© 2009 Schattauer GmbH, Stuttgart

Review Article

Bivalirudin as compared to unfractionated heparin among patients

undergoing coronary angioplasty

A meta-analyis of randomised trials

Giuseppe De Luca; Ettore Cassetti; Monica Verdoia; Paolo Marino

Division of Cardiology, Maggiore della Carita Hospital, Eastern Piedmont University A. Avogadro, Novara, Italy

Summary

It has been shown that bleeding complications are associated
with higher mortality rates among patients undergoing coron-
ary angioplasty. Due to its properties, bivalirudin may provide
benefits in terms of bleeding and thrombotic complications as
compared to unfractionated heparin (UFH).The aim of the cur-
rent study was to perform a meta-analysis of randomised trials
to evaluate whether bivalirudin might offer benefits in terms of
mortality as compared to UFH.

We obtained results from all randomised trials evaluating the
benefits of adjunctive bivalirudin as compared to UFH with or
without Gp lIb-Illa inhibitors among patients undergoing coron-
ary angioplasty.The literature was scanned by formal searches of
electronic databases (MEDLINE and CENTRAL) from January
1990 to October 2008.The following keywords were used: ran-
domised trial, coronary angioplasty, stent, reperfusion, primary
angioplasty, bivalirudin, direct thrombin inhibitors, hirulog. Pri-
mary endpoint was mortality. Secondary endpoint was infarc-
tion. Safety endpoint was the risk of major bleeding compli-
cations. No language restriction was applied.

Keywords
Antithrombin, clinical trials, direct antithrombin agents, acute
myocardial infarction, coronary angioplasty, bivalirudin

A total of nine randomised trials were included in the meta-
analysis, with 15655 patients randomised to bivalirudin and
13104 patients randomised to UFH.WVe did not observe any dif-
ference in mortality between bivalirudin and UFH (1.73% vs
1.67%, p = 0.15) without any relationship between the baseline
risk of mortality (r = 0.17,p = 0.71) or the reduction in major
bleeding complications (r = -0.29, p = 0.53) and the benefits in
mortality with bivalirudin. A trend in higher risk of myocardial
infarction was observed with bivalirudin (6.9% vs 5.9%,p = 0.07,
p het = 0.65). Bivalirudin was associated with a significant reduc-
tion in major bleeding complications (1.7% vs 3.4%,p < 0.0001),
as compared to UFH.

This meta-analysis shows that among patients undergoing cor-
onary angioplasty,bivalirudin is associated with significant reduc-
tion in major bleeding complications. However, these benefits
did not translate into benefits in mortality, with even a trend in
higher risk of myocardial infarction.

Thromb Haemost 2009; 102: 428-436

Introduction

A great improvement has been observed in the last few years in
the percutaneous treatment of coronary artery disease due to ad-
vances in mechanical devices and antithrombotic therapies
(1-7). However, bleeding complications still represent the
achille’s heel of coronary angioplasty, and are related to the
strength of anticoagulation and antithrombotic therapies. Des-
pite the low costs, several potential disadvantages of unfraction-

ated heparin (UFH) should be mentioned: 1) dependency on
antithrombin III for inhibition of thrombin activity; 2) inability
to inhibit clot-bound thrombin; 3) sensitivity to platelet factor 4
and risk of heparin-induced thrombocytopenia (8); 4) marked
inter-individual variability in therapeutic response; 5) the need
for frequent aPTT monitoring. In order to overcome these limi-
tations several new antithrombotic therapies have been proposed
(9). Direct thrombin inhibitors have important biologic and phar-
macokinetic advantages over heparins (10—12). Direct thrombin

Correspondence to:

Giuseppe De Luca, MD, PhD

Assistant Professor of Cardiology

Chief Interventional Cardiology

“Maggiore della Carita” Hospital

Eastern Piedmont University “A. Avogadro”
Novara, Italy

Tel: +39 0321 373 3141, Fax: +39 0321 373 3407
E-mail: giuseppe.deluca@maggioreosp.novara.it

Received: June 9, 2009
Accepted after major revision: June 13, 2009

Prepublished online: July 30, 2009
doi:10.1160/TH09-05-0287

428

Downloaded from www.thrombosis-online.com on 2012-05-26 | IP: 38.107.179.230
For personal or educational use only. No other uses without permission. All rights reserved.



