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Background: Bivalirudin has been shown to be associated with less major bleeding than heparin in
patients undergoing percutaneous coronary intervention (PCI); but the confounding effect of concomitant
glycoprotein IIb/IIIa inhibitors (GPI) limits meaningful comparison. We performed a systematic review and
meta-analysis to compare bivalirudin to heparin, with and without adjunctive GPI in PCIL.

Methods: We searched PubMed, Cochrane, EMBASE, CINAHL and WOS from January 2000 to
December 2017 for clinical trials comparing bivalirudin to heparin, with and without adjunctive GPI during
PCI. Cochrane’s Q statistics were used to determine heterogeneity. Random effects model was used.
Results: Twenty-six comparison groups (22 original studies and 4 subgroup analyses) with 53,364 patients
were included. Mean follow-up was 192+303 days. There was no difference between the two groups in all-
cause mortality [risk ratio (RR: 0.93; 95% CI: 0.82-1.05, P=0.260), target vessel revascularization (TVR)
(RR: 1.17; 95% CI: 0.93-1.46, P=0.174) or stroke (RR: 0.91; 95% CI: 0.71-1.18, P=0.490). Major bleeding
was lower in the bivalirudin group with concomitant GPI in one or both arms (RR: 0.64; 95% CI: 0.53-0.77,
P<0.001) and without (RR: 0.71; 95% CI: 0.51-0.99, P=0.041) provisional or routine GPIs. Bivalirudin
appeared to have a higher risk of stent thrombosis (RR: 1.32; 95% CI: 1.04-1.68, P=0.022) and a trend
towards more myocardial infarction (RR: 1.12; 95% CI: 0.98-1.28, P=0.098) though without statistical
significance. However, exclusion of studies with GPI showed no difference in stent thrombosis or myocardial
infarction with bivalirudin.

Conclusions: Bivalirudin is associated with less major bleeding compared to heparin, regardless of GPI
use. The lower anticoagulant effect of bivalirudin is linked with higher stent thrombosis and a trend towards

more MI, however a confounding effect of GPI use in the heparin arm cannot be excluded.
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Introduction

Heparin has traditionally been the anticoagulant of choice
for percutaneous coronary intervention (PCI). The addition
of glycoprotein IIb/IIIa inhibitors (GPIs) to heparin in
early trials led to a decrease in ischemic complications,
but at the expense of an increase in major bleeding (1-3).
Subsequently numerous studies have compared bivalirudin,
a direct thrombin inhibitor, with the combination of
heparin and GPIs. These trials demonstrated a reduction in
major bleeding and more stent thrombosis with bivalirudin
compared to heparin, but it is unclear if this is related to the
confounding effect of GPI use in the heparin arm. More
contemporary trials have aimed to compare bivalirudin to
heparin with either no planned GPI use (4-12) or matched
GPI use in both arms (8,13-16) but results have been
mixed. Therefore, we performed a systematic review and
meta-analysis of all randomized controlled clinical trials
comparing bivalirudin and heparin, stratified by GPI use
strategy.

Methods
Data sources and search strategy

We searched PubMed, EMBASE, Cochrane, CINAHL
and Web-of-science databases for randomized clinical trials
(RCT) published between January 2000 and December
2017 using the following search terms—®“acute coronary
syndrome (ACS)”, “bivalirudin”, “percutaneous coronary
intervention (PCI)”, “heparin”, “glycoprotein inhibitors”,
“GPI”, “mortality” and their combinations. We limited
our search to English language and studies including
adult population only. We also searched clinicaltrials.gov
and reviewed the reference list of relevant articles. The
methodology has been validated and published in previous

studies (17).

Study selection

"To be eligible, studies had to meet the following eligibility
criteria: (I) RCT, (II) age >18 years of age, (III) compare
bivalirudin to heparin with or without GPI usage (IV)
report the estimate of relative risk (RR) with 95%
confidence interval (CI), or other measures of RR such as
hazard ratio or odds ratio or provide other forms of data
from which RR could be computed. The final inclusion
group consisted of 22 studies with a total of 26 comparison
groups. Our search strategy is displayed in Figure S1.
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Data extraction

Two reviewers (D Anugula and NR Gujjula) independently
reviewed the abstracts, titles of individual studies and
all selected full-length articles identified by the above-
mentioned search strategy to include/exclude studies.
The reviewers also independently abstracted the study
characteristics, design, methods, and relevant outcomes.
Any discrepancy between the first and second authors was
resolved by consensus or consulting with a third reviewer (M
Anantha-Narayanan).

Patient selection

Our study included adult patients with PCI who received
heparin or bivalirudin with or without GPIs as shown in
Table 1 and the individual trial inclusion/exclusion criteria
is shown in Table 2. We then analyzed the studies based on
GPI usage. When studies had more than two comparison
groups, we compared the individual to the common sub-
groups. Following the overall analysis, we excluded studies
that used GPIs in the heparin or bivalirudin arms and
studied their outcomes to enable head-to-head comparison
between bivalirudin and heparin. The usage of GPI in the
individual trials is mentioned in 7zble 3. We performed
a separate analysis of elective PCI and PCI in ACS and
reported results for outcomes of interest. We then divided
the studies based on radial access. We considered >60%
radial access as predominant radial access and studied major
bleeding outcomes in these trials.

"To assess the effect of ACT in the heparin arm on overall
outcomes, we performed a meta regression using the wide
range of ACTs used in the trials. We then analyzed studies
that reported 30-day and 1-year mortality separately.
When 1-year mortality data was not available, we manually
extracted these numbers from Kaplan-Meyer curve using
methods similar to what was previously described (18).

