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complications but raising concerns on a potential increase in the risk of stent thrombosis. We performed
Keywords: an updated meta-analysis to evaluate the efficacy and safety of bivalirudin compared with unfractionated
Blvahr'udm heparin in patients undergoing percutaneous interventions for acute coronary syndromes.
Heparin s . . P . . .
Percutaneous coronary intervention Methods: Literature archlve§ and main scientific sessions were scanned. The primary efﬁcacy en(.jpomt
Meta-analysis was 30-day overall mortality. Secondary endpoints were stent thrombosis and major bleeding. A
prespecified analysis was conducted according to clinical presentation.

Results: Twelve randomized trials were included, involving 32 746 patients (52.5% randomized to
bivalirudin). Death occurred in 1.8% of the patients, with no differences between bivalirudin and heparin
(oddsratio=0.91; 95% confidence interval, 0.77-1.08; P=.28; Pfor heterogeneity = .41). Similar results were
obtained for patients with non—ST-segment elevation and in ST-segment elevation myocardial infarction.
A significantly higher rate of stent thrombosis was observed with bivalirudin (odds ratio = 1.42; 95%
confidence interval, 1.09-1.83; P = .008; P for heterogeneity = .09). Bivalirudin was associated with a
significant reduction in the rate of major bleeding (odds ratio = 0.60; 95% confidence interval, 0.54-0.75;
P <.00001; P for heterogeneity < .0001), which, however, was related to the differential use of glycoprotein
[Ib/Illa inhibitors (r = —0.02 [-0.033 to —-0.0032]; P = .02) and did not translate into survival benefits.
Conclusions: In patients undergoing percutaneous coronary interventions, bivalirudin is not associated
with a reduction in mortality compared with heparin but does increase stent thrombosis. The reduction
in bleeding complications observed with bivalirudin does not translate into survival benefits but is
rather influenced by a differential use of glycoprotein IIb/Illa inhibitors.

© 2016 Sociedad Espafiola de Cardiologia. Published by Elsevier Espafia, S.L.U. All rights reserved.

Bivalirudina frente a heparina no fraccionada en sindromes coronarios agudos:
un metanalisis actualizado de ensayos aleatorizados

RESUMEN
Palabras clave: Introduccion y objetivos: Se han presentado datos contradictorios respecto al uso de bivalirudina como
BW&“F“‘“ estrategia de anticoagulacion durante las intervenciones coronarias percutaneas, puesto que aporta
:'lipa”“au ) . beneficios tedricos en cuanto a las complicaciones hemorragicas, pero preocupa el posible aumento del
ntervencion coronaria percutanea . . iz T . . .
Metanalisis P riesgo de trombosis del stent. Se realiz6 un metanalisis actualizado para evaluar la eficacia y la seguridad

de la bivalirudina comparada con la heparina no fraccionada en pacientes sometidos a intervenciones
percutaneas por sindromes coronarios agudos.

Meétodos: Se realizé una bsqueda de articulos en la literatura médica y en actas de reuniones cientificas
importantes. El objetivo principal de eficacia fue la mortalidad total a 30 dias. Los objetivos secundarios
fueron evaluar trombosis del stent y hemorragias mayores. Se llev6 a cabo un analisis preespecificado
segln la forma de presentacion clinica.

Resultados: Se incluyeron 12 ensayos aleatorizados con un total de 32.746 pacientes (el 52,5% asignados
aleatoriamente a bivalirudina). La mortalidad fue del 1,8%, sin que se apreciaran diferencias entre la
bivalirudina y la heparina (odds ratio = 0,91; intervalo de confianza del 95%, 0,77-1,08; p = 0,28; p para
la heterogeneidad = 0,41). Se obtuvieron resultados similares en los pacientes con infarto de miocardio
sin y con elevacion del segmento ST. Se observd una tasa de trombosis del stent significativamente
superior con bivalirudina (odds ratio = 1,42; intervalo de confianza del 95%, 1,09-1,83; p = 0,008; p para la
heterogeneidad = 0,09). La bivalirudina se asoci6 a una reduccion significativa de la tasa de hemorragias
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mayores (odds ratio = 0,60; intervalo de confianza del 95%, 0,54-0,75; p < 0,00001; p para la
heterogeneidad < 0,0001) que, sin embargo, estaba relacionada con la diferencia existente en el uso de
inhibidores de la glucoproteina IIb/Illa (r = -0,02 [-0,033 a -0,0032]; p = 0,02) y no se tradujo en un efecto

favorable en supervivencia.

Conclusiones: En pacientes sometidos a intervenciones coronarias percutaneas, la bivalirudina,
comparada con la heparina, no se asocié a una reducciéon de la mortalidad, pero si a un aumento
de trombosis del stent. La reducciéon de las complicaciones hemorragicas observada con el uso de
bivalirudina no se tradujo en un efecto beneficioso en la supervivencia, en cambio estuvo influida por
una diferencia en el uso de inhibidores de la glucoproteina IIb/Illa.

© 2016 Sociedad Espaiiola de Cardiologia. Publicado por Elsevier Espaiia, S.L.U. Todos los derechos reservados.

Abbreviations

ACS: acute coronary syndrome

NSTEMI: non—ST-segment elevation myocardial infarction
PCI: percutaneous coronary intervention

STEMI: ST-segment elevation myocardial infarction

UFH: unfractionated heparin

INTRODUCTION

Increasing complexity in patients admitted for acute coronary
syndrome (ACS) is rendering more and more challenging the
management of antithrombotic therapies, requiring continuous
balancing between the risks of bleeding and thrombotic complica-
tions.' 3

Bivalirudin has been proposed as an alternative strategy to
unfractionated heparin (UFH) for anticoagulation during percuta-
neous coronary interventions (PCI), offering several theoretical
advantages including activity against clot-bound thrombin,
inhibition of thrombin-induced platelet activation, short plasma
half-life, and a lower dependence on renal clearance.*

Moreover, the first studies suggested that bivalirudin could
provide similar effectiveness to UFH, but with a significant
reduction in bleeding complications.>® However, these trials did
not consider patients with ACS, in whom the balance between
bleeding and ischemic events is more complex.

In these settings, more recent clinical trials and pooled
analyses’™® have suggested that bivalirudin could be associated
with an even higher risk of stent thrombosis and myocardial
infarction, while offering no advantage in the reduction of
hemorrhagic complications, besides raising the hypothesis that
the differences in bleedings observed with bivalirudin could be
affected by access-site bleedings or by greater use of glycoprotein
[Ib/Illa (GPIIb/IIIa) inhibitors, in association with UFH.