De Luca et al. Bivalirudin in coronary angioplasty

265 potentially relevant citations identified
and screened for retrieval

255 citations excluded because of
irrelevance to the systemic overview

lH

10 potentially appropriate RCT ‘

l » | 1 1rial was excluded (substudy of a RCT)

Figure |: Flow diagram of the systematic

9 RCT finally included in
the meta-analysis

overview process. RCT = Randomised con-
trolled trials.

inhibitors are able to specifically block both fluid-phase and tis-
sue-bound thrombin and, therefore, reduce thrombin activity
more effectively than UFH and low molecular weight heparin
(LMWH). Because they do not bind to plasma proteins and are
not inactivated by heparinases, direct thrombin inhibitors also
produce a more predictable anticoagulant response than UFH.
Experimental results have shown that direct thrombin inhibitors
are highly effective in the prevention of thrombus formation in
models of arterial thrombosis (13—14). In addition, Bivalirudin
has been shown to reduce platelet and monocyte activation in pa-
tients undergoing elective percutaneous coronary intervention
(PCI), as compared to UFH (15). Bivalirudin is the direct anti-
thrombin inhibitor so far mostly investigated among patients
undergoing coronary angioplasty, and it has been shown to pro-
vide benefits in terms of major bleeding complications
(7, 16-24). Despite the significant impact of bleeding compli-
cations on mortality observed among patients undergoing coron-
ary angioplasty (25-27), the benefits from bivalirudin in terms
of mortality are still unclear. Thus, the aim of the current study
was to perform a meta-analysis of randomised trials to evaluate
whether bivalirudin, as compared to UFH, might offer benefits
in terms of mortality.

Methods

Eligibility and search strategy

We obtained results from all RCTs (randomised controlled trials)
on adjunctive bivalirudin as compared to UFH with or without
Gp IIb-Il1a inhbitors among patients undergoing coronary an-
gioplasty. The literature was scanned by formal searches of elec-
tronic databases (MEDLINE and CENTRAL) from January
1990 to October 2008, the scientific session abstracts in Circu-
lation, Journal of College of Cardiology, European Heart Journal
and American Journal of Cardiology from January 1990 to Oc-
tober 2008. Furthermore, oral presentations and/or expert slide
presentations were included (searched on the TCT
(www.tctmd.com), EuroPCR (www.europcr.com), ACC
(www.acc.org), AHA (www.aha.org), and ESC (www.esc-
ardio.org) websites from January 2002 to October 2008. The fol-

lowing keywords were used: randomised trial, bivalirudin, hiru-
log, anticoagulation, acute coronary syndrome, myocardial in-
farction, reperfusion, primary angioplasty, coronary angioplasty,
stent. No language restrictions were enforced.

Data extraction and validity assessment

Data were independently abstracted by the investigators. In case
ofincomplete or unclear data, authors, where possible, were con-
tacted. Disagreements were resolved by consensus. Data were
managed according to the intention-to-treat principle.

Outcome measures

Clinical endpoints assessed were mortality (primary endpoint)
and infarction (secondary endpoint) at follow-up, whereas major
bleeding complications (according TIMI [thromolysis in myo-
cardial infarction] major bleeding definition when available, or
according to study definition) were assessed as safety endpoint.

Data analysis
Statistical analysis was performed using the Review Manager
4.27 freeware package, SPSS 11.5 statistical package. Odds ratio
(OR) and 95% confidence intervals (95% CI) were used as sum-
mary statistics. The pooled odds ratio was calculated by using a
fixed effect model (the Mantel-Haenszel method) and the ran-
dom effect model. Study weight calculation was based on the in-
verse variance of the effects estimates. Between study heteroge-
neity was analysed by means of I> = [(Q - df)/ Q] x 100%, where
Q is the x? statistic, and df is its degrees of freedom. This de-
scribes the percentage of the variability in effect estimates that is
due to heterogeneity rather than sampling error (chance). A value
greater than 50% may be considered substantial heterogeneity.
The potential publication bias was examined by constructing a
“funnel plot”, in which the standard error (SE) of the In odds
ratio was plotted against the odds ratio (mortality). In addition, a
linear regression approach to measure funnel plot asymmetry
was used (28).