Outcomes

The primary outcome was major bleeding compared
between heparin and bivalirudin, with or without the use of
GPI in one or both the arms. Secondary outcomes included
all-cause mortality, target vessel revascularization (TVR),
stent thrombosis, stroke rates and myocardial infarction at
follow-up. All-cause mortality was defined as death from
any cause. Major bleeding was defined in the studies as
listed in Table 1.
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Table 2 Inclusion and exclusion criteria of the included studies
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Study Inclusion criteria

Exclusion criteria

ACUITY Age >18 years, symptoms of UA for >10 min
within the preceding 24 h and at least 1 among:
() new ST segment depression or transient
elevation of 1 mm; (1l) raised troponin I, T, or
CK-MB isozyme, or (lll) known coronary artery
disease

ARMYDA 7 Angiographically documented coronary artery

BIVALVE disease suitable for PCl and 1 of the following:
age >75 years, diabetes mellitus (defined per
American Diabetes Association criteria), and
chronic renal failure (defined as creatinine
clearance of 30 to 60 mL/min)

ARNO Undergoing PCI and pretreated with aspirin (325
mg) and a 600-mg loading dose of clopidogrel
6 h before PCI were considered eligible for
enroliment

BRAVE 4 Patients presenting within 24 h from symptom
onset, with chest pain lasting 20 min and with 0.1
mV of ST-segment elevation in 2 adjacent limb
leads or 0.2 mV in 2 contiguous precordial leads
or new LBBB

BRIGHT Age 18 to 80 years, STEMI within 12 h of
symptom onset, or within 12-24 h if ongoing
chest pain, continuous ST elevation or new
LBBB, NSTEMI within 72 h of symptom onset,
planned emergency PCI

CACHET () Elective coronary exam; (Il) over 21 years of
age

STEMI, shock, bleeding diathesis or major bleeding

episode <2 weeks; thrombocytopenia, creatinine clearance <30 mL/
min, recent administration of abciximab, warfarin, fondaparinux,
fibrinolytic agents, bivalirudin, or 2 or more doses of LMWH, allergy to
study drugs or iodinated contrast that could not be adequately pre-
medicated

Primary PCI for acute myocardial infarction, bleeding diathesis or major
bleeding 4 weeks, long-term warfarin therapy, platelet count 70x10%/L,
and end-stage renal failure with creatinine clearance 30 mL/min

Acute STEMI; PCI for chronic total occlusion; renal insufficiency
(creatinine clearance rate 30 mL/min or serum creatinine 3 mg/dL)
or dependence on renal dialysis; comorbid conditions with a life
expectancy of 1 year; active bleeding, bleeding diathesis, or recent
major surgery (15 days); gastrointestinal or genitourinary bleeding
within the previous 6 weeks; pretreatment with UFH or low-molecular-
weight heparin or bivalirudin before PCI; uncontrolled hypertension
180/110 mmHg unresponsive to therapy; relevant hematologic
abnormalities (hemoglobin 10 g/dL or platelet count 100x10%/

L); allergy to the study medications; a history of heparin-induced
thrombocytopenia; and age 18 years

Age <18 years, cardiogenic shock or prolonged CPR, active bleeding,
bleeding diathesis, coagulopathy, history of Gl or genitourinary bleeding
within the previous 2 months, refusal to receive blood transfusion,
major surgery in the last 6 weeks, history of intracranial bleeding

or structural abnormalities, suspected aortic dissection, prior TIA,

prior stroke, heparin-induced thrombocytopenia, prior administration

of thrombolytic, bivalirudin, LMWH, or fondaparinux for the index
myocardial infarction, known relevant hematological deviations:
hemoglobin <100 g/L, platelet count <100x10%L, use of coumadin
derivatives within the last 7 d, chronic therapy with NSAIDs (except
aspirin), COX-2 inhibitors, prasugrel, ticagrelor , life expectancy <1 year,
severe liver disease, renal failure with GFR <30 mL/min and/or dialysis,
known allergy to the study medications, previous enroliment in this trial,
women who are pregnant, who are of childbearing potential and test
positive for pregnancy or are breastfeeding, inability to fully cooperate
with the study protocol

Thrombolysis within 72 h, cardiogenic shock, any anticoagulant agents
used within 48 h before randomization, active bleeding or bleeding
diathesis, hemoglobin <10 g/L or platelet count <100x10%L, creatinine
clearance <30 mL/min, known allergy to the study drugs or devices
(including heparin induced thrombocytopenia)

(I) Planned atherectomy; (Il) acute MI <24 h; (Ill) coronary intervention
<6 months; (IV) warfarin therapy; (V) stroke within 2 years or with
residual neurologic deficit; (VI) intracranial neoplasm, aneurysm, or
arteriovenous malformation; (VIl) active bleeding or recent surgery or
trauma; (VIIl) blood pressure >180/100 mmHg

Table 2 (continued)
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Table 2 (continued)
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Study Inclusion criteria Exclusion criteria
Deshpande (I) Age >18 and <75 years; (ll) elective high (I) Acute STEMI or shock; (I) bleeding diathesis or major bleeding within
risk PCl as defined by patients on chronic 2 weeks; (lll) thrombocytopenia; (IV) creatinine clearance <30 mL/min; (V)
antiplatelet therapy with aspirin, clopidogrel for  recent administration of abciximab, warfarin, fondaparinux, fibrinolytic
>5 days or received total dose of >300 mg for agents, bivalirudin or low molecular weight heparin within 8 h
more than 24 h and had severe coronary artery
disease; (Ill) at least one clinical criterion of:
prior stroke, prior peripheral vascular disease,
diabetes, documented microalbuminuria,
prior Ml, unstable angina, ECG changes of
ST depression of 1 mm, or elevated cardiac
enzymes consistent with Non ST elevation Ml
EUROMAX Men and nonpregnant women over age Bleeding diathesis or hematological disease or history of intracerebral

Feldman et al.

HEAT PPCI

HORIZONS-
AMI

ISAR REACT 3

ISAR REACT 4

18 years, symptoms with a presumed diagnosis
of STEMI <12 h; any of the following conditions:
ST-segment elevation 1 mm in 2 contiguous
leads on ECG, presumed new LBBB, or ST-
segment depression of 1 mm in at least 2

leads in V1-V3 with a positive terminal T wave;
intention of performing primary PCI <2 h after
first medical contact

patients with NSTEMI or angina pectoris and
with high risk for bleeding

STEMI patients activating primary PCI pathway

Age >18 years, symptom duration of 20 to 720
min, ST-segment elevation >1 mm in 2 or more
contiguous leads, new LBBB, or true posterior
myocardial infarction

Biomarker negative patients with stable and
unstable angina undergoing PCI after pre-
treatment with 600 mg clopidogrel at least 2 h
prior to the intervention

Angina >20 min or recurrent episodes within
48 h, increase of cardiac biomarkers, coronary
stenosis requiring PCI

mass, aneurysm, arteriovenous malformation, hemorrhagic stroke,
intracranial hemorrhage, or bleeding <2 weeks, surgery <2 weeks,
warfarin (not if international normalized ratio known to be <1.5) UFH,
LMWH or bivalirudin before randomization, thrombolytic therapy <48 h,
absolute contraindications, or allergy that cannot be premedicated, to
iodinated contrast or to any of the study medications, contraindications
to angiography, pregnant or nursing mothers creatinine clearance

<30 mL/min or dialysis, previous enrollment in this or other studies not
available primary PCl-capable hospital estimated body weight of >120 kg