Therefore, the MATRIX trial'® has been conducted, comparing
bivalirudin with UFH in ACS patients, randomly assigned to
undergo PCI by either the radial or femoral route, showing no
advantage from the use of bivalirudin in terms of ischemic,
bleeding or combined endpoints. Therefore, the aim of the current
study was to perform the most comprehensive meta-analysis to
evaluate the safety and efficacy of bivalirudin compared with UFH
during PCI, including the data from most recent randomized trials
in the setting of ACS.

METHODS
Eligibility and Search Strategy

The literature was scanned by formal searches of electronic
databases (MEDLINE, Cochrane and EMBASE) for clinical studies

and scientific session abstracts, searched on the TCT,'" EuroPCR,'?
ACC,"® AHA,' and ESC,'®> websites for oral presentations and/or
expert slide presentations from January 1990 to September 2015.
The following keywords were used: “bivalirudin and acute
coronary syndrome” or “bivalirudin versus heparin” or “bivalir-
udin and trial”. No language restrictions were enforced.

Data Extraction and Validity Assessment

Data were independently abstracted by 2 investigators. If the
data were incomplete or unclear, authors were contacted, when
possible. Disagreements were resolved by consensus. Data were
managed according to the intention-to-treat principle.

Outcome Measures

The primary efficacy endpoint was overall mortality at 30 days
of follow-up. The secondary endpoint was the occurrence of stent
thrombosis at 30 days. The primary safety endpoint was the
occurrence of major bleedings (according to per protocol defini-
tion) within the first 30 days from randomization. A prespecified
meta-analysis was conducted according to patients’ presentation
(non—ST-segment elevation ACS or ST-segment elevation myocar-
dial infarction [STEMI]).

Data Analysis

The statistical analysis was performed using the Review
Manager 5.23 freeware package, SPSS 17.0 statistical package.
Odds ratios (OR) and 95% confidence intervals (95%CI) were used as
summary statistics. The pooled OR was calculated by using a fixed
effect model. The Breslow-Day test was used to examine the
statistical evidence of heterogeneity across the studies (P < .1). A
random-effect model was also applied to confirm our results
(DerSimonian and Laird random-effects model). The study quality
was evaluated by the same 2 investigators according to a score,
which, as previously described,'® was expressed on an ordinal
scale, allocating 1 point for the presence of each of the following: a)
statement of objectives; b) explicit inclusion and exclusion
criteria; c¢) description of the intervention; d) objective means of
follow-up; e) availability of data on endpoint events; f) power
analysis; g) description of statistical methods; h) multicenter
design; i) discussion of withdrawals, and j) details on medical
therapy. A meta-regression analysis was carried out to evaluate the
following: the relationship between the benefits in mortality from
bivalirudin vs UFH and patients’ risk profile (as log of the OR for
mortality in the control group); the impact on mortality of
the reduction in bleeding complications with bivalirudin (as log of
the OR for bleeding events in the bivalirudin vs control groups); the
bleeding reduction with bivalirudin and patients’ risk profile (as
log of the OR for bleeding events in the control group). The study
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was performed in compliance with the Quality of Reporting of
Meta-Analyses (PRISMA) guidelines.!”

RESULTS

Eligible Studies

A total of 12 randomized clinical trials>”%1918-25 were finally
included, for a total population of 32 746 patients (Figure 1). One
study was excluded as it included only 24% of non—ST-segment
elevation myocardial infarction (NSTEMI) patients.’® Detailed
characteristics of included trials are shown in Table 1. Among
them, 17 189 patients (52.5%) were randomized to bivalirudin and
15 557 patients (47.5%) to UFH with or without planned GPIIb/Illa
inhibitors. Preprocedural fondaparinux was administered in 100% of
patientsin 1 trial.?2 As shownin Table 2, the mean age was 61.9 4+ 2.1
years, with 19.5% of diabetics and 13.9% with renal failure. Use of GPIIb/
[lla inhibitors was 15.1% in the bivalirudin group (excluded in
3 trials>'®?® and 49.7% in the UFH group (planned 100% in
5 trials).”'®192325  Six  trials were conducted in STEMI
patients,®!10131516.18 \while 8 trials focused on patients with ACS
(unstable angina [UA]/NSTEMI).>7-101922-25  Follow-up data were
collected at 30 days in 10 trials,”®10-18-2123-25j5_hospital in 2 trials,>**
and in 1 follow-up was performed 48 hours after discharge.>®

Clinical Outcome
Overall mortality

Data on overall mortality were available in 32 472 patients
(99.1%). Death occurred in 563 (1.7%) of patients. As shown in

Overall mortality

217 potentially

relevant citations
identified

101 citations excluded as not

l —) elevant to the meta-analysis

116 studies comparing
bivalirudin with heparin in

patients undergoing PCI

104 studies excluded as:

- Duplicate studies
— . No original data

- No data on mortality or clinical

12 randomized trials outcome

included in final

meta-analysis

Figure 1. Flow diagram of the systematic overview process. PCI, percutaneous
coronary intervention.

Figure 2, no difference in mortality was observed between
bivalirudin and UFH (1.6%, [276 of 17 070] vs 1.8% [287 of 15
402],0R=0.91; 95%Cl,0.77-1.08; P=.28; P for heterogeneity =.41).

Similar results were obtained for patients with UA/NSTEMI
(0.96%, [99 of 10 248] vs 0.8% [62 of 7843], OR = 1.13; 95%CI, 0.82-
1.55; P = .47; P for heterogeneity = .56) and in STEMI (2.6% [177 of
6822] vs 3% [225 of 7559], OR = 0.84; 95%CI, 0.69-1.02; P=.08; P for
heterogeneity = .37; P for interaction = .12).

No difference in mortality with bivalirudin was confirmed by
applying a random-effect model to the analysis (OR = 0.91; 95%ClI,
0.76-1.09; P = .31; P for heterogeneity = .41), with no difference in
non—ST-segment elevation ACS and STEMI patients.

