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Abstract

Background: Bivalirudin is associated with fewer major bleeding events than heparin in patients un-
dergoing percutaneous coronary intervention (PCI), but confounding effects of concomitant glycoprotein
1Ib/I1a inhibitors, routine femoral artery access, and less potent effects of clopidogrel limits meaningful
comparisons. The present study is a systematic review and meta-analysis to compare bivalirudin to
heparin in contemporary practice.

Methods: The Cochrane Library, PubMed, EMBASE, and Ovid MEDLINE databases were searched
for relevant studies, including comparisons between bivalirudin and heparin in the current medical
era from inception to December 23, 2021. Studies reporting incidences of major adverse cardiac events
(MACE) and net adverse clinical events (NACE) in patients undergoing PCI and meeting the inclusion
criteria were retained. Data extraction was performed by three independent reviewers.

Results: The meta-analysis included 8 studies. Compared to heparin, bivalirudin during PCI was
associated with a lower NACE risk, lower all-cause death, and similar MACE risk, with a pooled risk
ratio of 0.82 (95% confidence interval [CI] 0.69-0.97, p = 0.02), 0.83 (95% CI 0.74-0.94, p = 0.002),
and 0.93 (95% CI 0.78-1.10, p = 0.38), respectively. Moreover, the reduction in NACE was mainly at-
tributed to reduced bleeding (22% reduction in the risk of major bleeding, 95% CI 0.63-0.97, p = 0.03).
Conclusions: These findings suggest that bivalirudin use during PCI reduced the risk of NACE and
all-cause death but did not reduce the risk of MACE compared with heparin use in PCL. Movre stud-
tes specifically designed for anticoagulation strategies and a personalized anticoagulation regimen to
comprehensively balance bleeding and ischemia risks are required. (Cardiol ] 2024; 31, 2: 309-320)
Keywords: percutaneous coronary intervention, bivalirudin, heparin, contemporary
practices, mortality

Introduction In the procedural phase, anticoagulant drugs com-

bined with antiplatelet therapy are the accepted

Primary percutaneous coronary intervention standard for preventing adverse ischemic events [2].
(PCI) is the optimum reperfusion strategy for pa- Bivalirudin is a direct thrombin inhibitor, working
tients presenting with acute myocardial infarction [1]. via the highly specific inhibition of thrombin. It can
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prolong activated clotting time to prevent thrombus
formation during catheterization, and its inhibition
of thrombin 1s reversible and short-lived [3, 4].
Earlier studies, such as the HORIZONS-AMI [5]
and EUROMAX [6] trials, showed that anticoagu-
lation with bivalirudin, compared to heparin plus
glycoprotein IIb/IIla inhibitors (GPI), reduced the
risk of death and bleeding but increased the inci-
dence of acute stent thrombosis. Subsequently, the
HEAT-PPCI trial [7] revealed that the bleeding
risks of bivalirudin and heparin were comparable,
but increased rates of acute stent thrombosis
were observed in the bivalirudin group. In view of
this, the BRIGHT trial [8] proposed the concept
of the “antithrombosis empty window period”
within 4 hours after PCI because of the short-
-term antithrombotic effect of bivalirudin and the
delayed pharmacodynamic effects of clopidogrel
and demonstrated that the use of bivalirudin with
a median 3-hour post-procedure PCI-dose infusion
resulted in a decrease in bleeding events, without
significant differences in major adverse cardiac,
cerebral events, or stent thrombosis.

However, significant advances have occurred
in pharmacological therapy and PCI technology
in the past 20 years. For example, the recent pre-
ferred use of radial-artery access and bailout GPI is
associated with fewer major bleeding complications
[9-11]. Moreover, the current recommended use
of potent P2Y,, inhibitors in patients with acute
coronary syndrome (ACS) undergoing PCI and in
chronic coronary syndrome patients with PCI and
a high ischemia risk may also confound clinical out-
comes [12-14]. According to the current practice,
it is unclear whether bivalirudin performs better
than heparin in PCI, especially in ACS patients.
Thus, this study aimed to review the outcome of
bivalirudin versus heparin use in PCI according to
the current practice.