A meta-regression analysis was carried out, as previously de-
scribed (29), to evaluate the relationship between 1) mortality
benefits from bivalirudin (as odds ratio) and baseline risk of
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STUDY | Period | n Popu- FU Age Diabetes | Renal failure | Gp llb-llla| Study-drug design Bleeding definition Primary endpoint
lation (days)
B H B H B H B H
BAS 1993 4312 | Unstable | 180 63 62 21 21 n.d n.d. 0 0 Periprocedural bivalirudin (bolus Overt bleeding with a In-hospital death,
-1994 angina — | mg/Kg, followed by 4-hour infu- | decreasein Hb >3 gr/dl, | MI, abrupt vessel
Post-MI sion at 2.5 mg/Kg/h, and 14-20 the need of transfusion, closure, repeat
angina hours infusion at 0.2 mg/Kg/h) intracranial or retro- revascularisation,
(n=2161) vs UFH (bolus 175U/ | peritoneal bleeding IABP.
kg, follwed by 18-24 hours of UFH
at 15 1U/Kg/h) (n = 2151)
CA- 1998 I53 | Elective 7 65 | 62 | nd | nd | nd | nd 3l 100 | Bivalirudin (bolus 0.75 mg/Kg, Overt bleeding with a Combined death,
CHET | -2000 followed by infusion at 1.75 mg/ decrease in Hb > 3 gr/d| Myocardial infarc-
Kg/h) + provisional abciximab or transfusion of > 2 units | tion, or revasculari-
(n=59) vs UFH (bolus 70 IU/kg) | of blood, intracranial, sation at 7 days.
+ planned abciximab (n = 94) intraocular or retro-
peritoneal bleeding
RE- 2000 1056 | Elective 2 643 | 644 | 314 | 289 | nd n.d. 71.1| 72.5 | Periprocedural bivalirudin (bolus Overt bleeding with a Comeposite death,
PLACE-1| -200I 0.75 mg/Kg, followed by infusion at | decrease in Hb >3 gr/dl MI, repeat revascu-
1.75 mg/Kg/h) (n = 532) vs UFH or transfusion of > 2 units | larisation at 48
(Bolus 6070 IU/Kg) (n = 524) of blood, intracranial, hours
intraocular or retro-
peritoneal bleeding
RE- 2001 6002 | Elective | 180 62.6 | 62.6 | 28.1 | 26.1 | nd nd 72| 96.5 | Periprocedural bivalirudin (bolus Overt bleeding with a Combined MACE
PLACE-2| -2002 0.75 mg/Kg, followed by infusion at | decrease in Hb >3 gr/dl, | and major bleedings
1.75 mg/Kg/h) (n =2994) vs UFH | any decrease in Hb >4 gr/ | at 30 days
(Bolus 65 1U/Kg) and Gp lIb-llla dl, or transfusion of >2
inhibitors infused for 12—18 hours | units of blood, intracranial,
(n=3008) intraocular or retro-
peritoneal bleeding
ACUITY | 2003 7789 | ACS 30 63 63 28 28 18 19 53 97 Periprocedural bivalirudin (bolus Intracranial, intraocular MACE, major bleed-
-2005 0.75 mg/Kg, followed by infusion at | bleeding, haemorrhage at | ings and net clinical
1.75 mg/Kg/h) (n = 2619) vs Peri- | the access site requiring outcome (combined
procedural bivalirudin (bolus 0.75 | intervention, haematoma | MACE or major
mg/Kg, followed by infusion at .75 | >5 cm, overt bleeding bleedings)
mg/Kg/h) and Gp llb-llla inhibitors | with a decrease in Hb
infused for 12-18 hours (n = 2609) | >3 gr/dl, any decrease in
(n=2619) vs UFH (Bolus 65 IU/Kg) | Hb > 4 gr/dl, reoperation
and Gp lIb-llia inhibitors infused for | for bleeding, or transfusion
12-18 hours (n = 2561) of blood products
HOR- | 2005-2 | 3602 | STEMI 30 598 | 60.7 | 156 | 173]| 158 | 174 72| 945 | Periprocedural Bivalirudin (bolus | ACUITY definition Major bleedings and
IZONS | 007 0.75 mg/Kg, followed by infusion at net clinical outcome
1.75 mg/Kg/h) (n = 1800) vs UFH (combined MACE or
(Bolus 60 IU/Kg) + Gp lIb-llla major bleedings)
inhibitors (Bolus plus 12-18 hours
infusion) (n = 1802)
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Table I: Continued
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Unfractionated Heparin

= Acute Coronary Syndromes; UFH =

Myocardial Infarction; ACS

Mi=

mortality (as odds) in the UFH group; 2) Benefits in major bleed-
ing complications from bivalirudin (as odds ratio) and baseline
risk of major bleeding complications in the UFH group (as
odds). Results are reported as regression coefficients with as-
sociated 95% CI and two-sided p-values.