By meta-regression analysis no significant relationship was
observed between benefits in mortality with bivalirudin compared

Bivalirudin Heparin Odds ratio Odds ratio

Study Events Total Events Total M-H, fixed, 95%ClI Weight M-H, fixed, 95%Cl
NSTE-ACS

ACUITY? 58 5228 23 2561 = 10.9% 1.24 [0.76-2.01]
HAS® 9 2059 4 2039 - 1.4% 2.23 [0.69-7.26]
ISAR-REACT 4'° 14 860 12 861 s 4.2% 1.17 [0.54-2.55]
MATRIX-ACS'° 17 1598 22 1605 7.7% 0.77 [0.41-1.46]
PROTECT-TIMI 30% 1 267 0 530 — 0.1% 5.97 [0.24-147.09]
SWITCH 11122 0 51 0 49 Not estimable
TENACITY?* 0 185 1 198 < . 0.5% 0.35[0.01-8.77]
Subtotal (95%Cl) 99 10 248 62 7843 <> 25.4% 1.13 [0.82-1.55]
Heterogeneity: chi-square = 4.89, df = 6 (P = .56); 12= 0%

Test for overall effect: Z=0.73 (P = .47)
STEMI

BRAVE 420 7 271 7 277 2.4% 1.02 [0.35-2.96]
BRIGHT?® 13 735 28 1459 ! 6.6% 0.92[0.47-1.79]
EUROMAX8 32 1089 34 1109 11.6% 0.96 [0.59-1.56]
HEAT-PPCI?! 46 915 39 914 I 13.2% 1.19[0.77-1.84]
HORIZONS-AM|'8 37 1800 56 1802 = 19.5% 0.65[0.43-1.00]
MATRIX-STEMI'® 42 2012 61 1998 — 21.3% 0.68 [0.45-1.01]
Subtotal (95%Cl) 177 6822 225 7559 < 74.6% 0.84 [0.69-1.02]
Heterogeneity: chi-square = 5.38, df = 5 (P =.37); 2= 7%

Test for overall effect: Z = 1.73 (P = .08)

Total (95%Cl) 276 17070 287 15402 100.0% 0.91[0.77-1.08]
Heterogeneity: chi-square = 12.47, df = 12 (P = .41); 2= 4%

Test for overall effect: Z=1.08 (P = .28) ) ) )

Test for subgroup differences: chi-square = 2.36, df = 1
(P=.12),12=57.7%

0.1 0.2
Favours bivalirudin

05 1 2 5 10
Favours heparin

Figure 2. Bivalirudin vs unfractionated heparin on overall mortality (within 30 days) with odds ratios and 95% confidence intervals. The size of the data markers
(squares) is approximately proportional to the statistical weight of each trial. 95%CI, 95% of confidence interval.



Table 1
Characteristics of Included Studies

Study name Enrolment year Type Study population Inclusion criteria Exclusion criteria Quality
score
ACUITY’ 2003-2005 Multicenter ACS e Age > 18y o STEMI 10
RCT e Symptoms of UA for > 10 min e Shock
within the preceding 24 hours and o Bleeding diathesis or major bleeding episode < 2 wk
at least 1 among: a) new ST- e Thrombocytopenia
segment depression or transient o Creatinine clearance < 30 mL/min
elevation of > 1 mm; b) raised e Recent administration of abciximab, warfarin, fondaparinux,
troponin I, T, or CK-MB isozyme, or fibrinolytic agents, bivalirudin, or 2 or more doses of LMWH
c) known coronary artery disease o Allergy to study drugs or iodinated contrast that could not be
adequately premedicated
HAS® 1993-1994 Multicenter UA, angina after e Chest pain e Serum creatinine > 3.0 mg/dL 9
RCT myocardial e Age >21y e Thrombolytic therapy within the previous 24 hours
infarction o Urgent angioplasty for UA o Scheduled for coronary atherectomy, stenting or laser angioplasty
e Written informed consent e Scheduled for a staged angioplasty procedure
e Pregnancy
o Could not tolerate aspirin or heparin
EUROMAX® NA Multicenter STEMI e Men and nonpregnant women o Bleeding diathesis or hematological disease or history of 10
RCT e Age > 18y intracerebral mass, aneurysm, arteriovenous malformation,
e Symptoms with a presumed hemorrhagic stroke, intracranial hemorrhage, or bleeding < 2 wk
diagnosis of STEMI < 12 h o Surgery < 2 wk
e Any of the following conditions: e Warfarin (not if international normalized ratio known to be < 1.5)
ST-segment elevation > 1 mm in e UFH, LMWH or bivalirudin before randomization
2 contiguous leads on ECG, e Thrombolytic therapy < 48 h
presumed new LBBB, or ST- e Absolute contraindications, or allergy that cannot be
segment depression of > 1 mmin at premedicated, to iodinated contrast or to any of the study
least 2 leads in V;-V3 with a medications
positive terminal T wave.; intention o Contraindications to angiography
of performing primary PCI < 2 h e Pregnant or nursing mothers
after first medical contact. o Creatinine clearance < 30 mL/min or dialysis
e Previous enrollment in this or other studies
e Not available primary PCI-capable hospital
o Estimated body weight of > 120 kg
HORIZONS-AMI'® 2005-2008 Multicenter RCT STEMI o Age > 18 years « Contraindications to study drugs 11

e Symptom duration of 20 min to
720 min

e ST-segment elevation > Tmm in
2 or more contiguous leads, new
LBBB, or true posterior myocardial
infarction

e Previous administration of thrombolytic therapy, bivalirudin, GP
inhibitors, LMWH, or fondaparinux for the present admission

e Warfarin use

o History of bleeding diathesis, coagulopathy, heparin-induced
thrombocytopenia, intracerebral mass, aneurysm, arteriovenous
malformation, or previous hemorrhagic stroke

o Stroke or TIA < 6 mo or any permanent neurological deficit

o Refusal to receive blood transfusions

e Gastrointestinal or genitourinary bleeding < 2 mo

e Major surgery < 6 wk

e Known platelet count < 100 000/wL or hemoglobin < 100 g/L
e Planned elective surgical procedure

o Coronary stent implantation < 30 d

o Life expectancy < 1y
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Table 1 (Continued)
Characteristics of Included Studies