Methods

Search strategy

This meta-analysis was performed in compli-
ance with the PRISMA statement [15]. The study
protocol was registered with PROSPERO (ID:
CRD42022302633) at onset. PubMed, Embase,
Ovid MEDLINE, and Cochrane Library databases
were systematically searched for relevant studies
from January 1, 2000 until December 23, 2021.
The following medical subject heading terms
and keywords were used to identify relevant ar-
ticles: “bivalirudin” or “angiomax” or “hirulog”
or “antithrombin”, and “coronary stenting” or

“percutaneous coronary intervention” or “PCI”
or “angioplasty” or “coronary angioplasty” or
“stents”. Both randomized controlled trials (RCTs)
and cohort studies were included, excluding other
study designs (cross-sectional and case-control
studies). The references of studies were also
checked for suitable articles. No language restric-
tion was applied.

Study selection

Several assessments were performed, fol-
lowed by the removal of duplicate articles after
the initial screening. The titles and abstracts of
relevant publications were further screened for
suitability before full article retrieval. Additionally,
meeting abstracts, editorials, and reviews were
also checked and excluded from the analysis [16].
Studies included were those that: 1) compared
bivalirudin with heparin in PCI; 2) were published
in peer-reviewed journals with available full texts;
3) reported cardiovascular clinical outcomes;
4) reported the bailout use of GPI; 5) included
the use of radial-artery access and potent P2Y,,
inhibitors; and 6) included mainly patients with
ACS. Trials with the routine use of GPI, exclusive
use of femoral-artery access, or clopidogrel were
excluded. Three investigators (ZXC, JYZ, and FBL)
independently reviewed all retrieved studies, and
differences were resolved via consensus.

Data extraction and quality assessment

Study data, including the first author’s name,
study design, location of study, sample size, clinical
baseline characteristics, post-procedure infusion of
bivalirudin, types of major adverse cardiac events
(MACE), types of net adverse clinical events
(NACE), frequency of patients in the bivalirudin
and heparin groups, and incidence of mortality,
were independently extracted by three investiga-
tors (JYZ, ZXC, CL). The definitions of MACE and
NACE endpoints differed slightly between studies,
but MACE basically included death, myocardial
infarction (MI), and stroke, while NACE basically
included MI, death from any cause, stroke, and
major bleeding (see Table 3). The study quality
was evaluated according to the Newcastle-Ottawa
Quality scale. High-quality studies were defined as
studies with a modified Newcastle-Ottawa score of
> 5 (maximum, 9).

Statistical analysis

Risk ratios of NACE, MACE, and particular
events were estimated for each study between the
bivalirudin and heparin groups. The heterogeneity
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2091 of records identified through database searching:
PubMed: n = 636

Ovid MEDLINE/EMBASE: n = 838

Cochrane Library: n = 617

'

585 of records after duplicates removed

A 4

1506 of records screened

-

Case report: n = 33
Conference/Editorial/Consensus/Protocol: n = 291
Review/Meta-analysis: n = 276
Non-bivalirudin/Non-PCI/Non-human: n = 351

No MACE/No potent P2Y,,: n = 232

Planed GPI/Not compared with heparin: n = 166

A 4

| 157 of full-text articles assessed for eligibility

-

Planed GPI: n = 47

No potent P2Y,,: n = 28

No trans radial access: n = 60
Not enough data: n = 14

!

| 8 of studies included for meta-analysis

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement (PRISMA) flow diagram of
the study selection. PCl — percutaneous coronary intervention; DAPT — dual antiplatelet therapy; GPl — glycoprotein

IIb/llla inhibitors; MACE — main adverse cardiac events.

of the effect measure was assessed by the Q and I’
statistics. A random-effects model (DerSimonian
and Laird method) was applied if heterogeneity
was detected (p < 0.10 or I’ > 25%); otherwise,
a fixed-effects model (Mantel-Haenszel) was used.
Subgroup analyses were conducted by the study
design (randomized vs. cohort) and by bivalirudin
infusion strategies during PCI (extended vs. non-
extended). Sensitivity analyses, excluding one
study at a time, were performed to clarify whether
the results were due to a study with an extreme
result. Publication bias was assessed using the
Begg adjusted rank correlation test and Egger re-
gression asymmetry test. A p-value of < 0.05 was
considered statistically significant. R version 4.1.2
software were used for the statistical analyses.