The study was performed in compliance with the Quality of
Reporting of Meta-Analyses (QUOROM) guidelines (30).

Results

Atotal of 10 RCTs were initially identified (Figure 1) (7, 16-24).
One trial (22) was excluded because substudy of a RCT (21).
Thus, a total of nine RCTs were finally evaluated, including
15,655 patients randomised to bivalirudin and 13,104 patients
randomised to UFH. Characteristics of included trials are re-
ported on Table 1. The BAS trial (16) was the first conducted
trial, including patients with unstable angina or postinfarction
angina with high-dose of both UFH (175 mg/Kg) and bivalirudin
(Bolus of 1 mg/Kg followed by infusion of 2.5 mg/Kg/hour). In
the REPLACE-2 trial (19) elective patients were randomly as-
signed to bivalirudin or UFH and planned Gp IIb-I1Ia inhibitors,
whereas in the ISAR-REACT 3 (21) patients received UFH
alone. In the HORIZONS trial (7) bivalirudin was compared to
UFH and Gp IIb-IlIa inhibitors (Abciximab or Eptifibatide) in
patients undergoing primary angioplasty. Patients were addition-
ally randomised to DES (drug eluting stent) (Taxus) or BMS
(bare metal stent). In the ACUITY trial, NSTEMI (non ST-seg-
ment elevation myocardial infarction) patients undergoing
planned early angiography were randomised according to a more
complex study design to three different strategies: bivalirudin,
bivalirudin plus Gp IIb-IIla inhibitors or UFH plus Gp IIb-Illa
inhibitors. Patients receiving Gp IIb-Illa inhibitors were addi-
tionally randomised to early (upstream) or late (downstream) ad-
ministration of Gp IIb-Illa inhibitors. We included in our meta-
analysis only patients undergoing coronary angioplasty (20).
The ARNO (24) trial tested the hypothesis whether the additional
postprocedural administration of protamine to neutralise the ef-
fects of UFH may be equivalent to bivalirudin in elective pa-
tients. The Naples trial (23) was the only trial dedicated to dia-
betic patients, who were randomised to bivalirudin or UFH +
high-dose Tirofiban.

Primary endpoint
A total of 481 patients died at follow-up. We did not observe any
difference in mortality between bivalirudin and UFH (1.73% vs
1.67%, OR [95% CI] = 0.88 [0.73, 1.06], p = 0.18, p het = 0.06
[fixed effect], OR [95% CI]=0.88 [0.73, 1.06],p=0.18, p het=
0.03 [random effect]) (Figure 2). As shown in Figure 3, no pub-
lication bias was observed. In addition, the intercept of the re-
gression line did not significantly deviate from 0 (o [95% CI]
—0.09 [-1.89 — 1.72], p = 0.90).

By meta-regression analysis we observed no relationship be-
tween the benefits in mortality with bivalirudin and the baseline
risk of mortality (r=0.17, p=0.71) (Figure 4).

Secondary endpoint
A total of 1,765 patients had myocardial infarction. We observed
atrend in higher risk of myocardial infarction (MI) with bivaliru-
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DEATH
Study Bivalirudin UFH OR Weight OR (fixed)
n/N n/N 95% CI % 95% CI

BAS 36/1977 22/1926 I 9.26 1.61 [0.94, 2.74]
CACHET 0/59 0/94 Not estimable
ISAR-REACT 3 3/2289 4/2281 1.69 0.75 [0.17, 3.34]
NAPLES 0/167 0/168 Not estimable
REPLACE-1 0/532 3/524 ¢ 1.49 0.14 [0.01, 2.72]
REPLACE-2 28/2994 40/3008 —=T 16.73 0.70 [0.43, 1.14]
ACUITY 165/5228 82/2561 e 45.10 0.99 [0.75, 1.29]
ARNO 1/425 6/425 — 2.53 0.16 [0.02, 1.37]
HORIZONS 37/1800 56/1802 —= 23.19 0.65 [0.43, 1.00]
Fixed effect model