Study name Enrolment year Type

Study population

Inclusion criteria

Exclusion criteria

Quality
score

ISAR-REACT 4'° NA Multicenter

RCT

Multicenter
RCT

BRAVE-4%° 2009-2013

Angina or UA with
positive cardiac
markers

STEMI

e Angina > 20 min or recurrent
episodes within 48 h

e Increase of cardiac biomarkers
o Coronary stenosis requiring PCI

o 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

o Informed written consent

o Acute myocardial infarction < 48 hours

o Cardiogenic shock

o Pericarditis

o Malignancy or other comorbid conditions with life expectancy <
1 year

e Active bleeding or a bleeding diathesis or history

e Any history of intracranial bleeding or structural intracranial
abnormalities

o Refusal to receive a transfusion

e Blood pressure > 180/110 mmHg despite therapy

o Planned staged PCI procedure within 30 d or PCI within the prior
30d

e Hemoglobin < 100 g/L, platelet count < 100 x 109 cells/L or >
600 x 109 cells/L

e GFR < 30 mL/min or serum creatinine > 30 mg/L

o Allergy or intolerance to any study drug or to stainless steel or to
contrast media

e Pregnancy

e Coumarin within 7 d

o GPIIb/Illa inhibitors < 14 d, UFH within 4 h, LMWH < 8 h, and
bivalirudin < 24 h

e Age < 18y

e Cardiogenic shock or prolonged CPR

e Active bleeding, bleeding diathesis, coagulopathy

o History of GI or genitourinary bleeding within the previous 2 mos
o Refusal to receive blood transfusion

e Major surgery in the last 6 wk

o History of intracranial bleeding or structural abnormalities

o Suspected aortic dissection

o Prior TIA, prior stroke

e Heparin-induced thrombocytopenia

e Prior administration of thrombolytics, bivalirudin, LMWH, or
fondaparinux for the index myocardial infarction

o Known relevant hematological deviations: hemoglobin < 100 g/L,
platelet count < 100 x 10°/L

e Use of coumadin derivatives within the last 7 d

o Chronic therapy with NSAIDs (except aspirin), COX-2 inhibitors,
prasugrel, ticagrelor

o Life expectancy < 1y

o Severe liver disease

o Renal failure with GFR < 30 mL/min and/or dialysis

e Known allergy to the study medications

e Previous enrollment in this trial

e« Women who are pregnant, who are of childbearing potential and
test positive for pregnancy or are breastfeeding

o [nability to fully cooperate with the study protocol

10

10

HEAT-PPCI?! 2012 - 2013 Single center,

RCT

STEMI

o STEMI patients activating primary
PCI pathway

e Active bleeding at presentation

o Factors precluding administration of oral antiplatelet therapy
o Intolerance/contraindication to trial medication

e Previous enrolment in this trial

9€L
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Table 1 (Continued)
Characteristics of Included Studies

Study name Enrolment year Type Study population Inclusion criteria Exclusion criteria Quality
score
SWITCH 111*? NA Multicenter NSTEMI patients e Age >18y e ST-segment elevation within the preceding 48 h 9
RCT initially treated e ACS without persistent ST- o Patient weight > 400 pounds (181.2 kg) or < 110 pounds (50 kg)
with fondaparinux segment elevation meeting > 1 of e Patients receiving doses other than the 2.5 mg subcutaneous
and undergoing the following criteria: elevated CK- fondaparinux LMWH, GPIIb/Illa inhibitors or bivalirudin within the
early invasive MB or troponin I or T (above upper preceding 24 h
strategy limit of normal), or ECG indicative e Treatment with UFH <90 min prior to fondaprinux
of ischemia (not persistent ST- administration
segment elevation) e Known bleeding diathesis, on warfarin therapy, or active bleeding
e PCI scheduled within the previous 6 mo
e Willing to conform to the o Diagnosis of acute bacterial endocarditis
requirements of the study and e Cardiogenic shock or a need for intra-aortic balloon pump
voluntarily signs an informed insertion
consent e Major/minor stroke or TIA within the past 6 mo
e Angioplasty of >1 coronary artery e Renal dysfunction (creatinine > 3.0 mg/dL), status postrenal
with target lesion stenosis < 100% transplant, patients with angioplasty within the previous 30 d
e Therapies including aspirin (dose e Contraindication to LMWH, UFH or bivalirudin
per standard of care in each e Pregnant or lactating women
facility), clopidogrel loading dose of e Unprotected left main disease with > 50% stenosis
600 mg if not already on e Patients requiring staged PCI
clopidogrel chronic 75 mg e Visual thrombus on angiography
treatment)
BRIGHT?® 2012- 2013 Multicenter STEMI/NSTEMI e Age 18to 80y e Thrombolysis within 72 h 9
RCT patients with e STEMI within 12 h of symptom e Cardiogenic shock
planned emergency onset, or within 12-24 h if ongoing e Any anticoagulant agents used within 48 hours before
PCI chest pain, continuous ST elevation randomization
or new LBBB e Active bleeding or bleeding diathesis
o NSTEMI within 72 h of symptom « Hemoglobin < 100 g/L or platelet count < 100 x 10°/L
onset o Creatinine clearance < 30 mL/min
e Planned emergency PCI e Known allergy to the study drugs or devices (including heparin
e Written informed consent before induced thrombocytopenia)
catheterization
TENACITY?* 2011 Single center, ACS o Moderate-to-high-risk PCI: e Abciximab within 14 d, thrombolytic therapy within 12 h, or 8

RCT

patients undergoing elective or
urgent PCI with current or recent (<
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

tirofiban, eptifibatide, or LMWH within 10 h
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Table 1 (Continued)
Characteristics of Included Studies

Study name Enrolment year Type Study population Inclusion criteria Exclusion criteria Quality
score
PROTECT-TIMI 30%° 2003-2004 Multicenter ACS e Age 18 to 80 y « Unresponsive hypertension 9
RCT o Hospitalized with UA/NSTEMI o STEMI within 24 h
with chest discomfort or an anginal e PCI within the previous 2 wk
equivalent at rest > 10 min; o Intraventricular conduction defect, pacing
consistent with ACS, with at least o Left ventricular hypertrophy or any other electrocardiographic
1 high-risk feature (ie, diabetes finding that could make continuous ECG monitoring
mellitus, a positive cardiac uninterpretable
troponin T or I or CK-MB, ST- e Cardiogenic shock
segment deviation > 0.5 mm, or o History of a bleeding diathesis or evidence of active bleeding
TIMI risk score within 30 d
e PCI of a native coronary artery o History of a hemorrhagic stroke at any time, stroke or TIA of any
etiology within 30 days
o Platelet count of < 100 000/uL
e Major surgery within the previous 6 wk
e Any LMWH within the previous 12 h
e Treatment with any GPIIb/Illa inhibitors in the previous 30 d or
concurrent or anticipated treatment
e Concurrent treatment with warfarin
o Estimated creatinine clearance < 30 mL/min
e Treatment of in-stent restenosis; or anticipated or staged PCI
within 48 h
MATRIX'? October Multicenter ACS or STEMI For ACS all of the following 3 factors: e Patients who cannot give informed consent or have a life 10
2011-November RCT e History consistent with new, or expectancy < 30 d
2014 worsening ischemia, occurring at e Allergy or intolerance to bivalirudin or UFH

rest or with minimal activity

e Enrolment within 7 d of the most
recent symptoms

e Planned coronary angiography
with indication to PCI; at least 2 of
the following: age > 60 years;
troponin T or I or CK-MB above the
upper limit of normal; ECG changes
compatible with ischemia, ie, ST
depression of >1 mm in