NA

Active bleeding at presentation, factors precluding administration of
oral antiplatelet therapy, intolerance/contraindication to trial medication,
previous enrolment in this trial

Contraindications to study drugs , previous administration of
thrombolytic therapy, bivalirudin, GPI, LMWH, or fondaparinux for

the present admission, warfarin use, history of bleeding diathesis,
coagulopathy, heparin-induced thrombocytopenia, intracerebral mass,
aneurysm, arteriovenous malformation, or previous hemorrhagic stroke,
stroke or TIA <6 mo or any permanent neurological deficit, refusal to
receive blood transfusions , gastrointestinal or genitourinary bleeding
<2 mo, major surgery <6 weeks, known platelet count <100,000/mL

or hemoglobin <10 g/L, planned elective surgical procedure, coronary
stent implantation <30 d, life expectancy <1 year

NA

Acute myocardial infarction <48 h, cardiogenic shock, pericarditis,
malignancy or other comorbid conditions with life expectancy <1 year

, active bleeding or a bleeding diathesis or any history of intracranial
bleeding or structural intracranial abnormalities, refusal to receive a
transfusion, blood pressure >180/110 mmHg despite therapy, planned
staged PCI procedure within 30 d or PCI within the prior 30 d, hemoglobin
<10 g/L, platelet count <100x10° or >600x10° cells/L, GFR <30 mL/min or
serum creatinine >30 mg/L, allergy or intolerance to any study drug or to
stainless steel or to contrast media, pregnancy, coumadin within 7 d, GPI
<14 d, UFH within 4 h, LMWH <8 h, and bivalirudin<24 h

Table 2 (continued)
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Study Inclusion criteria Exclusion criteria
MATRIX For ACS all of the following 3 factors: history Patients who cannot give informed consent or have a life expectancy
consistent with new, or worsening ischemia, <30 d, allergy or intolerance to bivalirudin or UFH, treatment with
occurring at rest or with minimal activity, enrolment LMWH within the past 6 h, treatment with any GPI in the previous 3 d,
within 7 d of the most recent symptoms, planned  absolute contraindications or allergy, that cannot be premedicated, to
coronary angiography with indication to PCI; at iodinated contrast or to any of the study medications, including both
least 2 of the following: age >60 years; troponin aspirin and clopidogrel, contraindications to angiography, including but
T or | or CK-MB above the upper limit of normal; not limited to severe peripheral vascular disease, If known, a creatinine
ECG changes compatible with ischemia, i.e., ST  clearance <30 mL/min or dialysis dependent, previous enrolment in this
depression of >1 mm in 2 contiguous leads, T-wave study PClI in the previous 30 d
inversion >3 mm, or any dynamic ST shifts For
STEMI both: chest pain for >20 min with an ST-
segment elevation >1 mm or greater in 2 or more
contiguous leads, or with a new left bundle branch
block or with ST-segment depression of >1 mm in
2 or more of leads V1-V3 with a positive terminal
T wave, Admission either within 12 h of symptom
onset or between 12 and 24 h after onset with
continuing ischemia or previous fibrinolytic
treatment
NAPLES 3 (I) Age >18 years; (ll) bleeding risk score =10; (I) Bleeding risk score <10; (1l) pregnancy; (Ill) ongoing or recent (48 h)
(1) procedure planned through the femoral episode of STEMI or NSTEMI; (IV) negative biomarkers of myocardial
approach; (IV) angiographic evidence of de novo injury; (V) chronic dialysis and/or history or previous dialysis; (VI)
or restenotic lesions requiring revascularization; hemodynamic instability requiring inotropic support or IABP; (VII)
(V) stable or unstable angina or documented ongoing or recent treatment with GPI; (VIIl) ongoing or recent
silent ischemia; (VI) negative biomarkers of (6 months) bleeding or bleeding diathesis; (IX) recent (within 6 months)
myocardial injury; (VIl) double antiplatelet stroke; (X) history of heparin-induced thrombocytopenia; (XI) platelet
therapy; (VIll) stable hemodynamic conditions count <100,000/mm?
NAPLES (I) 18 years or older; (Il) DM treated with insulin  (I) Acute myocardial infarction (Ml); (Il) pregnancy; (lll) previous PCI
and/or oral agents; (lll) de novo coronary lesion b 1 month; (V) restenotic lesion; (V) saphenous venous graft and/or
in a native coronary artery; (IV) elective PCI mammary artery lesion intervention; (VI) acute coronary syndrome; (VII)
recent (12 weeks) active internal bleeding or bleeding diathesis, surgery,
trauma, or bleeding; (VIIl) previous intracranial bleeding or structural
abnormality; (IX) history of heparin induced thrombocytopenia; (X)
serum creatinine levels N 3 mg/dL or dialysis; (XI) warfarin therapy; (XII)
administration of UFH within 6 h, low-molecular-weight heparin within 8
h, abciximab within 7 days, or eptifibatide or tirofiban within 12 h before
randomization
PROTECT () Age 18 to 80 years of age, (Il) hospitalized () Unresponsive hypertension; (ll) ST-segment elevation myocardial
TIMI 30 with unstable angina/NSTEMI with chest infarction (MI) within 24 h; (lll) PCI within the previous 2 weeks;

discomfort or an angina equivalent at

rest >10 min; consistent with acute coronary
syndromes, with at least one high-risk feature
(i.e., diabetes, a positive cardiac troponin T/l or
creatine kinase-myocardial band (CK-MB), ST
segment deviation N 0.5 mm, or TIMI risk score;
(1) PCI of a native coronary artery

(IV) intraventricular conduction defect, pacing, (V) left ventricular
hypertrophy or any other electrocardiographic finding that could
make continuous electrocardiographic monitoring uninterpretable; (V)
cardiogenic shock; (VII) history of a bleeding diathesis or evidence of
active bleeding within 30 days; (VIII) history of a hemorrhagic stroke
at any time, stroke or transient ischemic attack of any etiology within
30 days; (IX) platelet count of <100,000/mm?; (X) major surgery within
the previous 6 weeks; (XI) any low-molecular weight heparin within the
previous 12 h; (XII) treatment with any GP lIb/llla in the previous 30 days
or concurrent or anticipated treatment; (XIIl) concurrent treatment with
warfarin; (XIV) estimated creatinine clearance <30 mL/min; (XV) treatment
of in-stent restenosis; or anticipated or staged PCI within 48 h

Table 2 (continued)
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Table 2 (continued)

