events risk during PCI. These might
result from: (1) an emergency operation reflected the acute
and severe disease condition or short preparation time for
complication prevention therefore led to increased bleeding risk;
(2) full dose vs. reduced dose use of bivalirudin suggested the
increased anticoagulant effect, generating increased bleeding
possibility. When looking at thrombocytopenia, older age and
renal function impairment were independently associated with
its increased risk, with the possible explanations the same as their
contributions to total ADRs risk (24-26). In addition, it is of note
that a previous HEAT-PPCI study observes that bivalirudin does

not decrease bleeding risk while increases acute stent thrombosis
risk compared to UFH in STEMI patients (27). However, it
brings about great dispute resulting from the following issues:
(1) HEAT-PPCI is a single-center study; (2) the assessment
of AEs by a third party is not carried out; and (3) activated
clotting time (ACT) during operation is quite accidentally
lower compared to previous studies. The findings of this study
confirmed that bivalirudin as an anti-coagulant during PCI
was a safe regimen. Meanwhile, the recognition of risk factors
related to ADRs, bleeding, and thrombocytopenia might help
to improve the administration of bivalirudin as anti-coagulant
during PCL

Despite these interesting findings, the current study still
faces some limitations. First, the sample size of this study was
calculated and set to 3,049 based on the purpose to observe
the ADR with at least 0.1% incidence, while some SADRs or
even deadly ADRs might be below 0.1% incidence. Therefore,
these SADRs might not be easily discovered in this study. Hence,
an even larger sample size population study would be needed
in the future. Second, the medical centers participating in this
study were almost first-class hospitals in China which could
not represent all-level hospitals, therefore the physicians’ skill
and patients’ bias would exist. Third, since the total ADRs,
especially bivalirudin related bleeding events and bivalirudin
related thrombocytopenia, rarely occurred, the risk factors
analyzed by logistic regression analysis might have relatively
low statistical power. Fourth, a long-term follow-up could be
conducted to explore the safety of bivalirudin.

CONCLUSION

In conclusion, bivalirudin is well-tolerated as anticoagulant for a
PCI procedure; meanwhile, older age, renal function impairment,
and CRUSADE high risk stratification serve as independent risk
factors of bivalirudin related ADRSs.
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