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Bleeding Risk Comparing Targeted Low-Dose Heparin With
Bivalirudin in Patients Undergoing Percutaneous
Coronary Intervention

Results From a Propensity Score-Matched Analysis of the Evaluation of
Drug-Eluting Stents and Ischemic Events (EVENT) Registry

Sripal Bangalore, MD, MHA; David J. Cohen, MD, MSc; Neal S. Kleiman, MD;
Tal Regev-Beinart, MD; Sunil V. Rao, MD; Michael J. Pencina, PhD;
Laura Mauri, MD, MSc; on behalf of the EVENT Registry Investigators, Boston, MA

Background—Prior randomized trials have shown reduced bleeding with bivalirudin compared with unfractionated
heparin (UFH) in patients undergoing percutaneous coronary intervention (PCI). However, it is not known if this benefit
is also present when UFH doses are more tightly controlled (as measured by activated clotting time, ACT).

Methods and Results—Patients enrolled in the EVENT (Evaluation of Drug-Eluting Stents and Ischemic Events) registry,
were divided into 3 groups, based on the antithrombotic drug used during PCI (UFH monotherapy, UFH+ glycoprotein
[Ib-IITa receptor inhibitor [GPI], or bivalirudin alone). Propensity score matching was used to adjust for measured
covariates (89 variables) and to compare bivalirudin versus UFH monotherapy and bivalirudin versus UFH+GPI
groups. The UFH groups were stratified based on ACT achieved (optimal ACT defined as 250-300 for UFH
monotherapy and 200-250 when GPI was also used). The primary bleeding outcome was in-hospital composite
bleeding, defined as events of access site bleeding, Thrombolysis In Myocardial Infarction major/minor bleeding, or
transfusion. Primary (in-hospital death/myocardial infarction) and secondary ischemic outcomes (death/MI/unplanned
repeat revascularization at 12 months) were also evaluated. Propensity score matching yielded 3022 patients for the UFH
monotherapy versus bivalirudin comparison and 3520 patients for the UFH-+GPI versus bivalirudin comparison.
Bivalirudin use was associated with numerically lower bleeding rates at all categories of achieved ACT when compared
with UFH (low, optimal, high ACT: 2.5% versus 4.7%, 1.9% versus 6.0%, 3.1% versus 4.8%, respectively) or
heparin+GPI groups (low, optimal, high ACT: 0.0% versus 2.7%, 2.7% versus 5.2%, 2.4% versus 6.1%, respectively)
and was not associated with any statistically significant increase in either primary or secondary ischemic outcomes.

Conclusions—Among unselected patients undergoing PCI, bivalirudin use during PCI was associated with a lower risk of
bleeding at all comparator ACT levels without an increase in ischemic outcomes. (Circ Cardiovasc Interv. 2011;4:463-473.)

Key Words: bivalirudin m bleeding m heparin m ischemia m percutaneous coronary intervention

ecent studies have shown association between bleeding,

blood transfusion, and both short- and long-term mortality
in patients with acute coronary syndromes (ACS) as well as in
those undergoing percutaneous coronary intervention (PCI).'-#
Bleeding complications remain a major challenge after PCI,
despite better management of arterial access sites and modifica-
tions in anticoagulant regimen and are associated with increased
length of stay and resource utilization.>

Some of the pharmacological strategies proposed to reduce
the risk of bleeding include more judicious dosing of anti-
thrombotics, provisional use of glycoprotein IIb-IIla receptor
inhibitor (GPI) drugs, or use of direct thrombin inhibitors
such as bivalirudin. Current guidelines suggest that patients
undergoing PCI who do not receive a GPI should receive
unfractionated heparin (UFH) sufficient to prolong the acti-
vated clotting time (ACT) to 250-300 seconds.® When UFH
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Table 1.
Propensity Score Matching

Baseline Characteristics of the UFH Monotherapy and Bivalirudin Groups Before and After