Results

Study selection

Six hundred thirty six publications were identi-
fied in PubMed, 617 publications in the Cochrane
Library, and 838 publications in EMBASE and Ovid
MEDLINE combined. Of these 2091 studies, 585
were duplicates. Eight of the remaining studies

www . cardiologyjournal.org

[6, 7, 17-22] met the inclusion criteria. Details of
the search strategy are shown in Figure 1.

Study characteristics and quality
assessment

Of the 8 included studies [6, 7, 17-22], 4 were
randomized trials or prespecified subgroup analy-
ses of randomized trials, whereas the others
were retrospective or prospective cohort studies.
Five of the included studies reported the NACE
rates between the bivalirudin and heparin groups
[6, 17-19, 21], while 7 reported MACE rates
[6, 7, 17-21]. Three of the included studies had sub-
groups or cohorts with extended post-procedure
infusion of bivalirudin [6, 18, 21]. The mean risk-of-
-bias score in the Newcastle-Ottawa scale was 8.3,
and all included studies were high quality (score
> 5). For the quality assessment of RCTs, the
scale mainly included the following: (1) generation
of random sequence (selection bias); (2) conceal-
ment of distribution sequence (selection bias);
(3) blind method for research object and implementer
(implementation bias); (4) blind method for result
evaluation (measurement bias); (5) incomplete
result (loss of follow-up bias); (6) selective report

311



Cardiology Journal 2024, Vol. 31, No. 2

(report bias); and (7) other bias. The general char-
acteristics and definitions of outcome events in the
included studies are summarized in Tables 1-3.

Risk of NACE in ACS patients undergoing
PCI with bivalirudin vs. heparin

Five of the studies with NACE as the outcome
provided the number of patients with bivalirudin
and heparin. The effects of bivalirudin were het-
erogeneous among these studies, with a pooled
risk ratio of 0.82 (95% confidence interval [CI]
0.69-0.97, p = 0.03, Fig. 2). This suggests that
patients with ACS undergoing PCI with bivalirudin
had an 18% reduction in NACE risk compared to
those using heparin during the procedure. This
calculation also revealed a significant reduction
in bleeding in the bivalirudin group compared to
the heparin group, with a pooled risk ratio of 0.78
(Fig. 2). The subgroup of patients that received an
extended bivalirudin infusion after PCI had a 27%
reduction in NACE risk compared to those using
heparin during PCI, with a pooled risk ratio of 0.73
(95% CI 0.55-0.98, p < 0.01, Fig. 3).

Risk of MACE in ACS patients undergoing
PCI with bivalirudin vs. heparin

Seven of the studies with MACE as the out-
come provided the number of patients with bi-
valirudin or heparin during PCI. The effects of
bivalirudin were heterogeneous among these
studies, with a pooled risk ratio of 0.93 (95% CI
0.78-1.10, p = 0.38). Patients with ACS undergo-
ing PCI with bivalirudin showed a reduced risk of
all-cause mortality (Fig. 2) compared to those that
used heparin during the procedure. However, the
risk of cardiac death, MI, ischemic stroke, or stent
thrombosis was similar between the two groups.

A subgroup analysis was performed of post-
-procedure bivalirudin infusions compared with
heparin use during the procedure; bivalirudin dem-
onstrated superior performance in the subgroup.
Bivalirudin resulted in a decrease in NACE, greater
decrease in major bleeding events, and lower risk
of stent thrombosis (Fig. 3) compared with the
group that did not use post-procedure bivalirudin
infusion. In this subgroup, bivalirudin still reduced
the risk of all-cause death and cardiac death (Suppl.
Fig. 1) in patients undergoing PCI.

Furthermore, a subgroup analysis was per-
formed of all RCT studies, which showed similar
results as those above, including a decrease in
NACE, without an increase in MACE or stent
thrombosis events (Suppl. Fig. 2).