Study Inclusion criteria Exclusion criteria

REPLACE 1 (I) Age >21 years; (Il) PCI with approved devices; (l) Acute Ml or conditions of elevated bleeding risk; (Il) unfractionated
(1) written, informed consent heparin within 6 h (unless activated partial thromboplastin time
measured within 2 h before randomization was 50 seconds); (Ill) low
molecular weight heparin within 12 h; (IV) abciximab within 7 days, or
eptifibatide or tirofiban within 12 h

REPLACE 2 (I) Age >21 years; (ll) PCI with approved devices; (I) Ongoing warfarin therapy; (Il) unfractionated heparin <6 h (unless

(Il) written, informed consent activated partial thromboplastin time was <50 seconds); (lll) low-molecular
weight heparin <8 h, (IV) bivalirudin <24 h; (V) abciximab <7 days, or
eptifibatide or tirofiban <12 h; (VI) younger than 18 years, (VII) poorly
controlled hypertension; (VIll) unprotected left main trunk stenosis; (IX)
pregnancy; (X) PCl <1 month or planned; (XI) active internal bleeding or
prior intracranial bleeding or structural abnormality; (XIl) platelet count less
than 100,000/pL; (XIIl) serum creatinine >4 mg/dL or dialysis

TENACITY Moderate-to-high-risk PCI: patients undergoing Abciximab within 14 d, thrombolytic therapy within 12 h, or 8 tirofiban,
elective or urgent PCI with current or recent eptifibatide, or LMWH within 10 h
(<1 mo) ACS (including primary but not
rescue PCI), current or history of heart failure,
depressed ventricular function, peripheral
vascular disease, or insulin-dependent diabetes
mellitus. Patients could also be included if their
PCI included treatment for complex coronary

anatomy
VALIDATE- Patients with a diagnosis of NSTEMI as judged by Previous randomization in the VALIDATE-SWEDEHEART trial Known
SWEDEHEART the physician in accordance with current guideline terminal disease with life expectancy <1 year; patients with known
definitions (positive troponin) or patients with ongoing bleeding; patients with uncontrolled hypertension in the
a diagnosis of STEMI as defined by chest pain opinion of the investigator; patients with known subacute bacterial
suggestive for myocardial ischemia for at least endocarditis; patients with known severe renal (GFR b 30 mL/min)

30 min before hospital admission, time from onset and/or liver dysfunctions; patients with known thrombocytopenia or
of symptoms of b24 h, and an ECG with new ST-  thrombocyte function defects; any other contraindication for the study
segment elevation in >2 contiguous leads medications; heparin N5,000 U before arriving to PCI laboratory or

of 0.2 mV in leads V2-V3 and/or >0.1 mV in other N3,000 U given in the beginning of the procedure;

leads or a probable new-onset left bundle-branch ~ GPIIb/llla inhibitors have been given or are pre planned to be given
block; PCI of culprit lesion is intended (therapeutic during the procedure

PCI, not primarily diagnostic PClI); ability to provide

informed consent; Age >18 years treated with

bolus dose of ticagrelor, prasugrel, or cangrelor

before start of PCI

Xiang et al. (I) Written informed consent; (1) age from 18 (I) Age >70 or <18 years old; (Il) prior administration of unfractionated
to 70 years old; (Ill) elective PCI 1 week after heparin 4 h before PCI, subcutaneous injection of LNWH 12 h before PCI,
myocardial infarction, including patients who long-term use of warfarin; (|1l thrombolytic therapy within 48 h before PCI;

received a thrombolytic therapy, with stable or (V) bleeding tendency: a history of gastrointestinal bleeding within
unstable angina that proved to be suited for PCl 3 months, cerebral hemorrhage within 6 months, cerebral infarction within
by coronary angiography 3 months; (V) serious agranulocytosis and thrombocytopenia patients
who could not undergo PCI or heparin-induced thrombocytopenia (HIT)
patients; (VI) refractory hypertension; (V) liver or renal function parameters
increased to 1.5 times of upper limits; (Vi) patients who had major surgery
within 1 month; (IX) history of allergy to heparin or biological products; (X)
pregnant, lactating, or female patients who plan to conceive

ACS, acute coronary syndrome; COX-2, cyclo-oxygenase inhibitor-2; CPR, cardiopulmonary resuscitation; GFR, glomerular filtration
rate; GPI, glycoprotein llb/llla inhibitors; LMWH, low molecular weight heparin; LBBB, left bundle branch block; NSAIDs, non-steroidal
anti-inflammatory drugs; NSTEMI, non ST elevation myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST elevation
myocardial infarction; TIA, transient ischemic attack; UFH, unfractionated heparin.
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Statistical analyses

Categorical data were pooled using the random effects
model; with the pooled effect size represented as risk ratio
(RR) with 95% confidence interval (CI) limits. Publication
bias was assessed visually using funnel plot. Cochrane’s
Q-statistics were used to determine the heterogeneity
of included studies for each outcome. I* values of <25%,
25-50%, and 50-75% were considered as low, moderate,
and high heterogeneity, respectively. An exclusion-
sensitivity analysis was included for heterogeneity,
when necessary. A meta-regression was performed
when necessary to analyze the impact of moderator
variables on outcomes of interest. A P value of <0.05
was considered statistically significant. Analyses were
performed by M Anantha-Narayanan using the Software
Comprehensive Meta-Analysis (version 3.3) (19).
This study was exempt from Institutional Review Board
approval at our institution.

Results
Study characteristics

Initially, there were 23 original studies (4,5,7-16,20-30) but
we excluded the BAT/HAS trial (20) as patients in this trial
had received only balloon angioplasty without stents. Also,
the trial did not meet our inclusion criteria for year. Finally,
we had 22 original studies with a total of 26 comparison
groups. Tiable 1 shows the baseline study characteristics and
patients groups used in the analysis.

Patients

The overall study population consisted of 53,364 patients
extracted from 26 comparison groups (22 original studies
and 4 subgroups) and about 66% were males. Mean follow-
up time was 192+303 days with maximum follow-up of
1,095 days. Mean age of the entire cohort was 63+4 years.
Concomitant GPI therapy was used in about 44% of the
overall patient population, 27% in the bivalirudin arm and
61% in the heparin arm. Inclusion and exclusion criteria
of the individual studies are mentioned in 7able 2. A total
of 16 comparison groups had planned GPI usage in the
heparin arm and two of the groups used only bailout GPL
Remaining studies did not have GPI in the heparin arm. A
total of 17 comparison groups had bivalirudin without GPI
or only with bailout GPI whereas 9 groups had bivalirudin
with provisional GPI.