2 contiguous leads, T-wave
inversion > 3 mm, or any dynamic
ST shifts

For STEMI both:

o 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 V;-V3 with a positive
terminal T wave

e Admission either within 12 h of
symptom onset or between 12 and
24 h after onset with continuing
ischemia or previous fibrinolytic
treatment

e Treatment with LMWH within the past 6 h

e Treatment with any GP inhibitor in the previous 3 d

e Absolute contraindications or allergy, that cannot be
premedicated, to iodinated contrast or to any of the study
medications, including both aspirin and clopidogrel

e Contraindications to angiography, including but not limited to
severe peripheral vascular disease

o If known, a creatinine clearance < 30 mL/min or dialysis
dependent

e Previous enrolment in this study PCI in the previous 30 d

8¢L
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ACS, acute coronary syndrome; CK-MB, creatine kinase-myocardial band; COX-2, cyclooxygenase 2; CRP, cardiopulmonary resuscitation; ECG, electrocardiogram; GFR, glomerular filtration rate; GP, glycoprotein; GPIIb/IIIa,
glycoprotein IIb/Illa; INR, international normalized ratio; LBBB, left bundle branch block; LMWH, low-molecular weight heparin; NA, not available; NSAID, nonsteroidal anti-inflammatory drugs; NSTEMI, non—ST-segment elevation
myocardial infarction; PCI, percutaneous coronary intervention; RCT, randomized clinical trial; STEMI, ST-segment elevation myocardial infarction; TIA, transient ischemic accident; TIMI, Thrombolysis In Myocardial Infarction; UA,
unstable angina; UFH, unfractionated heparin.



Table 2

Clinical Features of Patients in Included Studies

ACUITY’ Periprocedural 0.75 mg/kg bolus Bolus of 60 [U/kg 5228 2561 365 63 63 74 73 28 28 53 97
bivalirudin or infusion of 1.75 mg/  plus infusion of
periprocedural kg per h for the 12 IU/kg per h
bivalirudin + planned procedure duration
GPIIb/Illa inhibitors for
12-h to 18-h
HAS® Periprocedural 1.0 mg/kg of body Bolus dose of 2161 2151 180 63 62 77 78 21 21 0 0
bivalirudin vs UFH weight, followed bya 175 U/kg
4-h infusion of 2.5 followed by an
mg/kg/h and a 14-h  18-h to 24-h
to 20-h infusion of infusion at a rate
0.2 mg/kg/h of 15 U/kg/h
EUROMAX?® Periprocedural 0.75 mg/kg and 1001U/kgor601U 1089 1109 30 61 62 73.7 77.6 11.7 15.3 11.5 69.1
bivalirudin vs heparin infusion of 1.75 mg/  with a GPIIb/Illa
(provisional GPIIb/Illa kg/h continued for at  inhibitor or
inhibitors) least 4 hours after enoxaparin
PCl
HORIZONS-AMI'® Periprocedural 0.75 mg/kg and Bolus of 60 IU/kg 1800 1802 1095 59.8 60.7 771 76.1 16.5 17.3 7.2 94.5
bivalirudin vs UFH + infusion of 1.75 mg/  to an ACT of 200 s
planned GPIIb/Illa kg/h to 250 s
inhibitors
ISAR -REACT 4'° Bivalirudin vs UFH + 0.75 mg/kg of Bolus of 70 U/kg 860 861 365 67.5 67.5 769 76.8 28.3 29.8 0 100
planned abciximab bivalirudin, followed of UFH
by an infusion of 1.75
mg/kg/h for the
duration of the
procedure
BRAVE- 4%° Periprocedural 0.75 mg/kg, followed Bolus of 70-100 271 277 30 61.4 614 76 79 17 15 3 6.1
bivalirudin + prasugrel by infusion of 1.75 U/kg of UFH
vs UFH + clopidogrel mg/kg/h for the
(provisional use of duration of the
GPIIb/Illa inhibitors) procedure
(adjustment for CKD)
HEAT-PPCI?! Periprocedural Bolus of 0.75 mg/kg + 70 U/kg body 915 914 28 62.9 636 715 73.1 12.6 15.1 13.5 15.5
bivalirudin vs UFH infusion of 1.75 mg/  weight
(bailout GPIIb/Illa kg/h for procedure preprocedure
inhibitors) duration
SWITCH I11*? Periprocedural Bolus of 0.75 mg/kg + Bolus of 60 U/kg, 51 49 In-hospital  63.3 62.2 72.5 63.3 13.7 204 3.9 12.2
bivalirudin vs UFH infusion of 1.75 mg/  adjusted to
(provisional use of kg/h for procedure achieve and
Gpllb/llla inhibitors) duration maintain an ACT
of above 200 s
BRIGHT?? Periprocedural 0.75 mg/kg bolus + Heparin 100 U/kg 735 1459 365 57.3 58.2 82.7 81.9 229 214 4.4 52.8

bivalirudin vs UFH
(bailout GPIIb/Illa
inhibitors)

1.75 mg/kg/h
infusion

bolus + additional
dose if ACT <
200 s
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Table 2 (Continued)