Stratified analysis and publication bias

To explore the study heterogeneity, stratified
analyses across several key study characteristics
and clinical factors was performed. Examining
RCTs and non-randomized studies separately
showed similar conclusions compared to when both
study types were combined. The Egger weighted
regression and Begg rank correlation approaches
found no evidence of publication bias in the report-
ing of the findings.

Discussion

This systematic review and meta-analysis
examined the effectiveness and safety of biva-
lirudin compared with heparin in contemporary
PCI. According to available research, this is the
first meta-analysis in the current medical era to
assess this topic in this population. The present
findings indicated that patients with ACS using
bivalirudin during PCI had an 18% reduction in
NACE risk compared to those using heparin.
The reduction in NACE was mainly attributed to
a reduction in bleeding. In addition, bivalirudin
use in patients with ACS undergoing PCI did not
show an increased risk of MACE, including stent
thrombosis, compared to those with heparin use
during PCI. Moreover, compared with the subgroup
of non-extended bivalirudin infusion, the extended
infusion subgroup showed reduced all-cause death
and cardiac death when the heparin group was used
as a control, which was most likely due to the re-
duced incidence of ischemic cardiovascular events
in the early postprocedural period.

These results demonstrate that using biva-
lirudin is feasible and favorable in patients with
ACS undergoing PCI because it does not increase
MACE while reducing bleeding events. However,
the proportion of transradial access, potency of
the P2Y,, inhibitors administered, type of stent,
and use of extended infusion after PCI varied
among the included studies. These factors may
lead to the fluctuation of the benefit difference
between bivalirudin and heparin. Moreover, age,
sex, combined hypertension, combined diabetes,
renal insufficiency, and lesion characteristics may
also contribute to the different outcomes for pa-
tients undergoing PCI with bivalirudin or heparin.
Because these heterogenous factors may confound
the results, more studies comparing bivalirudin
and heparin alone in contemporary clinical practice
are needed to illustrate the best anticoagulation
regimens during PCI.
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Table 2. Baseline characteristics of the included studies.

Research, year Age, Male, Hypertension, Diabetes, Dyslipidemia, CKD, Previous
years n (%) n (%) n (%) n (%) n (%) PCIl, n (%)
Zhang, 2020
Bivalirudin (n = 361) 69.4 = 10.1 213 130 - 99 92
(59.0%) (67.0%) (36.0%) (27.4%) (25.5%)
Heparin (n = 462) 66.4 = 11.0 252 188 - 133 120
(54.5%) (65.4%) (40.7%) (28.8%) (26.0%)
Chen, 2020
Bivalirudin (n = 412) 80.34 + 4.54 257 - - - -
(62.4%)
Heparin (n = 260) 78.73 = 3.92 157 - - - -
(60.4%)
HEAT-PPCI, 2014
Bivalirudin (n = 905) 62.9 647 114 327 - 76 (8%)
(63.7,74.0)  (71.5%) (40%) (13%) (37%)
Heparin (n = 907) 63.6 663 136 342 - 54 (6%)
(54.0,73.8)  (73.1%) (43%) (15%) (38%)
MATRIX, 2018
Bivalirudin (n = 3610) 65.4 = 11.9 2731 2264 824 1596 48 536
(75.7%) (62.7%) (22.8%) (44.2%) (1.3%) (14.8%)
Heparin (n = 3603) 65.4 = 11.9 2764 2222 793 1558 47 504
(76.7%) (61.7%) (22.0%) (43.2%) (1.3%) (14.0%)
VALIDATESWEDEHEART, 2017
Bivalirudin (n = 3004) 68 2229 1557 491 953 - 456
(59, 75) (74.2%) (51.8%) (16.3%) (31.7%) (15.2%)
Heparin (n = 3002) 638 2177 1548 508 936 - 426
(60, 75) (72.5%) (51.6%) (16.9%) (31.2%) (14.2%)
NCDR CathPCl, 2017
Bivalirudin (n = 29660) 60.3 = 12.3 22,201 19,456 7,553 17,009 - 5,331
(74.9%) (65.6%) (25.5%) (567.4%) (18.0%)
Heparin (n = 37708) 60.4 = 124 28,294 24,707 9,432 21,742 - 6,917
(75.0%) (65.5%) (25.0%) (57.7%) (18.3%)
SWEDEHERT, 2016
Bivalirudin (n = 16891) 67.7 = 12 11841 7432 2415 3547 / 1351
(70.1%) (44%) (14.3%) (21%) (8%)
Heparin (n = 3724) 68.7 = 12 2530 1748 543 893 - 398
(68%) (47 %) (14.6%) (24%) (10.7%)
EUROMAX, 2014
Bivalirudin (n = 1089) 61 814 459 127 398 147 97
(52, 71) (21.9%) (42.2%) (11.7%) (36.6%) (14.7%) (8.9%)
Heparin (n = 460) 62 356 243 80 417 165 51
(53, 73) (77.4%) (52.8%) (17.4%) (37.6%) (16.5%) (11.1%)