© Journal of Thoracic Disease. All rights reserved.
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Major bleeding-bivalirudin versus beparin

Among the overall patient population, the risk of major
bleeding was 36% lower in patients receiving bivalirudin
when compared to those assigned to receive heparin
(RR: 0.64; 95% CI: 0.53-0.77, P<0.001) (Figure I). After
exclusion of GPI usage (both provisional and routine use) in
both arms, the risk of major bleeding was still 29% lower in
the bivalirudin arm than in the heparin arm (RR: 0.71; 95%
CI: 0.51-0.99, P=0.041) (Figure 2). Major bleeding was still
lower in the bivalirudin arm when we analyzed only studies
with GPI usage (provisional and routine) in both arms (RR:
0.58; 95% CI: 0.42-0.81, P=0.001) (not shown). Sensitivity
analysis with exclusion of the study (12) with the maximum
strength did not alter the results (RR: 0.64; 95% CI: 0.53—
0.77, P<0.001). Funnel plot showed minimal bias (Figure S2)
and heterogeneity within the included studies was high
(I’=65%). Analysis of studies with PCI in ACS showed
lower major bleeding with bivalirudin (RR: 0.64; 95% CI:
0.53-0.78, P<0.001) but in elective PCI, the difference
became insignificant between the groups (RR: 0.58; 95% CI:
0.28-1.18, P=0.130). We performed a test for interaction
dividing the studies in sub groups as studies using >10%
GPI (routine or provisional) in both arms and studies
using <10% GPI (routine or provisional) in both arms.
The overall test for interaction between the sub groups was
insignificant, therefore, the statistical heterogeneity in the
overall meta-analysis for major bleeding was not explained
by the subgroup analyses with respect to GPI usage and
there was no significant interaction.

A meta-regression of ACT in heparin arm on incidence
of major bleeding (Figure S3) was statistically insignificant
(P=0.422) indicating different ACT levels in heparin arm
does not affect the risk of major bleeding. Analysis of radial
access predominant studies (studies with >60% radial access)
showed a trend towards lower risk of major bleeding with
bivalirudin but was statistically insignificant (RR: 0.76; 95%
CI: 0.45-1.26, P=0.285).

All-cause mortality-bivalirudin versus beparin

All-cause mortality was compared from 23 studies. All-
cause mortality was not different between the bivalirudin
and heparin arms (RR: 0.93; 95% CI: 0.82-1.05, P=0.260)
(Figure 3). Sensitivity analysis with exclusion of the
study (12) with the maximum strength did not change the
results of the analysis. Funnel plot showed minimal bias (not
shown) and I’ was 0 (P=0.516). A meta-regression of all-
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Study name

MAJOR BLEEDING

RR (95% Cl) Lowerlimit Upperlimit Weight (%)

ACUITY (Bivalirudin+GPI Vs Heparin+GPl) = 0.85 0.78 117 8.83
ACUITY (Bivalirudin Vs Heparin+GPl) J— 0.52 0.40 0.66 8.42
ARMYDA-7 BIVALVE 0.51 0.05 5.61 0.57
ARNO ————— 0.32 0.13 0.78 2.95
BRAVE 4 0.89 0.33 243 2.57
BRIGHT (Bivalirudin Vs Heparin) ——— 0.36 0.12 1.13 2.10
BRIGHT (Bivalirudin Vs Heparin+GPl) ————— 0.23 0.08 0.69 2.27
CACHET (Bivalirudin Vs Heparin + GPl) 0.17 0.01 3.11 0.40
CACHET (Bivalirudin+GPI Vs Heparin +GPl) 0.38 0.02 6.75 0.40
EUROMAX (Bivalirudin Vs Heparin+Bailout GPl) ——— 0.41 0.25 0.68 5.70
EUROMAX (Bivalirudin Vs Heparin+Routine GPI) ——— 0.44 0.27 0.71 5.98
Feldman et al 3.00 0.13 71.92 0.33
HEAT PPCI — 1.15 0.70 1.89 5.78
HORIZONS-AMI — 0.53 0.40 0.69 8.16
ISAR REACT 3 — 0.67 0.50 0.90 7.89
ISAR REACT 4 — 0.84 0.44 1.63 4.42
MATRIX — 0.56 0.39 0.79 737
NAPLES 0.25 0.03 223 0.68
NAPLES-3 - 128 0.59 278 3.63
PROTECT-TIMI 30 0.22 0.01 4.07 0.39
REPLACE-1 0.77 0.35 1.69 3.61
REPLACE-2 - 0.58 0.43 077 8.00
TENACITY _ 0.21 0.01 4.43 0.36
VALIDATE-SWEDHEART - 1.01 0.85 1.19 9.17

0.64 0.53 0.77 100.00

0.1

Overall (I-squared) =65, P<0.001

-

10

Note: Weights are from random effect analysis

Favors bivalirudin (+/- GPI)
Risk Ratio

Favors heparin (+/- GPI)

Figure 1 Forest plot and pooled analysis for major bleeding in patients undergoing PCI (heparin versus bivalirudin)*. *, GPI in both arms;

RR, relative risk; CI, confidence interval; PCI, percutaneous coronary intervention; GPI, glycoprotein IIb/IIIa inhibitor.

cause mortality on follow-up time period was insignificant
(P=0.931). When we excluded provisional and routine
GPI in both arms, all-cause mortality was still similar in
both groups (RR: 0.98; 95% CI: 0.84-1.15, P=0.823) (not
shown).

All-cause mortality was not different between the groups
when we divided studies into PCI in ACS (RR: 0.95; 95%
CI: 0.83-1.08, P=0.412) and elective PCI (RR: 0.73; 95%
CI: 0.46-1.18, P=0.200).

We then separated studies that reported 30-day mortality
and 1-year mortality as mentioned in the methods section.
Both 30-day (RR: 0.94; 95% CI: 0.79-1.12, P=0.495) and
I-year (RR: 0.83; 95% CI: 0.65-1.07, P=0.160) mortality
were not different between the two groups.

Stent thrombosis-bivalirudin versus heparin

Stent thrombosis was reported in 15 studies. Risk of stent
thrombosis was higher in the bivalirudin group (RR:
1.32; 95% CI: 1.04-1.68, P=0.022) (Figure 4). I’ was 27%
(P=0.157). We then analyzed acute and sub-acute stent
thrombosis from the available trials. Acute stent thrombosis
was higher in the bivalirudin group (RR: 1.54; 95% CI:

© Journal of Thoracic Disease. All rights reserved.
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1.07-2.23, P=0.020) whereas sub-acute stent thrombosis
showed no difference between bivalirudin and heparin (RR:
1.04; 95% CI: 0.60-1.81, P=0.879). When we excluded
studies with GPIs in both arms, the difference became
statistically insignificant (RR: 1.40; 95% CI: 0.66-2.97,
P=0.379) (not shown). In the PCI group for ACS, stent
thrombosis was higher in the bivalirudin group (RR: 1.32;
95% CI: 1.02-1.73, P=0.038), whereas in the elective PCI
group, there was no difference in stent thrombosis between
the two groups (RR: 1.65; 95% CI: 0.51-5.35, P=0.405).