Unmatched Propensity Score Matched
UFH Bivalirudin UFH Bivalirudin
(n=1767) (n=3318) P Value (n=1511) (n=1511) P Value
Clinical characteristics
Age, y 65.3+11.7 65.5+11.1 0.69 65.6+11.5 65.4+11.4 0.75
Men, % 67.2 67.2 0.99 67.0 64.9 0.46
Diabetes, % 335 36.1 0.06 3441 345 0.85
Indication for PCI, %
Acute coronary syndrome 37.6 23.9 <0.001 334 34.9 0.53
Chronic stable angina or positive 49.8 64.1 <0.001 54.6 53.0 0.88
stress test
Ejection fraction <25%, % 2.2 1.8 0.33 2.2 2.1 0.90
NYHA class IV, % 5.8 5.7 0.81 6.2 6.6 0.65
CCS class IV, % 14.6 8.4 <0.001 12.4 11.9 0.68
Baseline laboratory data
Platelet count <100 100/uL, % 1.7 1.7 0.94 1.7 14 0.54
Angiographic characteristics
No. of diseased vessels, %
1 50.1 50.1 0.36 49.9 48.2 0.66
2 30.4 29.2 30.5 324
3 19.5 20.6 19.6 194
Most severe lesion classification, % <0.001 0.94
A 9.9 10.6 10.6 11.4
B1 29.1 34.4 30.8 31.2
B2 35.3 38.7 36.1 34.9
C 25.7 16.2 225 225
Preprocedure TIMI flow, % <0.001 0.96
0 9.2 4.0 75 7.3
1 3.4 29 3.3 3.3
2 8.4 79 8.1 8.5
3 79.0 85.3 81.0 80.8
Unprotected left main PCI, % 0.6 0.8 0.32 0.6 0.5 0.81
Bifurcation lesion, % 104 10.4 0.99 10.3 104 0.86
Angiographic thrombus, % 71 2.2 <0.001 4.8 4.2 0.44
Total stent length, mm 30.6+20.9 28.2+18.0 <0.001 29.7+20.3 29.6+19.4 0.97
Stents per patient 1.62+0.96 1.52+0.84 0.001 1.59+0.94 1.61+0.92 0.63
No. of vessels treated per patient 1.15+0.37 1.15+0.38 0.99 1.14+0.36 1.15+0.37 0.82
Clopidogrel loading,* % 49.9 471 0.06 48.4 48.2 0.94

UFH indicates unfractionated heparin; PCI, percutaneous coronary intervention; NYHA, New York Heart Association; CCS, Canadian
Cardiovascular Society; and TIMI, Thrombolysis In Myocardial Infarction.
Defined as chronic therapy >1 week before PCl or =300 mg at least 6 hours before PCl or =600 mg at least 2 hours before PCI.

is given with a GPI, the target ACT should be reduced to
200-250 seconds.® However, the reduced risk of bleeding has
to be weighed against the increased risk of ischemic compli-
cations if anticoagulation is inadequate. In addition, the level
of anticoagulation achieved with heparin is highly variable
and difficult to predict.

In this regard, bivalirudin has been shown to produce lower
rates of bleeding complications and have comparable anti-is-
chemic efficacy when compared with either UFH mono-
therapy or UFH+GPI. In patients with stable coronary artery

disease and acute coronary syndromes,” bivalirudin (plus
provisional GPI) was noninferior to UFH with or without GPI
in suppressing ischemic events, while markedly reducing
bleeding.”® However, some of this bleeding advantage with
bivalirudin seen in earlier trials has been criticized due to
higher ACT achieved in the heparin arm.” In addition, in a
randomized trial comparing bivalirudin and UFH+GPI in the
setting of PCI for ST-elevation—myocardial infarction (MI),
whereas the frequencies of overall major adverse cardiovas-
cular events (MACE) were not different between bivalirudin
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and UFH randomized treatment arms, acute stent thrombosis
was more common with bivalirudin.® Moreover, it is un-
known whether the reduced bleeding observed with bivaliru-
din is maintained when compared with lower dosage of UFH
(with or without GPI). Our objectives were to use data from
the EVENT (Evaluation of Drug Eluting Stents and Ischemic
Events) registry to evaluate the bleeding and ischemic events
with bivalirudin when compared with various degrees of
anticoagulation with UFH (as measured by ACT) used in an
unselected cohort of patients undergoing PCI.

WHAT IS KNOWN

® Randomized trials have shown reduced bleeding
with bivalirudin compared with unfractionated hep-
arin in patients undergoing percutaneous coronary
intervention.

® However, some of this bleeding advantage with
bivalirudin seen in earlier trials has been criticized
due to higher activated clotting time achieved in the
heparin arm.

® Moreover, limited studies have shown increased risk
of ischemic outcomes with bivalirudin.