CKD — chronic kidney disease; PCl — percutaneous coronary intervention

The main factors influencing the effect of
periprocedural anticoagulation (bivalirudin or
heparin) are discussed below.

Bailout uses of GPI
Bivalirudin is associated with fewer major
bleeding events than heparin in patients undergo-

ing PCI, but the confounding effect of concomitant
GPI limits a meaningful comparison. Anantha-
-Narayanan et al. [23] performed a systematic
review and meta-analysis to compare bivalirudin
and heparin with and without adjunctive GPI in
PCI. The study included 26 comparison groups
(22 original studies and 4 subgroup analyses) with

314 www.cardiologyjournal.org



Junyan Zhang et al., Bivalirudin versus heparin in PCI for acute coronary syndrome

SISOQUIOJY} JUB)S
— 1S ‘JUBAS JBIPJED BSISAPE 18U — JIVN ‘UOIIdIejUl [BIPIEO0AW — ||\ ‘JUBAS JBIPIED 9SISAPE Jofew — JOVIAl {WNILOSUOY) YdIeasay dlwapesy Buipes|ig — DYV ‘UOIBZIIB|NISEASI USALIP-BIWBYIS] — YAl

(%6°09) 61 (%L '¥S) ST - (%voL) 8y (09p = u) unedsy
9043s 10 Buipas|q Jolew 1o
‘Hdl ‘IIN ‘yieeqg ‘@j041s ‘Yal ‘I ‘Yreeq sAep 0g (%G°09) 846 (%L'LY)OLS - (%t°L) 08 (6801 = u) uipnuijealg
¥10Z ‘XVINOHN3
- (%19) 692¢ (%6°L2) 8€0L (%9'9L) £L19 (pgLe = u) uleday
80418 |\l ‘YieaQg JeaA | - (%€9) 1790l (%6°0€) 612G (%6°LL) 0LOZ (L689L = U) uipniijeAlg
9102 ‘1L43HIAAMS
(%L1G) LLLSL(%00L) 80LLE - (%6°91) ¥8€'9 (80LL€E = u) uLeday
830418 |\l ‘YieaQg sAep 0g (%L LY) LzGpL(%00L) 0996C - (%G9L) 768"y (0996¢ = U) ulpnuijeAlg
£102 ‘12dY3ed HAON
(%G'L6) L26T (%S06) 9LLT (%L€T)OLL (%L'9L) ¥8P (co0€ = u) uLeday
sAep og (%L°£6) 9162 (%1°06) 80LC (%8'€T) 9LL (%E9L) 067  (POOES = u) uipnuijeAlg
£102 ‘14VIHIAIMSILYAITVA
950.1S 40 ‘| Buipas|q Jolew 10 (%Z'6L) 069 (%8'9Y) 889L (%L'9€) 20EL (%6°EL) LOSG (€09¢ = u) uneday
‘Ajljeliow asned-||y ‘IIN "@sned Aue wouy yieag JeaA | (%8'6L) ELL (%P'9p) 9291 (%C'9€) LOEL (%L'¥L) 0€G  (0L9E = u) uipnuijealg
8L0Z XIHLVIN
uol1ezIJe|NJSBAS] UOISI|