Myocardial infarction-bivalirudin versus beparin

Myocardial infarction was analyzed from 24 comparison
groups comparing bivalirudin to heparin. The risk of
myocardial infarction was not different between the two
groups (RR: 1.12; 95% CI: 0.98-1.28, P=0.098) (Figure 5)
and exclusion of GPI in both arms did not alter the
difference (RR: 1.08; 95% CI: 0.90-1.30, P=0.392).
Sensitivity analysis with exclusion of the study (12) with the
maximum strength did not alter the results. Heterogeneity
within the included studies was high (I’=60). When we
divided the studies to analyze PCI in ACS, incidence of

7 Thorac Dis 2018;10(6):3341-3360
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MAJOR BLEEDING AFTER EXCLUSION OF PROVISIONAL GPI

Study name RR(95% CI) Lowerlimit Upperlimit Weight (%)
BRAVE 4 —_— 0.89 033 243 817
BRIGHT (Heparin alone) s o 0.36 0.12 1.13 6.66
Feldman et al = 3.00 0.13  71.92 1.04
ISAR REACT 3 - 0.6 0.50 0.90 26.42
MATRIX = 056 039 079 24.53
NAPLES - 025 003 223 211
VALIDATE-SWEDEHEART L 1.01 0.85 1.19 31.07

g 071 051 0.9 100.00

Overall (I-squared=63%, P<0.001)
0.1 1 10

Note: Weights are from random effect analysis
Favors bivalirudin (No GPI) Favors heparin (No GPI)
Risk Ratio

Figure 2 Forest plot and pooled analysis for major bleeding in patients undergoing PCI (heparin versus bivalirudin) after exclusion of GPI

in both arms. RR, relative risk; CI, confidence interval; PCI, percutaneous coronary intervention; GPI, glycoprotein IIb/IITa inhibitor.

Study name ALL-CAUSE MORTALITY RR (95% CI) Lowerlimit Upperlimit Weight (%)
ACUITY (Bivalirudin Vs Heparin/enoxaparin) e 1.28 0.75 2.20 5.35
ACUITY (Bivalirudin+GPI Vs Heparin) 119 0.69 2.06 5.18
ARMYDA-7 BIVALVE 3.08 0.13 75.04 0.15
ARNO ——— 0.50 0.17 1.45 1.38
BRAVE 4 1.02 0.36 2.88 1.46
BRIGHT (Bivalirudin Vs Heparin) ———— 0.94 0.49 1.80 3.64
BRIGHT (Bivalirudin Vs Heparin+GPI —— 0.89 0.47 1.70 3.74
CACHET (Bivalirudin Vs Heparin + GPI) 0.14 0.01 2.48 0.19
CACHET (Bivalirudin+ GPI Vs Heparin +GPl) 0.31 0.02 5.37 0.19
EUROMAX (Bivalirudin Vs Heparin+Bailout GPI) —r—— 0.71 0.41 1.24 5.03
EUROMAXBivalirudin Vs Heparin+Routine GPI) — 1.27 0.69 2.33 4.26
FELDMAN ET AL 0.40 0.08 1.97 0.62
HEAT PPCI —a— 1.18 0.78 1.79 9.00
HORIZONS-AMI —— 0.68 0.45 1.02 9.44
ISAR REACT 3 —— 1.10 0.72 1.69 8.46
ISAR REACT 4 ——— 1.17 0.54 2.51 2.67
MATRIX ——— 0.73 0.53 1.02 14.58
NAPLES-3 —— 0.95 0.53 1.73 4.38
PROTECT-TIMI 30 5.94 0.24 145.42 0.15
REPLACE-1 0.14 0.01 2.72 0.18
REPLACE-2 ——— 0.59 0.23 1.49 1.80
TENACITY 0.21 0.01 4.43 0.17
VALIDATE-SWEDHEART —— 1.05 0.78 141 17.98
Overall (I-squared) =0, P=0.516 L 0.93 0.82 1.05 100.00

0.1 1 10

Note: Weights are from random effect analysis
Favors bivalirudin (+/- GPI) Favors heparin (+/- GPI)
Risk Ratio

Figure 3 Forest plot and pooled analysis for all-cause mortality in patients undergoing PCI (heparin versus bivalirudin)*. *, GPI in both

arms; RR, relative risk; CI, confidence interval; PCI, percutaneous coronary intervention; GPI, glycoprotein ITIb/IITa inhibitor.
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Study name STE NTTHROM BOS|S RR (95% ClI) Lowerlimit Upperlimit Weight (%)
ACUITY (Bivalirudin+GPI Vs Heparin+GPl) t 1.04 0.64 1.70 12.95
ACUITY (Bivalirudin Vs Heparin+GPl) 123 0.77 1.97 13.50
ARMYDA-7 BIVALVE - 3.08 0.13 75.04 0.54
ARNO -

2.00 018  21.97 0.95
BRAVE 4 —— 0.77 0.17 3.39 2.34
——

BRIGHT (Bivalirudin Vs Heparin) - 0.64 0.28 1.46 6.35
BRIGHT (Bivalirudin Vs Heparin+GPl) e — 0.99 0.40 2.49 5.42
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Figure 4 Forest plot and pooled analysis for stent thrombosis in patients undergoing PCI (heparin versus bivalirudin)*. *, GPI in both arms;

RR, relative risk; CI, confidence interval; PCI, percutaneous coronary intervention; GPI, glycoprotein IIb/IIIa inhibitor.
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Figure 5 Forest plot and pooled analysis for myocardial infarction in patients undergoing PCI (heparin versus bivalirudin)*. *, GPI in both

arms; RR, relative risk; CI, confidence interval; PCI, percutaneous coronary intervention; GPI, glycoprotein ITIb/IITa inhibitor.
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myocardial infarction was higher in the bivalirudin group
(RR: 1.18; 95% CI: 1.01-1.37, P=0.041) whereas in elective
PCI group, there was no difference in myocardial infarction
between the two groups (RR: 0.95; 95% CI: 0.74-1.21,
P=0.674).