Total (95% Cl) 270/15471 213/12789 <& 100.00 0.88 [0.73, 1.06]

Test for heterogeneity: Chi* = 12.21, df 6 (P =0.06), I>=50.9%
Test for overall effect: Z = 1.34 (P =0.18)

Random effect model
Total (95% Cl) 270/15471 213/12789 < 100.00 0.88 [0.73, 1.06]

Test for heterogeneity: Chi? = 14.13, df = 6 (P = 0.03), I> = 57.5%"
Test for overall effect: Z=1.34 (P = 0.18)*

01 02 05 1 2 5 10
Favours Bivalirudin  Favours UFH

Figure 2: Mortality at follow-up, with odds ratios and 95% confidence intervals (Cl). The size of the data markers (squares) is approxi-
mately proportional to the statistical weight of each trial. UFH = Unfractionated Heparin; OR = odds ratio.
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Figure 3: Funnel plot of all studies included in the meta-analysis. The standard error (SE) of the In odds ratio was plotted against the odds
ratio (OR) for mortality. No skewed distribution was observed suggesting no publication bias.
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r=0.17,p=0.71

Jouadng H4AN

Odds Ratio Death

Jouadng uipnaijealg

T T T
0,01 0,02 0,03

Odds Death UFH

Figure 4: Regression line showing no significant relationship be-
tween the benefits from bivalirudin in terms of death vs pa-
tient’s risk profile (expressed as odds of UFH group). Each trial is
represented by a circle, whose size is proportional to the sample size of
each trial. UFH = Unfractionated Heparin.

din as compared to UFH (6.9% vs 5.9%, OR [95% CI] = 1.10
[0.99 -1.21], p=0.07, p het = 0.65 [fixed effect]; OR [95% CI]
=1.10[0.99-1.21],p=0.07, p het=0.56 [random effect]) (Fig-
ure 5).

Safety endpoint

A total of 693 patients experienced a major bleeding compli-
cation. The rate was significantly lower with bivalirudin (1.7%
vs 3.4%, OR [95% CI] = 0.51 [0.44, 0.60], p < 0.0001, p het =
0.05 [fixed effect], OR [95% CI]=0.52 [0.44, 0.60], p <0.0001,
p het=0.1 [random effect]) as compared to UFH (Figure 6). No
significant relationship (r =—0.61, p = 0.16) was observed be-
tween the risk of bleeding complications and the benefits in
terms of major bleeding complications with bivalirudin (Figure
7). No difference was observed in terms of intracranial haemor-
rhage between bivalirudin and UFH (0.04% vs 0.07%, OR [95%
CI]=0.59[0.18-1.90], p=0.37, p het = 0.97 [fixed effect]; OR
[95% CI]=0.59[0.17-1.87], p = 0.37, p het = 0.98 [random ef-
fect]) (Figure 8).

Discussion

This is the first meta-analysis on bivalirudin as adjunctive anti-
thrombotic therapy among patients undergoing percutaneous
coronary angioplasty. The results of our meta-analysis of nine
RCTs (7, 16-21, 23-24), including 28,759 patients, showed that

MYOCARDIAL

INFARCTION
Study Bivalirudin UFH OR Weight OR (fixed)

n/N n/N 95% ClI % 95% ClI

BAS 109/1977 118/1926 =T 15.27 0.89 [0.68, 1.17]
CACHET 0/59 2/94 ¢ 0.26 0.31 [0.01, 6.59]
ISAR-REACT 3 128/2289 110/2281 T™ 14.06 1.17 [0.90, 1.52]
NAPLES 17/167 21/168 1 2.54 0.79 [0.40, 1.56]
REPLACE-1 25/532 25/524 T 3.24 0.98 [0.56, 1.74]
REPLACE-2 243/2994 220/3008 = 27.26 1.12 [0.93, 1.35]
ACUITY 481/5228 201/2561 & 33.12 1.19 [1.00, 1.41]
HORIZONS* 33/1800 32/1802 T 4.24 1.03 [0.63, 1.69]
Fixed effect model
Total (95% CI) 1036/15046 729/12364 4 100.00 1.10 [0.99, 1.21]
Test for heterogeneity: Chi? = 5.09, df =7 (P = 0.65), I>= 0%
Test for overall effect: Z=1.81 (P = 0.07)
Random effect model
Total (95% CI) 1036/15046 729/12364 4 100.00 1.10 [0.99, 1.21]
Test for heterogeneity: Chi? = 5.80, df =7 (P = 0.56), I> = 0%
Test for overall effect: Z = 1.81 (P = 0.07)