WHAT THE STUDY ADDS

® This analysis of data from the EVENT (Evaluation
of Drug Eluting Stents and Ischemic Events) registry
showed numerically lower bleeding rates with bivali-
rudin when compared across different activated clot-
ting time strata for both heparin and heparin+glyco-
protein inhibitor comparator strategies without any
statistically significant increase in either in-hospital
or long-term ischemic outcomes.

Methods

The design, methods, and population of EVENT have been described
previously.'? Briefly, EVENT is a collaborative effort to assess the
contemporary practice of PCI by prospective evaluation of unse-
lected patients undergoing attempted PCI using an approved intra-
coronary stent at more than 50 centers in the United States. To
minimize selection bias, enrollment of patients was performed
consecutively during each enrollment period (eg, on predetermined
days of the week) during specified recruitment “waves.” A total of
10 144 patients were enrolled in waves 1 through 4 between July
2004 and June 2007. The study protocol was approved by the
institutional review board at each participating institution, and
written informed consent was obtained from all patients before
participation in the registry.

Study Population

Patients enrolled in any wave of the registry (waves 1 through 4)
receiving either UFH mononotherapy, UFH+GPI, or bivalirudin
monotherapy as antithrombotic strategy during PCI were eligible for
this analysis. Eligible patients included those with either PCI for
ACS or stable angina. The choice of the antithrombotic strategy was
left to the discretion of the physician performing the PCI. Patients
who received low-molecular-weight heparin (LMWH), direct throm-
bin inhibitor other than bivalirudin, combination of antithrombotics
(example: LMWH before PCI with heparin or bivalirudin during
PCI) or those receiving “bail-out” GPI (with either UFH or bivali-
rudin) were excluded from this study.

Bivalirudin and Outcomes 465

EVENT Registry
N =10144

> LMWH =5
Other antithrombotics/

Bangalore et al

Receiving UFH or
Bivalirudin
N = 8749

Excluded:
[—————> Bival+GPI =228
Bail-out GPI = 88
Missing ACT data = 656
Final Cohort
N = 7777

v v
UFH UFH + GPI Bivalirudin
N =1767 N = 2692 N =3318

Figure 1. Patient selection.

Data Collection and Definitions

Data regarding patient baseline demographics, risk factors, presen-
tation, angiographic characteristics, PCI procedural details, dis-
charge medications, and outcomes were collected prospectively on
standardized case report forms and submitted to the data coordinat-
ing center (Harvard Clinical Research Institute, Boston, MA). For
the purposes of this analysis, clopidogrel loading was defined as
chronic clopidogrel therapy >1 week before PCI or a loading dose
of =300 mg at least 6 hours before PCI or =600 mg at least 2 hours
before PCI. Troponin, creatinine kinase (CK), and CK-MB levels
were assessed at baseline (within 1 hour before the procedure) and
every 8 hours for a minimum of 2 samples after the procedure and
assayed using the clinical laboratory and reference values for each
site. If an MI was suspected clinically at a later point, additional
biomarkers were obtained as clinically indicated. The definition of a
procedural MI was elevation of CK-MB (or CK in the absence of
CK-MB data) of at least 3 times the upper limit of normal (as
determined by the local reference laboratory) or by new and
persistent ST-segment elevation >1 mm in 2 contiguous limb leads
or >2 mm in 2 contiguous precordial leads on the ECG. In addition,
in patients with elevated biomarkers at baseline, biomarker elevation
>2X baseline was required.

Patients were contacted by telephone at 6 and 12 months after the
index PCI. Events ascertained at follow-up included death, MI, stent
thrombosis, and revascularization. All clinical outcomes were adju-
dicated by 2 cardiologists blinded to baseline variables.

Outcomes

The primary bleeding outcome for this analysis was in-hospital com-
posite bleeding, defined as clinically important access site bleeding,
Thrombolysis In Myocardial Infarction (TIMI) major or minor bleeding,
or transfusion. The primary ischemic outcome was death or MI,
occurring in-hospital. The secondary ischemic outcome was a compos-
ite of death, MI, or any unplanned repeat revascularization at 12 months.
Other outcomes included individual rates of in-hospital death, MI, or
urgent repeat revascularization; ARC-defined!! definite or probable
stent thrombosis and postprocedure length of stay.

Activated Clotting Time

Peak ACT (in seconds) was recorded in all patients during the index
PCI. Unlike UFH, in which ACT levels help quantify response to
UFH, standard ACT tests for bivalirudin are used more qualitatively
and correlate less well with the degree of anticoagulation.!>-'4
Because we regarded heparin as the control group for our hypothesis,
we therefore chose to use the ACT level in the UFH groups to further
categorize the patient subsets.