TVR-bivalirudin versus beparin

Incidence of TVR was reported in 17 studies. The risk of
TVR was not different between the two groups (RR: 1.17;
95% CI: 0.93-1.46, P=0.174) (Figure 6). After exclusion of
routine and provisional GPI in both arms, incidence of TVR
remained similar between the two groups (RR: 1.21; 95%
CI: 0.95-1.54, P=0.118). Sensitivity analysis with exclusion
of the study (9) with the maximum strength did not alter
the results. Heterogeneity within the included studies was
high (I’=64). In PCI for ACS, there was a trend towards
higher incidence of TVR in the bivalirudin group without
statistical significance (RR: 1.26; 95% CI: 0.97-1.65,
P=0.082). In elective PCI, there was no difference in the
incidence of TVR between the bivalirudin and heparin
groups (RR: 0.85; 95% CI: 0.60-1.20, P=0.357).

Stroke rates-bivalirudin versus beparin

Stroke rates were not different between bivalirudin and
heparin group (RR: 0.91; 95% CI: 0.71-1.18, P=0.490)
analyzing 10 comparison groups (Figure 7). I’ was 0
(P=0.849). After exclusion of GPI in both study arms,
incidence of stroke was not different between the two
groups (RR: 0.92; 95% CI: 0.69-1.21, P=0.541). Dividing
the studies into elective PCI (RR: 0.94; 95% CI: 0.59-1.51,
P=0.805) and PCI in ACS (RR: 0.91; 95% CI: 0.67-1.24,
P=0.565) did not alter the outcomes.

Discussion

Results from our current meta-analysis provide new
insight into the role of bivalirudin versus heparin in PCIL.
Bivalirudin use is associated with lower risk of major
bleeding regardless of GPI usage in the heparin arm. This
persisted even while retaining studies with GPI use in the
bivalirudin arm which would have been expected to bias
results towards the null. Although bivalirudin appeared to
have a higher rate of stent thrombosis, analysis of studies
without GPI usage in both arms showed no significant
difference between the two groups. Analysis of studies only
with elective PCI showed no difference in major bleeding
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between heparin and bivalirudin but bivalirudin showed
lower bleeding in the ACS setting. Stent thrombosis was
higher with bivalirudin in ACS but not in elective PCI.
Bivalirudin was similar to heparin with respect to all-
cause mortality, recurrent myocardial infarction, TVR or
stroke rates.

Bivalirudin has been extensively studied in multiple
RCTTs as an acute therapy in place of heparin for patients
receiving PCI. Whereas unfractionated heparin potentiates
anti-thrombin III thereby inactivating thrombin and factor
Xa, it has a very limited effect on clot bound thrombin.
Heparin also increases platelet activation and can cause
heparin induced thrombocytopenia (HIT). Comparatively,
bivalirudin is a direct thrombin inhibitor acting on both
clot bound and unbound thrombin (31), does not increase
platelet activation and does not cause HIT.

The ACUITY (32), EUROMAX (6) and HORIZONS-
AMI (27) were large RCTs that showed lower rates of
major bleeding with bivalirudin when compared to heparin.
However, all of these trials had GPI use in the heparin arm
confounding any direct comparisons between heparin and
bivalirudin. With the advancement in stent technology
along with more potent P2Y12 therapy (ticagrelor and
prasugrel), it is generally felt that earlier trials showing the
benefit of the addition of GPI with heparin are outdated
(1-3). Thus, the question of heparin monotherapy versus
bivalirudin monotherapy remained unanswered.

Following these trials supporting bivalirudin, trials
began to address the GPI confounding issue in the heparin
arms. This resulted in a few negative RCTs. The HEAT
PPCI trial (8) was designed to minimize the effect of GPI
on outcomes comparing bivalirudin to heparin. In this
predominantly radial trial (radial access in 80% bivalirudin
and 82% heparin arms), there was no bleeding advantage to
bivalirudin, and heparin was actually associated with lower
thrombotic events including MI, stent thrombosis and
TVR. Similarly, in the BRAVE-4 trial (25), where patients
were randomized to bivalirudin plus prasugrel compared to
heparin plus clopidogrel, the usage of GPI was much lower
in both arms (3% heparin arm, 6.1% bivalirudin arm). The
trial showed no benefit with respect to major bleeding or
ischemia with bivalirudin but was confounded by the higher
potency of prasugrel compared to clopidogrel between the
two arms.

As the results of the above trials would suggest, it is
unclear whether the bleeding benefit and increase in acute
stent thrombosis with a trend towards more TVR and
MI seen with bivalirudin is a real finding or as a result of
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0.93 146 100.00

Favors bivalirudin (+/- GPI)

Risk Ratio
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Figure 6 Forest plot and pooled analysis for TVR in patients undergoing PCI (heparin versus bivalirudin)*. *, GPI in both arms; RR,

relative risk; CI, confidence interval; PCI, percutaneous coronary intervention; GPI, glycoprotein IIb/IIIa inhibitor.

Study name

STROKE RATES
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0.58 1.74 21.42
0.71 1.18 100.00

Favors bivalirudin (+/- GPI)
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Figure 7 Forest plot and pooled analysis for stroke rates in patients undergoing PCI (heparin versus bivalirudin)*. *, GPI in both arms; RR,

relative risk; CI, confidence interval; PCI, percutaneous coronary intervention; GPI, glycoprotein IIb/IIIa inhibitor.
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confounding from GPI use in the heparin arm. In our meta-
analysis, even after exclusion of trials with concomitant
GPI in both arms, there was still a 48% reduction in rates
of major bleeding. This increase in major bleeding with
heparin did not translate to increased mortality. One could
also question whether the bleeding benefit of bivalirudin
would exist in the current era with a high utilization of
transradial access (33). However, in the contemporary
BRIGHT trial, bivalirudin showed a bleeding advantage
even though the majority of the patients in the trial (79%)
had radial access. Another interesting finding is that
bivalirudin showed lower bleeding in the ACS trials but
not in elective PCIs. The acute inflammatory state in ACS
altering hemostasis increases bleeding risk where bivalirudin
demonstrates benefit. In elective PCI, the absence of
baseline increased bleeding risk essentially limits us from
seeing a meaningful difference between the two groups even
if there is truly a small lower biological bleeding risk with
bivalirudin. We also sub-stratified patients by studies with
radial predominant access and were unable to demonstrate
a significant benefit to bivalirudin on bleeding rates in
this subgroup, although the point estimate still favored
bivalirudin. Whether the potential physiologically lower
bleeding rates with bivalirudin are of relevance when radial
access is used for PCI is therefore unclear.