196.1e1 pauue|dun [euonippe 1o
‘U0I101BJUIB] ‘JUBPIDJ. IB|NOSBA G 10 € JYvyg 40 ‘@ons (%0°L6)6L8  (%28) viL - (%01) €6 (£06 = u) ueday
-0109199 ‘Alljeliow asned-||y ‘lIN “Avijeliow asneod-||y sAep gz (%0'68)L08  (%08) LzL - (%vlL)zeL (506 = u) uipn.aiealg
¥102 ‘19dd-1V3aH

9)0J1S pue ‘uoieziie|ndseAal
|9SSaA 186.1e) UBALIP-BILIBYDSI - (%0°06) ¥€Z (%8'GL) L¥  (%¥'0L) L (092 = u) uedsH
‘lIN Juaindal ‘yiesp esneod-||y JeaA | - (%2¥8) LvE  (%6°02) 98 (%8°L) 2e (¢Ly = u) uipnajeaig
0202 ‘usy)

sluaAa Buipeslq G-¢ O4vd
pue ‘@)0.1s ‘uoileziie|ndSeAal
9)041s 10 |9ssaA 196.1e) USALIP-BILIBYDSI (%2'89) GLE (%LL8) GOV (%L'L2) 8Tl (%C'€T) LOL (z29¥ = u) uneday
‘asned Aue wouy yieap ‘|\| ‘[IN Juaindal ‘yiesp esneod-||y sAep 0g (%1'€9) 622 (%C'C6) €€€ (%8'8¢2) YOl  (%L'¥¢C) 68 (L9g = u) uipnaijealg
0Z0z ‘Bueyz
(%) u (%) u (%) u
juswainseaw relaed ‘ssagoe ‘Bupjows (%) u

JDIOVIN 10 JDOVIN JOVN awo91nQo juajod |elpeisued]  juauny ||\l SNOIAdI] 1eaA ‘ysieasay

"SaIpn1s papn|oul 8yl JO SO11SII810BIRYD Buljaseq "€ ajqel

315

www . cardiologyjournal.org



Cardiology Journal 2024, Vol. 31, No. 2

Major bleeding Bivalirudin Heparin
Study Events Total Events Total Risk ratio RR 95% ClI Weight
Chen/2020 18 412 18 260 ———+——1— 0.63 [0.33;1.19] 9.7%
HEAT-PPCI/2014 32 905 28 907 —r 1.15 [0.70;1.89] 14.1%
MATRIX/2018 80 3610 116 3603 —— 0.69 [0.52;091] 28.2%
VALIDATE-SWEDEHEART/2017 152 3004 169 3002 —= 0.90 [0.73;1.11] 35.1%
Zhang/2020 18 361 43 462 ——=——— 0.54 [0.31;091] 12.8%
Random effects model 8292 8234 — 0.78 [0.63;0.97] 100.0%
Heterogeneity: I* = 42%, v* = 0.0239, p = 0.14 05 1 ’
NACE Bivalirudin Heparin
Study Events Total Events Total Risk ratio RR 95% CI Weight
Chen/2020 108 412 71 260 ——-— 0.96 [0.74;1.24] 18.4%
EUROMAX/2014 85 1089 56 460 ——F——— 0.64 [0.47;0.88] 15.0%
MATRIX/2018 612 3610 664 3603 i 0.92 [0.83;1.02] 28.2%
VALIDATE-SWEDEHEART/2017 216 3004 241 3002 — 0.90 [0.75;1.07] 23.4%
Zhang/2020 47 361 101 462 —*+—— 0.60 [0.43;0.82] 15.1%
Random effects model 8476 7187 | —— | 0.82 [0.69;0.97] 100.0%
Heterogeneity: I = 63%, 7* = 0.0247, p = 0.03

0.5 1 2
All cause death Bivalirudin Heparin
Study Events Total Events Total Risk ratio RR 95% ClI Weight
Chen/2020 73 412 73 260 —=— 0.63 [0.47;0.84] 11.3%
EUROMAX/2014 32 1089 19 460 — 1 0.71 [0.41;1.24] 3.9%
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Figure 2. Pooled relative risks of net adverse clinical events (NACE), all-cause death, main adverse cardiac events
(MACE), and major bleeding in patients receiving bivalirudin vs. heparin during percutaneous coronary intervention.
Major bleeding was defined as a bleeding event of the Bleeding Academic Research Consortium (BARC) type 2, 3,
and 5 or BARC 3 and 5 according to the included studies; RR — risk ratio.