Optimal ACT was defined as 250-300 for heparin alone and
200-250 when GPI was also used.®!> For the UFH monotherapy
group, patients were stratified into 3 groups, based on peak ACT
achieved: low ACT (<250), optimal ACT (250-300), and high ACT
(>300). For the UFH+GPI, the 3 groups based on ACT were low
ACT (<200), optimal ACT (200-250), and high ACT (>250).
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Figure 2. Absolute standardized differences in baseline covariates between unfractionated heparin monotherapy and the bivalirudin
groups, before and after propensity score matching (postmatch standardized difference <10% indicates excellent covariate balance).
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Table 2. Baseline Characteristics of the UFH+GPI and Bivalirudin Groups Before and After Propensity

Score Matching

Unmatched Propensity Score Matched
UFH+GPI Bivalirudin UFH+GPI Bivalirudin
(n=2692) (n=3318) P Value (n=1760) (n=1760) P Value
Clinical characteristics
Age, y 62.8+11.7 65.5+11.1 <0.0001 64.1+11.3 64.2+11.3 0.93
Men, % 71.9 67.2 <0.0001 68.6 68.9 0.93
Diabetes, % 324 36.1 0.002 34.6 34.0 0.75
Indication for PCI, %
Acute coronary syndrome 39.8 23.9 <0.0001 30.4 321 0.41
Chronic stable angina or positive 43.7 64.1 <0.0001 58.1 57.3 0.83
stress test
Ejection fraction <25%, % 2.7 1.8 0.02 2.2 1.9 0.64
NYHA class IV, % 11.9 5.7 <0.0001 7.3 6.4 0.33
CCS class IV, % 23.7 8.4 <0.0001 12.4 11.9 0.63
Baseline laboratory data, %
Platelet <100 100/uL 0.8 1.7 0.01 1.1 1.1 0.74
Angiographic characteristics, %
No. of diseased vessels 0.01 0.96
1 45.5 50.1 48.0 47.7
2 32.0 29.2 30.8 30.6
3 225 20.6 21.2 21.6
Most severe lesion classification <0.0001 0.92
A 8.3 10.6 9.9 9.5
B1 25.7 34.4 29.3 30.0
B2 36.9 38.7 38.5 39.0
C 29.2 16.2 223 215
Preprocedure TIMI flow <0.0001 0.79
0 10.9 4.0 6.6 6.0
1 3.2 29 2.6 29
2 9.6 7.9 8.4 8.3
3 76.2 85.3 824 82.8
Unprotected left main, % 0.9 0.8 0.75 1.0 1.0 0.87
Bifurcation, % 14.0 10.4 <0.0001 11.8 11.9 0.92
Thrombus, % 13.7 2.2 <0.0001 4.4 4.0 0.56
Total stent length, mm 31.5+20.7 28.2+18.0 <0.0001 30.1x20.2 29.9+19.2 0.79
Stents per patient 1.68+0.96 1.52+0.84 <0.0001 1.62+0.91 1.61+0.90 0.87
No. of vessels treated per patient 1.14+0.37 1.15+0.37 0.41 1.14+0.36 1.15+0.37 0.43
Clopidogrel loading,* % 29.2 471 <0.0001 349 37.2 0.26

UFH indicates unfractionated heparin; GPI, glycoprotein llb-llla receptor inhibitor; PCl, percutaneous coronary intervention; NYHA,
New York Heart Association; CCS, Canadian Cardiovascular Society; and TIMI, Thrombolysis In Myocardial Infarction.
Defined as chronic therapy >1 week before PCl or =300 mg at least 6 hours before PCl or =600 mg at least 2 hours before PCI.

Statistical Analyses

All analyses were carried out using SPSS for Windows, Version 16.0
(SPSS Inc, Chicago, IL). Continuous variables are reported as
mean=*SD. Variables (before propensity score matching) were com-
pared across groups using Student ¢ test (for normally distributed
variable) or the Wilcoxon rank-sum test (for other variables) for
continuous variables and x? test or Fisher exact tests for categorical
variables.