01 02 05 1 2 5 10
Favours Bivalirudin

Favours UFH

Figure 5: Myocardial infarction at follow-up, with odds ratios and 95% confidence intervals (Cl). The size of the data markers (squares) is
approximately proportional to the statistical weight of each trial. *reinfarction; UFH = Unfractionated Heparin; OR = odds ratio.
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MAJOR BLEEDING

COMPLICATIONS
Study Bivalirudin UFH OR Weight OR (fixed)

n/N n/N 95% CI % 95% ClI
BAS 82/2161 210/2151 - 45.44 0.36 [0.28, 0.47]
CACHET 0/59 0/94 Not estimable
ISAR-REACT 3 12/2289 24/2281 — 5.37 0.50 [0.25, 0.99]
NAPLES 1/167 3/168 ¢ 0.67 0.33 [0.03, 3.22]
REPLACE-1 11/532 14/524 . 3.10 0.77 [0.35, 1.71]
REPLACE-2 19/2993 26/3008 1 5.78 0.73 [0.40, 1.33]
ACUITY 85/5228 58/2561 —= 17.19 0.71 [0.51, 1.00]
ARNO 4/425 12/425 — 2.67 0.33 [0.10, 1.02]
HORIZONS 55/1800 91/1802 —= 19.79 0.59 [0.42, 0.83]
Fixed Effect Model
Total (95% Cl) 269/15654 438/13014 L 100.00 0.51 [0.44, 0.60]
Test for heterogeneity: Chi? = 14.00, df =7 SP =0.05), I?=50.0%
Test for overall effect: Z = 8.41 (P < 0.00001)
Random Effect Model
Total (95% ClI) 269/15654 438/13014 L 4 100.00 0.52 [0.44, 0.60]
Test for heterogeneity: Chi? = 12.16, df = 7 %P =0.10), I7=42.4%
Test for overall effect: Z = 8.51 (P < 0.00001)

01 02 05 1 2 5 10
Favours Bivalirudin Favours UFH

Figure 6: Major Bleeding Complications with odds ratios and 95% confidence intervals (Cl). The size of the data markers (squares) is ap-
proximately proportional to the statistical weight of each trial. UFH = Unfractionated Heparin; OR = odds ratio.

r=-0.61,p=0.15

Odds Ratio MBC

0,02 0,04 0,06 0,08 0,10

Odds MBC UFH

Figure 7: Regression line showing the relationship between the
benefits in terms of major bleeding complications (MBC) (as
odds ratio) from bivalirudin as compared to UFH group vs the
risk of MBC in the UFH group. Each trial is represented by a circle,
whose size is proportional to the sample size of each trial. UFH = Un-
fractionated Heparin.

bivalirudin is associated with a significant reduction in major
bleeding complications without any benefit in death or myo-
cardial infarction.

Due to its costs, intravenous UFH is still a pivotal antithrom-
botic therapy among patients undergoing coronary angioplasty.
Despite the significant reduction in dosage (from 140 to 60-70
U/Kg) observed in the last years, major bleeding complications
are still disappointingly high and associated with higher mortal-
ity (25-27).

Due to its more favourable properties compared to UFH (9),
such as more stable activity, short half life and clearace only par-
tially (20%) mediated by the kidney, large interests have been fo-
cused on bivalirudin, with several randomised trials being con-
ducted in the last years in patients undergoing coronary angio-
plasty.

The BAS trial (16) is the first randomised trial, including
4098 patients with unstable or postinfarction angina undergoing
angioplasty. Despite some benefits in terms of major bleeding
complication, no benefits were obsreved in terms of death and
myocardial infarction. Similar results have been observed in the
large REPLACE-2 (19). In the ISAR-REACT-3 (21), including
elective patients or unstable patients with negative troponin des-
pite the large amount of heparin (140 IU/Kg), there was no dif-
ference in terms of TIMI major bleeding complications but only
in major bleedings according to the definition proposed in the
REPLACE-2 (19), without any difference in death and myo-
cardial infarction. The ACUITY trial was dedicated to patients
with acute coronary syndromes undergoing coronary angi-
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INTRACRANIAL