Clinical Features of Patients in Included Studies

TENACITY?* Periprocedural 0.75 mg/kg bolus + 50 U/kg 185 198 30 - — - — - — 100 100
bivalirudin + planned 1.75 mg/kg/h
GPIIb/Ila inhibitors vs infusion
UFH + planned GplIb/Illa
inhibitors
PROTECT-TIMI 30%°  Periprocedural 0.75 mg/kg bolus + Double bolus of 284 573 48 h after  59.7 60 68.3 66 44.4 36.5 0 99
bivalirudin vs 1.75 mg/kg/h eptifibatide discharge
eptifibatide plus UFH/ infusion (180 pg/kg IV
enoxaparin infusion for 18-h
to 24-h plus
reduced dose
bolus of UFH
(50 U/kg) or 0.5
mg/kg
MATRIX'® Periprocedural 0.75 mg/kg bolus of ~ 70-100 U/kg (or 3610 3603 30 65.4 65.4 75.7 75.7 22.6 21.8 4.6 25.9

bivalirudin vs UFH
(provisional use of

Gpllb/Illa inhibitors,

bailout only in
bivalirudin group)

bivalirudin, followed

by infusion of 1.75
mg/kg/h until
completion of the
PCI, then either

stopped or prolonged

(full dose for up to

4 hours of a reduced
dose of 0.25 mg/kg/h
for > 6 h) according

to assignment

50-70 U/kg in
patients receiving
GPIIb/Illa
inhibitors)

ACT, activated clotting time; CKD: chronic kidney disease; DM, diabetes mellitus; GP, glycoprotein; GPIIb/Illa, glycoprotein IIb/Illa; IV, intravenous; UFH: unfractionated heparin.
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1.00 ;
070 O Stent thrombosis
0.40 ) ) ) )
-% 0.10- Heparin better Data on stent thrombosis were available in 19977 patients
% ~0.20 (60.8%), out of 8 studies.” 3-8 Stent thrombosis occurred in 264
3 :g'gg: (1.3%) of patients. Bivalirudin significantly increased the risk of
2 1104 o o stent thrombosis (1.5% [168 of 10 947] vs 1% [96 of 9030], OR =
= 1404 1.42; 95%CI, 1.09-1.83; P = .008; P for heterogeneity = .09), as
‘;-;g' Bivalirudin better r=-0.50 (-1.120 0.14); P= .12 shown in Figure 4.
084 268 252 235 219 203 187 170 154 138 122 A similar trend for I?ivalirudin was cpnﬁrmed when a random-
Mortality (Log odds) control effect model was applied to the analysis (OR = 1.46; 95%CI, 0.97-
2.19; P = .07; P for heterogeneity = .09).
B 1.00
0.70+ O
0.40-
% 0.10- Heparin better Major Bleeding Complications (per Protocol Definition)
5 —0.20
§ :8'28: Bleedings, as per protocol definition, were reported within
2 _1104 o the first 30 days from randomization in 32 731 patients (99.9%).
~ _1.40- A major bleeding occurred in 1537 patients (4.7%), with a
~1.70 Bivalirudin better r=-029(-075100.17); P=.22 significant reduction of events in patients treated with bivalirudin
-2.00

compared with UFH (3.9%, [667 of 17 183] vs 5.6% [870 of 15 548];
OR = 0.60; 95%Cl, 0.54-0.75; P < .00001; P for heterogeneity
< .0001) (Figure 5). Similar results were obtained in patients with
non—ST-segment elevation ACS (3.9% [410 of 10 361] vs 5.8%
[467 of 7089], OR = 0.58; 95%Cl, 0.50-0.67; P < .00001; P for
heterogeneity =.0004). or STEMI (3.7% [257 of 6822] vs 5.3% [403 of
7559], OR = 0.64; 95%ClI, 0.54-0.75; P < .00001; P for heterogeneity
=.004; P for interaction = .37).

The result was confirmed when a random-effect model was
applied to the meta-analysis (OR = 0.60; 95%CI, 0.46-0.77;
P < .0001; P for heterogeneity < .0001).

By meta-regression analysis, no significant relationship was
observed between benefits in bleeding complications with
bivalirudin compared with UFH, and patient risk profiles
(r=-0.09 [-0.58 to 0.39]; P=.71), whereas a positive association

T T T T T T T T T
-2.84 -268 -252 -2.35 -2.19 -2.03 -1.87 -1.70 -1.54 -1.38 -1.22
Bleedings reduction-per protocol (Log odds ratio)

Figure 3. Fixed-effect meta-regression analyses for the risk (odds ratio) of
mortality between bivalirudin and unfractionated heparin according to
patients’ risk profile (A) or the reduction in major bleedings with
bivalirudin (B). The size of the circle corresponds to the statistical weight of
each study.

with UFH, and patient risk profiles or the reduction in bleeding
complications (r = —0.50 [-1.12 to 0.14]; P = .12) and (r = —0.29
[-0.75 to 0.17]; P = .22) (Figures 3A and 3B respectively). Lack of
impact on survival for the reduction in bleeding complications was
similarly observed among patients with UA/NSTEMI (r = —1.05[-2.5
to 0.40]; P =.16) and STEMI (r = —0.94[—-1.19 to 3.08]; P = .39).

Stent thrombosis

Bivalirudin Heparin Odds ratio Odds ratio

Study Events Total Events Total M-H, fixed, 95%ClI Weight M-H, fixed, 95%ClI
NSTE-ACS*

SWITCH 11122 0 51 0 49 Not estimable
ISAR-REACT 419 6 860 5 861 - 4.9% 1.20 [0.37-3.96]
ACUITY? 72 5228 31 2561 ! 40.6% 1.14 [0.75-1.74]
Subtotal (95%Cl) 78 6139 36 3471 45.5% 1.15[0.77-1.71]
Heterogeneity: chi-square = 0.01, df =1 (P =.93); 12= 0%

Test for overall effect: Z = 0.67 (P = .50)

STEMI”

BRAVE 420 3 269 4 275 3.9% 0.76 [0.17-3.45]
HEAT-PPCI2! 24 915 6 914 > 58% 4.08[1.66-10.02]
EUROMAX8 17 1089 6 1109 - = 5.8% 2.92[1.15-7.42]
BRIGHT23 4 735 11 1459 e E— 7.2% 0.72[0.23-2.27]
HORIZONS-AM|8 42 1800 33 1802 = 31.8% 1.28 [0.81-2.03]
Subtotal (95%CIl) 90 4808 60 5559 < 54.5% 1.64 [1.17-2.29]
Heterogeneity: chi-square = 9.46, df = 4 (P =.05); 12= 58%

Test for overall effect: Z = 2.91 (P =.004)

Total (95%Cl) 168 10 947 96 9030 <> 100.0% 1.42[1.09-1.83]
Heterogeneity: chi-square = 10.84, df = 6 (P =.09); 12=45%

Test for overall effect: Z = 2.65 (P = .008)