Propensity Score Matching
Analyses were performed after dividing the cohort into 3 groups,
based on the planned PCI anticoagulation strategy at index PCI: UFH

monotherapy, UFH+GPI, or bivalirudin monotherapy. Paired com-
parisons were made between the UFH versus bivalirudin and
UFH+GPI versus bivalirudin groups. Because of differences in key
baseline characteristics between participants (Table 1), we used
propensity score matching to assemble a cohort for each comparison
in which all the measured covariates would be well balanced across
comparator groups. The propensity score is the conditional proba-
bility of having a particular exposure (bivalirudin use), given a set of
measured baseline covariates.'®!7 Propensity score matching was
performed separately for the UFH versus bivalirudin groups and the
UFH+GPI versus bivalirudin groups. Of note, bivalirudin treated
patients could appear in both the analyses if they matched with the
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Figure 3. Absolute standardized differences in baseline covariates between unfractionated heparin plus glycoprotein llb-llla receptor
inhibitor (UFH+GPI) and the bivalirudin groups, before and after propensity score matching (postmatch standardized difference <10%
indicates excellent covariate balance).
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Table 3. Angiographic Complications, In-Hospital, and 12-Month Outcomes of the UFH Monotherapy
Versus Bivalirudin Groups Before and After Propensity Score Matching

Unmatched Propensity Score Matched
UFH Bivalirudin UFH Bivalirudin
(n=1767) (n=3318) P Value (n=1511) (n=1511) P Value
Angiographic complications, %
None 95.3 96.9 0.003 95.8 95.8 0.99
Abrupt closure 04 0.2 0.23* 0.3 0.3 0.74
No reflow 1.0 0.8 0.45 0.9 1.1 0.47
Thrombus 0.2 0.1 0.65* 0.1 0.1 0.99
Distal embolization 0.5 0.2 0.07* 0.5 0.1 0.12
Outcomes

In-hospital

Death or MI, % 5.8 5.4 0.57 5.7 5.6 0.88

Death, % 0.5 0.1 0.003* 0.5 0.1 0.53

Adjudicated MI, % 5.3 5.4 0.95 5.2 5.5 0.75

Composite bleeding, % 53 2.2 <0.001 5.2 2.5 <0.0001

Postprocedure length of stay, d 1.8+x24 1.5+4.9 0.004 1.8+x24 1.5+4.2 0.05
1 Year

Death or MI or any unplanned repeat 16.2 14.8 0.19 16.3 15.2 0.46

revascularization, %

Stent thrombosis, % 0.7 0.6 0.67 0.8 0.7 0.67

UFH indicates unfractionated heparin; MI, myocardial infarction.

*Fisher exact test used.

respective groups. Propensity scores were estimated using a nonpar-
simonious multivariable logistic regression model.'s In the model,
the antithrombotic strategy (UFH versus bivalirudin or UFH+GPI
versus bivalirudin) was used as the dependent variable, and the 89
baseline characteristics displayed in Figures 1 and 2 were entered as
covariates. Matching was performed using a greedy matching pro-
tocol (1:1 matching without replacement) with a caliper width of 0.6
of the standard deviation. We estimated standardized differences for
all 89 covariates before and after matching, to assess prematch
imbalance and postmatch balance.'® Standardized differences <10%
for a given covariate indicate a relatively small imbalance.!® Match-
ing was performed using NCSS 2007 (NCSS, Kaysville, UT).

The cohort of patients treated with UFH (with or without GPI) was
then further divided into 3 strata, based on ACT achieved (as
described above). The matched bivalirudin-treated patients formed
the comparator for each subgroup. Paired comparisons were per-
formed using conditional logistic regression analysis for categorical
variables and paired ¢ test for continuous variables. Conditional
logistic regression involves analysis stratified on the matched pairs.
A probability value <0.05 was considered statistically significant.
The analyses were exploratory in nature, so no probability value
adjustment for multiple testing was applied with the exception of
subgroup analyses where we used the Bonferroni correction.

Results

The baseline demographics and clinical and angiographic
characteristics between the UFH versus bivalirudin and the
UFH+GPI groups are summarized in Tables 1 and 2. All
results described are for the propensity score matched com-
parisons, unless otherwise stated. Among the 10 144 patients
enrolled in EVENT waves 1 to 4, a total of 7777 (77%) met
the inclusion criteria (Figure 1). Compared with the patients
excluded for missing ACT data alone (656 patients), patients
included in the analyses had similar rates of primary ischemic
outcome (5.7% versus 6.4%; P=0.47).