53,364 patients and demonstrated that bivalirudin
use is associated with a lower risk of major bleed-
ing regardless of GPI use in the heparin arm. This
persisted even after retaining studies with GPI
use in the bivalirudin arm, which was expected to
bias the results towards the null. The prespecified

analysis from the EUROMAX trial yielded a similar
conclusion [24], which illustrates that bivalirudin
reduces major bleeding compared to that using
heparin therapy with bailout or routine GPI. The
trial also indicated that routine GPI was not su-
perior to bailout GPI regarding MACE or stent
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Figure 3. Pooled relative risks of net adverse clinical events (NACE), stent thrombosis (ST), and major bleeding in
patients receiving bivalirudin vs. heparin in the extended infusion subgroup. Major bleeding was defined as a bleed-
ing event of the Bleeding Academic Research Consortium (BARC) type 2, 3, and 5 or BARC 3 and 5 according to the
included studies; RR — risk ratio.
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thrombosis. Bailout GPI is still a relevant choice
currently because routine GPI use does not ap-
preciably prevent ischemic events, such as MACE
and stent thrombosis.

Preferred transradial coronary
interventions

In the era of femoral artery access, several
studies have shown that bivalirudin reduced the
risk of bleeding in patients compared to that of
heparin. However, it is unclear if the bleeding ben-
efit of bivalirudin remains relevant considering the
current increase in the use of transradial access.
MacHaalany et al. [9] conducted research involving
all-comers and demonstrated no additional benefit
in terms of the bleeding risk with the use of bivali-
rudin compared with the use of heparin when PCI
was performed via radial access. Moreover, a study
conducted by Jovin et al. [20] with patients from
the NCDR CathPCI database in whom PCI was
predominantly performed via radial access showed
that the risk of bleeding did not significantly differ
between the bivalirudin and heparin groups. These
results illustrated that the ability of bivalirudin to
prevent bleeding is attenuated among patients that
undergo PCI via transradial access [25]. However,
with the bailout use of GPI and the emergence of
the bivalirudin extended infusion strategy, the ad-
vantages of bivalirudin have been rediscovered. In
a meta-analysis by Kheiri et al. [26] that included
10 RCTs with 16,328 patients for whom transradial
access during PCI was exclusively performed, the
use of bivalirudin was significantly associated with
areduction in short-term NACE (30-day) compared
with heparin. Moreover, in the BRIGHT study, the
majority of the patients (79%) had radial access,
and bivalirudin still exhibited a bleeding benefit [8].
This finding is consistent with the results of the
current study, which suggests that although theo-
retically possible, the advantage of bivalirudin in
reducing bleeding might be attenuated by transra-
dial access, and it may still benefit patients in the
contemporary medical setting.

Post-procedure bivalirudin infusion

In the present study, subgroup analysis showed
that patients had better outcomes with respect
to MACE, cardiac death, and stent thrombosis,
when extended infusion strategy of bivalirudin
was chosen. A single-center study by Frere et al.
[27] prospectively enrolled 30 patients undergoing
PCI for non-ST elevation ACS to investigate the
antithrombotic efficacy of bivalirudin compared
to unfractionated heparin during PCI. The study