Test for subgroup differences: chi-square = 1.82, } ' ' ' ' i

df=1(P=.18), 1= 44.9% 01 02 05 1 2 5 10

Favours bivalirudin Favours heparin

Figure 4. Bivalirudin vs unfractionated heparin on stent thrombosis (within 30 days), with odds ratios and 95% confidence intervals. The size of the data markers
(squares) is approximately proportional to the statistical weight of each trial. 95%CI, 95% of confidence interval. *Data of the MATRIX trial'® not available according
to clinical presentation.
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Maijor bleedings (study definition)

Bivalirudin Heparin

QOdds ratio Odds ratio

Study Events Total Events Total M-H, fixed, 95%ClI Weight M-H, fixed, 95%ClI
NSTE-ACS

ACUITY7 288 5228 174 2561 l 25.2% 0.80 [0.66-0.97]
HASS 82 2161 210 2151 - 23.1% 0.36 [0.28-0.47]
ISAR-REACT 419 22 860 40 861 — 4.4% 0.54 [0.32-0.91]
MATRIX-ACS10 16 1598 34 1605 —_— 3.8% 0.47 [0.26-0.85]
PROTECT-TIMI 3025 0 282 4 567 . 0.3% 0.22[0.01-4.13]
SWITCH 11122 1 51 0 49 - » 0.1% 2.94[0.12-73.93]
TENACITY24 1 181 5 195 — 0.5% 0.21[0.02-1.82]
Subtotal (95%Cl) 41010 631 467 7989 <& 57.6%  0.58[0.50-0.67]
Heterogeneity: chi-square = 26.36, df = 7 (P = .0004); 12 = 73%

Test for overall effect: Z = 7.64 (P < .00001)

STEMI

BRAVE 420 38 271 33 277 I 3.2% 1.21[0.73-1.99]
BRIGHT23 4 735 26 1459 I 2.0% 0.30[0.10-0.87]
EUROMAX?8 28 1089 67 1109 — 7.4% 0.41[0.26-0.64]
HEAT-PPCI21 32 915 28 914 —r 3.1% 1.15[0.68-1.92]
HORIZONS-AMI18 122 1800 195 1802 - 20.7% 0.60[0.47-0.76]
MATRIX-STEMI10 33 2012 54 1998 — 6.1% 0.60[0.39-0.93]
Subtotal (95%Cl) 257 6822 403 7559 & 42.4%  0.64[0.54-0.75]
Heterogeneity: chi-square = 17.18, df = 5 (P =.004); I12=71%

Test for overall effect: Z = 5.41 (P < .00001)

Total (95%Cl) 667 17 183 870 15548 o 100.0% 0.60 [0.54-0.67]
Heterogeneity: chi-square = 44.16, df = 13 (P<.0001); 12=71%

Test for overall effect: Z = 9.30 (P < .00001) I I |

Test for subgroup differences: chi-square = 0.81,
df=1(P=.37);12=0%

0102 05 1 2 5 10
Favours bivalirudin

Favours heparin

Figure 5. Bivalirudin vs unfractionated heparin on major bleeding complications according to protocol definition (within 30 days), with odds ratios and 95%
confidence intervals. The size of the data markers (squares) is approximately proportional to the statistical weight of each trial. 95%CI, 95% of confidence interval.

A o2
—0.02—+
—0.24+
—0.46—
—0.68—
—0.90—
-1.124
-1.34—
—1.56
—1.78—Bivalirudin better
—2.00

—1.83 —1. 72 -1 62 -1.51 -1.41 -1.31 -1.20 -1.10 -0.99 —0.89 —0.78

Bleedings-per protocol (Log odds) control

Heparin better

oO 0%)@

r=-0.09 (-0.58 to 0.39); P =71

Log odds ratio

@

2.00
1.60— Heparin better r=-0.02 (~0.033 to —0.0032); P = .02
1.20] o
0.80
0.40
0.00

~0.40

~0.80

120

160 o

—2.00 Bivalirudin better

T T T T T T T
-8.35 —2.68 4.02 10.35 16.68 22.99 28.66 34.33 42.00 58.67 66.33
Glycoprotein lIb/llla inhibitors use (differential, %)

Log odds ratio

Figure 6. Fixed-effect meta-regression analyses for the risk (odds ratio) of
major bleedings between bivalirudin and unfractionated heparin according to
patients’ risk profile (A) or the differential rate of glycoprotein IIb/Illa
inhibitors use in the 2 groups (B). The size of the circle corresponds to the
statistical weight of each study.

was found between the reduction in bleeding events with
bivalirudin and the differential rate of GPIIb/llla use
(r = —0.02[-0.033 to —0.0032]; P = .02) (Figures 6A and 6B).

DISCUSSION

This is the most comprehensive meta-analysis evaluating
the effectiveness and safety of bivalirudin, compared with UFH
in patients undergoing coronary angioplasty in the settings
of ACS or STEMI. Our main finding is that bivalirudin does
not reduce mortality compared with UFH but does increase
stent thrombosis. However, bivalirudin is associated with a
significant reduction in major bleeding complications, mainly
driven by those trials administering more aggressive antith-
rombotic therapy with GPIIb/Illa inhibitors in association with
UFH, although this reduction did not translate into survival
benefits.

The PCI is nowadays the most widely preferred strategy for the
treatment of coronary artery disease,”’ even in most complex
coronary anatomies and especially in the setting of STEMI, where
early revascularization has dramatically improved the outcome
of these patients.”3° Antithrombotic therapies have made
important contributions to improving myocardial perfusion
and to preventing thrombotic complications after PCL>!733
However, progressive population aging and the increasing rate
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of comorbidities in patients admitted for ACS render the
management of antiplatelet drugs and anticoagulation more
complex, requiring a mediation between the risk of thrombosis
and bleeding complications.>*

Bivalirudin has emerged in the last years as an alternative
anticoagulation strategy to UFH during PCI. In the first random-
ized trial (HAS [Hirulog Angioplasty Study])® comparing bivalir-
udin with heparin in over 4000 patients undergoing PCI for a
recent ACS, bivalirudin was at least as effective as UFH in
preventing ischemic events and also provided a lower risk of
bleeding.

Similar findings were achieved by the ACUITY trial,” in which
bivalirudin provided a significant reduction in major bleeding
complications in the PCI-treated population, although it slightly
increased the rate of recurrent myocardial infarction.