Of the 7777 patients included, 1767 were treated with UFH
monotherapy, 2692 with UFH+GPI, and 3318 with bivaliru-
din monotherapy. Although there were important differences
in baseline characteristics between the bivalirudin and UFH
groups (with or without GPI), after propensity matching these
differences were no longer statistically significant. Moreover,
after matching, standardized differences were <10% for all
variables (Figures 2 and 3), suggesting a balanced distribution of
characteristics between the paired comparison groups. For the
bivalirudin versus UFH monotherapy comparison, the final
cohort consisted of 1511 matched patients in each treatment
group. For the comparison versus UFH+GPI, there were a total
of 1760 matched patients in each treatment group.

Bivalirudin Versus UFH Comparison

In the matched cohorts, angiographic complications did not differ
between the bivalirudin and UFH monotherapy groups (Table 3).
Bivalirudin therapy was associated with a 30% reduction in the
odds of composite bleeding (odds ratio [OR]=0.70; 95% con-
fidence interval [CI], 0.57—-0.85) compared with UFH without a
statistically significant increase in either the primary (ie, in-
hospital) (OR=0.88; 95% CI, 0.89-1.15) or secondary (ie,
12-month) ischemic outcomes (OR=0.97; 95% CI, 0.88—-1.06)
including stent thrombosis (Table 3).

The risks of bleeding and ischemic outcomes stratified by
ACT in the UFH group are summarized in Figure 4A through
4C. Bivalirudin groups had numerically lower bleeding rates
when compared with UFH across ACT strata (Figure 4A)
without any statistically significant increase in either the primary
(Figure 4B) or the secondary (Figure 4C) ischemic outcomes.
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Figure 4. A, Risk of primary bleeding outcome between unfrac-
tionated heparin (UFH) monotherapy and bivalirudin groups, as
a function of activated clotting time (ACT) achieved in the UFH
monotherapy group. B, Risk of primary ischemic outcome (in-
hospital) between UFH monotherapy and bivalirudin groups, as
a function of ACT achieved in the UFH monotherapy group. C,
Risk of secondary ischemic outcome (12 months) between UFH
monotherapy and bivalirudin groups, as a function of ACT
achieved in the UFH monotherapy group. All probability values
are Bonferroni-adjusted values.

Bivalirudin Versus UFH+GPI Comparison

In the matched cohorts, angiographic complications or either
in-hospital (OR=0.92; 95% CI, 0.70-1.20) or 1-year ische-
mic outcomes (OR=0.97; 95% CI, 0.83-1.15) did not differ

between the bivalirudin and UFH+GPI groups (Table 4). In
contrast, bivalirudin therapy was associated with a 57%
reduction in the odds of composite bleeding rate (OR=0.43;
95% CI, 0.30-0.62) when compared with the UFH+GPI
group. The use of bivalirudin versus UFH+GPI was also
associated with a modest reduction in postprocedure length of
stay (1.4 versus 1.6 days, P<<0.001).

The risk of bleeding and ischemic outcomes stratified by ACT
strata in the UFH+GPI arm are summarized in Figure 5A
through 5C. The risk of bleeding with UFH+ GPI increased with
higher ACT strata. Bivalirudin groups had numerically lower
bleeding rates when compared with UFH+GPI within each of
the ACT strata (Figure 5SA) without any statistically significant
increase in either the primary (in-hospital) (Figure 5B) or the
secondary ischemic outcomes (12-month) (Figure 5C) at any of
the ACT strata. Of note, the risk of primary ischemic outcome
with UFH+GPI strategy was lowest in the optimal ACT group.

Among the 2367 patients excluded from this study, the
composite bleeding rate was 4.71% and the primary ischemic
outcome rate was 6.73%—rates that were not dissimilar from
those seen in the UFH monotherapy group in the analytic cohort.
Among the patients included in this analysis, 468 patients (6.0%)
in the overall cohort and 327 patients (5%) in the matched cohort
had <330 days of follow-up. A sensitivity analysis performed
using time-to-event analysis yielded results largely consistent
with the main results (data not shown).

A post hoc power analysis on the key outcomes where we did
not achieve statistical significance was performed. For 1-year
composite of death, MI or unplanned repeat revascularization,
there was 80% power to detect an effect characterized by an
odds ratio of approximately 1.3-1.4. For the in-hospital com-
posite of death or MI, we could detect an odds ratio of 1.5-1.8.