showed that an optimal inhibition of platelet re-
activity was obtained 4 h after the PCI procedure.
Another reason that patients with STEMI require
a post-procedure PCI-dose of bivalirudin is that
morphine and early gastrointestinal mucosal edema
in STEMI inhibit the effect of P2Y,, inhibitors
[28]. Previous post hoc analyses have suggested
that a prolonged infusion of high-dose bivaliru-
din after the procedure may prevent early stent
thrombosis [16, 17]. As noted earlier, the BRIGHT
trial proposed the concept of an “antithrombosis
empty window period” within 4 hours after sur-
gery because of the short antithrombotic effect
of bivalirudin and the delayed pharmacodynamic
effects of clopidogrel. The study demonstrated no
significant differences in major adverse cardiac or
cerebral events or stent thrombosis between the
bivalirudin group with a median 3-h post-procedure
PCI-dose infusion and those with heparin and GPI,
while bivalirudin resulted in a decrease in bleeding
events [8]. Moreover, Fahrni et al. [29] conducted
a meta-analysis to compare the effect of prolonged
PClI-dose bivalirudin infusion on clinical outcomes
in patients undergoing primary PCI. The study
included 6 RCTs comprising 17,294 patients and
showed that prolonging the bivalirudin infusion
at the PCI dose (1.75 mg/kg/h) for 3 h eliminated
excess risk of acute stent thrombosis and main-
tained bleeding benefits [30]. Valgimigli et al. [21]
reported outcomes of the MATRIX trial, where
3,610 patients were assigned to receive bivalirudin
with or without prolonged post-PCI bivalirudin
infusion. The results showed that a post-PCI
full-dose bivalirudin infusion was associated with
improved outcomes when compared with a no
or low-dose post-PCI infusion or heparin. These
findings suggest that the infusion of bivalirudin
after PCI is effective in reducing the incidence of
stent thrombosis in the early postoperative period
without increasing the patient’s risk of bleeding.
However, these studies mostly occurred in the
era without potent P2Y,, inhibitors, radial artery
access, or routine GPI.

The BRIGHT-4 study is a randomized con-
trolled clinical trial that aimed to compare the
treatment of post-PCI bivalirudin high-dose infu-
sion with heparin monotherapy. The study found
that the treatment of post-PCI bivalirudin high-
-dose infusion can reduce the relative risk of pri-
mary endpoint events by 31% (3.06% vs. 4.39%,
p = 0.0070) compared with heparin monotherapy,
including a 25% relative risk reduction in all-cause
mortality (2.96% vs. 3.92%, p = 0.0420) and a 79%
relative risk reduction in major bleeding (0.17% vs.
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0.80%, p = 0.0014) within 30 days [32]. This study
mainly used the potent P2Y,, inhibitor ticagrelor,
with the majority using the radial artery approach
and without routine use of GPI, all of which suggest
that the BRIGHT-4 study is more in line with con-
temporary clinical practices. Although the results
of the BRIGHT-4 study were not yet published
at the time of this meta-analysis, the conclusion
of the present study is almost identical to the
conclusion of the BRIGHT-4 study. Both studies
suggest that bivalirudin has great value and pros-
pects in today’s clinical context. Therefore, based
on the data included in this meta-analysis and the
conclusion of the BRIGHT-4 study, it is believed
herein, that in the next version of the guidelines,
although the recommendation of bivalirudin may
not replace heparin as the routine anticoagulant
used in PCI due to the long-term experience with
heparin and its simpler administration method, the
recommendation level of bivalirudin may increase.

Limitations of the study

There were some limitations to the current
study. First, the meta-analysis included both RCTs
and cohort studies, which enhanced the hetero-
genicity of the studies, as observational data are
subject to possible observable and unobservable
confounding factors. Second, definitions for MACE
and NACE were not consistent across studies,
and this might have resulted in measurement bias
because some studies reported NACE with major
bleeding alone, whereas some included only minor
bleeding. Third, the proportions of GPI, novel P2Y,,
inhibitors, and radial access differed among studies,
which also contributed to the heterogeneity of this
study. Finally, because the BRIGHT-4 study was
not published before December 2021, when the
search was completed for this meta-analysis, the
BRIGHT-4 study was not included in this study.

Conclusions

Previous studies revealed that bivalirudin re-
duced the incidence of major bleeding in patients
with ACS undergoing PCI compared to those
receiving heparin, but it increased the risk of
postoperative stent thrombosis. The meta-analysis,
herein, revealed that bivalirudin is favorable in
PCI in contemporary practice because it did not
increase the risk of MACE and reduced the risks
of NACE and all-cause death. In the contemporary
medical era, with the use of new P2Y,, antagonists
and post-procedure bivalirudin infusion, the ef-
ficacy and safety of bivalirudin is reiterated. In

conclusion, bivalirudin may be a better choice
for patients with ACS during PCI compared with
heparin alone in current medical practice.
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