Analogous benefits in bleeding were reported in the HORIZONS-
AMI trial,'® in which, despite a higher occurrence of stent
thrombosis, bivalirudin reduced mortality in patients undergoing
primary PCI, suggesting that higher-risk STEMI patients could be
those that could derive the greatest benefit from bivalirudin.

Therefore, expectations of bivalirudin have been high, present-
ing it as the safest treatment, especially in those settings with a
higher hemorrhagic risk.

However, the NAPLES-III trial,>®> including elective patients
undergoing PCI with a high bleeding risk score, has shown no
clear benefits from the use of bivalirudin instead of UFH. Similar
results have been achieved in the larger ISAR-REACT-3 trial,®
including elective patients or unstable patients with negative
troponin, in which despite the higher dose of UFH (140 IU/kg),
only a weak reduction in terms of TIMI (Thrombolysis In
Myocardial Infarction) major bleeding events was observed with
bivalirudin.

Indeed, patients with ACS commonly have a higher risk of
bleeding complications than those with stable coronary artery
disease, leading to worse outcomes.>® However, the beneficial
effects of bivalirudin on hemorrhagic complications have also
been questioned in most recent trials including unstable
patients, such as the SWITCH-III, BRAVE-4 and HEAT-PPCI
studies,?°~?? and in real-life registries. In particular, MacHaalany
et al®>” have reported no difference in net clinical adverse events
or ischemic or bleeding complications with bivalirudin vs UFH,
as bivalirudin reduced both ischemic and bleeding complica-
tions in patients undergoing PCI through the femoral route,
but not in radial-treated patients, suggesting a potential
interaction of access-site bleedings influencing the results with
bivalirudin.

In addition, in a recent meta-analysis, Cavender et al°° have
clearly shown that the positive effects of bivalirudin on major
bleeding could be observed only when GPIIb/Illa inhibitors were
used predominantly in the UFH arm only, otherwise displaying no
significant impact on bleeding. Moreover, in this meta-analysis,
when compared with traditional UFH, a bivalirudin-based regimen
increased the risk of myocardial infarction and stent thrombosis,
confirming the safety warning that had already emerged from
previous trials.

Aiming to define the safety and effectiveness of bivalirudin in
PCI, and to shed light on the role of access-site and concomitant
therapies, the MATRIX trial'® has recently included more than
7000 patients with ACS or STEMI undergoing a double randomiza-
tion to bivalirudin or UFH and to transradial or transfemoral PCIL.
The study was negative for both endpoints of major adverse
cardiovascular events and net adverse clinical events, with
bivalirudin not emerging as statistically superior to UFH at 30 days
but displaying a higher-than-expected rate of myocardial infarc-
tion and stent thrombosis. Moreover, no significant interaction of
access-site was noted.

138

However, as the MATRIX trial included both STEMI and NSTEMI
ACS patients, it remains to be determined whether any subset of
patients, according to the type of ACS presentation, could most
benefit from bivalirudin

In view of the relevant results of this recent large trial, the
present study represents the most up-to-date meta-analysis
comparing bivalirudin to UFH in patients undergoing PCI for
ACS, including a prespecified subanalysis according to presenta-
tion.

Our main findings are consistent with those of previous
studies showing no difference in mortality with the 2 antith-
rombotic regimes. As expected, bivalirudin significantly reduced
the rate of major bleeding complications, but this reduction
did not translate into mortality benefits. Moreover, the observed
reduction in hemorrhagic complications was significantly
related to the rate of GPIIb/Illa inhibitors administered in
association with UFH.

Thus, according to the present findings, and considering the
potential safety concerns about the higher risk of urgent target-
vessel revascularization or stent thrombosis associated with the
use of bivalirudin,'%>® which have not been overcome by a longer
post-PCI bivalirudin infusion, the use of the most validated and less
economically-demanding strategies, such as traditional UFH-
based strategies, should be advocated for patients with ACS
undergoing PCL

Limitations

The first limitation of our study is the lack of an extended
follow-up. However, bivalirudin is an intravenous drug with very
fast onset of action and short half-life, thus displaying its effects
only in the periprocedural period. In fact, even in the trials with
longer follow-up, the differences in cardiovascular endpoints
were achieved within the first month after randomization.'® One
trial included mostly STEMI patients (87.7% vs 12.3% NSTEMI
patients).?> As we were not able to obtain data according to the
presentation, we therefore pooled this study with trials on
STEMI.

Moreover, for the endpoint of stent thrombosis, the MATRIX
trial'® had to be excluded due to the lack of separate data according
to clinical presentation. However, the results on the overall
population in this trial were in line with our present findings of an
enhanced risk of ST in the bivalirudin arm, even when adminis-
tered in a prolonged infusion.

Another limitation is the variable protocol of bivalirudin
administration, with an extended post-PCI infusion performed
in 2 trials®'° and variations in the dosage of UFH in the control
group, with 2 trials even allowing enoxaparin.®?> However, in
most of the included studies, UFH was administered at similar
dosages, ranging from 60 U/kg to 75 U/kg.

CONCLUSIONS

In patients with ACS undergoing PCI, bivalirudin is not
associated with a reduction in mortality compared with UFH
and increases the risk of stent thrombosis. Moreover, the reduction
in bleeding complications observed with bivalirudin is strictly
dependent from the rate of GPIIb/Illa inhibitor administration and
does not translate into survival benefits.
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WHAT IS KNOWN ABOUT THE TOPIC?

- Bleeding complications represent the Achilles’ heel of
antithrombotic therapies during PCI.

- The previously reported advantages in hemorrhagic risk
reduction with bivalirudin during PCI have recently been
questioned by potential interactions with access-site
and concomitant antiplatelet strategies.

- In the recent MATRIX trial, bivalirudin did not provide
safety benefits compared with UFH and was associated
with a higher-than-expected rate of myocardial infarc-
tion and stent thrombosis.

WHAT DOES THIS STUDY ADD?

- We provide the most comprehensive meta-analysis to
evaluate the safety and efficacy of bivalirudin compared
with UFH, including data from the most recent
randomized trials in the setting of ACS.

Our main finding is that bivalirudin does not provide any
benefit in mortality reduction compared with UFH and
increases stent thrombosis.

However, bivalirudin is associated with a significant
reduction in major bleeding complications, mainly
driven by those trials where more aggressive antith-
rombotic therapy with GPIIb/IIla inhibitors was admin-
istered only in association with UFH, and not translating
into survival benefits.
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