Stent thrombosis rates were higher as shown in
the previous meta-analysis (34) but with exclusion of
concomitant GPI usage, this difference became insignificant
suggesting again a confounding effect of GPI use in the
heparin arm decreasing acute stent thrombosis. It is also
possible that bivalirudin is intrinsically associated with a
higher rate of stent thrombosis in the previously published
trials that has been overcome by more potent antiplatelet
therapy. In addition, other thrombotic complications
including recurrent MI and TVR showed a trend towards
increase with bivalirudin supporting this hypothesis. Of
note, the higher thrombotic events with bivalirudin appears
to be of significance not during elective PCI but only in
the high risk acute ACS period where the risk-benefit
ratio of anticoagulation has an even narrower therapeutic
window than usual. It may be that the prothrombotic state
of an MI may increase the risk of acute stent thrombosis if
bivalirudin is used with its short half-life before adequate
platelet inhibition has been achieved with a single dose
of an oral P2Y12 inhibitor. This was seen in EUROMAX
where bivalirudin was associated with higher rates of stent
thrombosis in STEMI patients undergoing PCI (6). It is
well known that in STEMI patients, the anticoagulation
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cascade gets altered and P2Y12 inhibition takes long
than usual. In this trial, oral P2Y12 inhibitors were
administered at approximately 50 min before PCI but
complete P2Y12 inhibition occurred only at 140 min after
administration. This effect along with stopping bivalirudin
(which has a short half-life) early, leads to an anti-
coagulation free period, increasing risk of stent thrombosis
as evidenced in the HEAT-PPCI trial (8). Prolonged
bivalirudin infusion regimens as used in the BRIGHT
trial (4) without an increase in bleeding may be worthy of
investigation as methods to reduce this potential acute stent
thrombosis risk.

Although a prolonged bivalirudin infusion regimen was
used in EUROMAX (6), a lower dose infusion was used
which could have potentially contributed to the higher stent
thrombus rates seen with bivalirudin post PCI. The higher
infusion dose of 1.75 mg/kg/h was used only in one fifth of
the patient population whereas the rest of the patients were
given a lower dose of 0.25 mg/kg/h. This was confirmed
in a post-hoc analysis of EUROMAX (6) which showed
higher bivalirudin infusion dose during prolonged infusion
significantly reduced the risk of stent thrombus seen with
bivalirudin (35). In MATRIX, there was no difference
between prolonged and shorted infusion of bivalirudin with
respect to stent thrombus but only one third of the patients
received a higher dose of infusion (10). If bivalirudin is
used, there is currently uncertainly about the need for post
procedure infusion, the dosage and duration which requires
further investigation. In addition to the above-mentioned
mechanisms, the altered hemostasis profile during ACS may
also be contributing to bivalirudin’s lower potency causing
increased stent thrombosis. Our meta-analysis suggests
that this may not be applicable to elective PCI where both
heparin and bivalirudin appear largely equivalent.

The recently published VALIDATE-SWEDEHEART (12),
a large registry-based randomized controlled trial, showed
lack of benefit with bivalirudin when compared to heparin
in the absence of provisional GPI use. The trial had
approximately 3,000 patients in each arm with options
for pre-randomization heparin and prolonged bivalirudin
infusion along with potent P2Y12 inhibitors including
prasugrel, ticagrelor or intravenous cangrelor. However,
this trial was also confounded by the use of heparin at a
mean dose of 3,470 units in 90% of patients regardless of
bivalirudin assignment, essentially comparing bivalirudin
plus low dose heparin with heparin monotherapy. This
would mitigate the bleeding advantage of bivalirudin
monotherapy. The lack of an increase in stent thrombosis
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with bivalirudin in that trial is likely also influenced by this
concomitant use of low dose heparin in the bivalirudin arm,
but also by the use of prolonged bivalirudin infusion in
two thirds of patients similar to the BRIGHT trial (36). It
should be noted that even after inclusion of the trial in the
meta-analysis, bivalirudin still appear to retain benefit with
respect to major bleeding events but did carry a higher risk
of stent thrombosis.

From the results, it may be seen that tailored anti-
coagulation therapy based on individual’s risk factors
may be beneficial. Advanced age, female gender, history
of major bleeding in the past and renal insufficiency are
associated with higher bleeding rates and so bivalirudin
may be beneficial (37). Stent thrombosis has been shown to
be higher in patients with ACS, long segment disease with
multiple stents, small vessel diameter, bifurcation lesions
and chronic total occlusions (38) and in these patients,
heparin without GPIs or judicial use of bivalirudin can be
options.

The strength of our meta-analysis is the inclusion of
only RCTs to avoid patient selection bias. Another strength
of the study is the stratification of results with and without
GPIs, and also based on elective versus ACS setting. The
results of our meta-analysis are not representation of the
real-world registries. The variable definitions used across
the studies for major bleeding create bias in comparison of
multiple trials. The variable timing and dosage of P2Y12
inhibitors could affect interpretation of results. We did not
have patient level data to assess outcomes for sub-groups
like radial or femoral access. None of the studies were
blinded. BRAVE-4 trial (25) was terminated early due to
slow recruitment. Finally, publication bias is an inherent
limitation of meta-analysis.

Conclusions

In summary, this systematic review and meta-analysis of
published RCTs supports the use of bivalirudin in PCI.
Bivalirudin is associated with lower rates of major bleeding
independent of the use of GPI with no difference in other
clinical outcomes when compared to heparin. The increase
in stent thrombosis in earlier trials with bivalirudin is
no longer apparent in the elective setting and may have
been related to the inflammatory state causing increased
thrombosis in ACS and also confounding in the heparin arm
from GPI inhibitors lowering stent thrombosis risk. The
true benefits of bivalirudin in the current era of radial PCI
is an evolving question that will need further exploration.
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Supplementary

Clinical databases
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Search limited to human
_ studies, English language
"| and original research articles,
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for abstract review
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Figure S1 Selection process of clinical studies included in the systematic review and meta-analysis.

Funnel plot of studies for major bleeding

0.0
[¢]
OO O
0.5 ¢}
o
S
]
o
g 1.0
2 o
pui o}
n
15 e} (9 o}
O
20 <
-
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 15 2.0

Log risk ratio

Figure S2 Funnel plot for assessment of publication bias for major bleeding. Each dot represents a study; Y-axis represents the size of the

study and the X-axis shows the study results. ACT, activated clotting time.



Regression of activated clotting time (ACT) in heparin arm on log risk ratio of major bleeding
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Figure S3 Meta regression of ACT in heparin on major bleeding. Each circle represents a study; Y-axis represents ACT values in heparin

arm and X-axis shows log risk ratio of major bleeding. ACT, activated clotting time.