HAEMORRHAGE
Study Bivalirudin UFH OR Weight OR (fixed)

n/N n/N 95% ClI % 95% ClI

BAS 1/2161 2/2151 ¢ = 27.29 0.50 [0.05, 5.49]
CACHET 0/59 0/94 Not estimable
ISAR-REACT 3 1/2289 2/2281 ¢ = 27.27 0.50 [0.05, 5.50]
REPLACE-2 1/2993 2/3008 ¢ 27.16 0.50 [0.05, 5.54]
ACUITY 2/5228 1/2561 ¢ » 18.28 0.98 [0.09, 10.81]
Fixed Effect Model
Total (95% CI) 5/12730 7/10095 _— 100.00 0.59 [0.18, 1.90]
Test for heterogeneity: Chi? = 0.23, df = 3 (P = 0.97), I? = 0%
Test for overall effect: Z =0.89 (P = 0.37)
Random Effect Model
Total (95% Cl) 5/12730 7/10095 e 100.00 0.59 [0.19, 1.87]
Test for heterogeneity: Chi? = 0.21, df = 3 (P = 0.98), I> = 0%
Test for overall effect: Z = 0.89 (P = 0.37)

01 02 05 1 2 5 10
Favours Bivalirudin

Favours UFH

Figure 8. Intracranial haemorrhage, with odds ratios and 95% confidence intervals (Cl). The size of the data markers (squares) is ap-
proximately proportional to the statistical weight of each trial. UFH = Unfractionated Heparin; OR = odds ratio.

ography. Among patients undergoing angioplasty (those in-
cluded in the meta-analysis) (20), despite the significant reduc-
tion in major bleeding complications with bivalirudin, no differ-
ence was observed in death and myocardial infarction. The
HORIZONS trial (7), including patients undergoing primary an-
gioplasty, was the only trial showing significant benefits in terms
of mortality, in addition to the reduction in bleeding compli-
cations, despite a significantly higher rate of acute stent throm-
bosis.

Despite the already shown benefits with bivalirudin in terms
of bleeding complications in several randomised trials (7,
16-24), the benfits in terms of mortality and reinfarction are still
controversial. In our meta-analysis, we observed a significant re-
duction in major bleeding complications (1.7% vs 3.4%). How-
ever, no difference was observed in terms of mortality with even
atrend in higher risk of myocardial infarction with bivalirudin as
compared to UFH.

These findings may be explained by the fact that bleedings
may not be by themselves the determinant of mortality, but the
association with mortality may be mediated by an higher risk
profile for thrombotic complications of patients at risk for bleed-
ings (25-26), by blood transfusion (26, 31-33), and disparities in
medical therapies (34).

It must be recognised that a larger use of radial approach
(35-36), use of 5F sheeth when femoral approach is preferred or
needed (37-38), in addition to lower dosage of heparin and early
sheat removal (37) with protamine administration (39), may
probably suffice to reduce the risk of bleeding complications,

preserving optimal antithrombotic therapies. In fact, it must be
considered that excessive fear of bleeding complications might
carry a higher risk of thrombotic complications due to under-
treatment of patients that commonly are at higher risk of throm-
botic complications. Large randomised trials are certainly
needed to investigate if the benefits in major bleeding compli-
cations and mortality with bivalirudin observed in the Horizons
trials among patients undergoing primary angioplasty may per-
sist, especially in high-risk patients, even with these preventive
measures aiming at minimising the risk of bleeding compli-
cations.

Limitations

This meta-analysis was not performed on individual patient’s
data, that would have certainly improved the results, particularly
by performing subgroup analyses. No uniform definition was
adopted across trials in terms of major bleeding complications.
However, TIMI major bleeding definition was preferred, when
available. Extensive caution should be exercised in the interpre-
tation of the results, due to clinical and observed statistical hete-
reogeneity among included trials, especially due to the routine
use of Gp IIb-Illa inhibitors as adjunct to UFH in many trials (7,
17-20, 23) (with potential high-risk of bleeding complications),
use of protamine in the ARNO trial (24), and use of high-dose of
UFH in the BAS (16) and ISAR-REACT-3 (21) trial. Finally, it
must be remarked the extreme variability across trials in the du-
ration of follow-up, that ranged from two to 180 days.
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Conclusions

This meta-analysis shows that among patients undergoing cor-
onary angioplasty, bivalirudin is associated with significant re-
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