Discussion
This analysis of data from the EVENT registry sought to
evaluate the efficacy and safety of bivalirudin use during PCI
in a relatively unselected cohort of patients when compared
with various levels of UFH activity (as measured by ACT)
with or without adjunctive GPI. The results showed numeri-
cally lower bleeding rates with bivalirudin when compared
across different ACT strata for both UFH and UFH+GPI
comparator strategies without any statistically significant
increase in either in-hospital or long-term ischemic outcomes.

Bivalirudin and Bleeding

Use of bivalirudin, a direct thrombin inhibitor, is recom-
mended by various national and international guidelines and
is a class I recommendation in patients with acute coronary
syndrome undergoing PCI.20-24 The efficacy and safety of
bivalirudin has been tested in many prospective randomized
trials. The initial dose of the comparator (UFH) used in these
trials has varied from high dose in the Bivalirudin Angio-
plasty Trial (BAT) trial (175 U/kg bolus)?® and Intracoronary
Stenting and Antithrombotic Regimen—Rapid Early Action
for Coronary Treatment 3 (ISAR-REACT 3) trial?¢ (140 U/kg
bolus; no infusion) to the more contemporary dosage (60-
U/kg bolus when given in conjunction with a GPI) used in
recent trials (HORIZONS-AMI, Acute Catheterization and
Urgent Intervention Triage strategY (ACUITY) trial).8?
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Table 4. Angiographic Complications, In-Hospital, and 12-Month Outcomes of the UFH+GPI Versus
Bivalirudin Groups Before and After Propensity Score Matching

Unmatched Propensity Score Matched
UFH+GPI Bivalirudin UFH+GPI Bivalirudin
(n=2692) (n=3318) P Value (n=1760) (n=1760) P Value
Angiographic complications, %
None 93.8 96.9 <0.0001 95.3 97.0 0.62
Abrupt closure 0.3 0.2 0.70* 0.3 0.3 0.76
No reflow 1.3 0.8 0.08 0.6 1.0 0.26
Thrombus 1.0 0.1 <0.0001 0.5 0.2 0.13
Distal embolization 0.7 0.2 0.01* 0.4 0.1 0.12
Outcomes

In-hospital

Death or adjudicated MI, % 6.9 5.4 0.01 6.4 5.9 0.54

Composite bleeding, % 6.1 2.2 <0.0001 55 2.3 <0.0001

Death, % 0.1 0.1 0.28* 0.1 0.1 1.00

Adjudicated MI, % 6.8 5.4 0.02 6.3 5.9 0.58

Postprocedure length of stay, d 1.9+22 1.5+4.9 <0.0001 1.6+1.9 1.4+1.6 <0.001
12 Months

Death or MI or any unplanned 17.4 14.8 0.01 16.2 15.8 0.77

repeat revascularization, %

Stent thrombosis, % 0.9 0.6 0.32 0.7 0.9 0.71

UFH indicates unfractionated heparin; GPI, glycoprotein Ilb—llla receptor inhibitor; and MI, myocardial infarction.

*Fisher exact test used.

These findings have led some to speculate as to whether
the differences in bleeding observed in these studies relate
primarily to use of higher doses of heparin, (reflected by a
high ACT) in the heparin-treated groups.”-?7-28 Steinberg et al
evaluated 1205 patients undergoing elective PCI. They found
no difference between bivalirudin compared with targeted
low dose UFH+GPI (targeted ACT of 250 seconds) for either
in-hospital bleeding outcomes or 6-month MACE rates.?® In
addition, although bleeding rates have been consistently low
with bivalirudin in randomized trials, there has been concern
regarding trends toward increased ischemic outcomes in some
studies. In the HORIZONS-AMI trial, acute stent thrombosis
was 5.9 times more common with bivalirudin when compared
with UFH+GPL?° suggesting that the reduction in bleeding came
at the cost of an increase in ischemic outcomes.

Our analysis of 7777 patients from a relatively unselected
cohort of patients undergoing PCI showed that (1) bleeding
rates were numerically lower with bivalirudin when com-
pared with UFH either with or without GPI and regardless of
the ACT stratum; (2) there was no increase in acute throm-
botic/ischemic complications during PCI with bivalirudin; (3)
there was no increase in 12-month ischemic outcomes (in-
cluding stent thrombosis); and (4) postprocedure length of
stay was shorter in patients who received bivalirudin com-
pared with UFH—possibly related to the impact of bleeding
on resource utilization and length of stay.

Our study differs from that of Steinberg et al in several
important ways. Specifically, our total sample size was 7
times larger; the events were systematically collected and
adjudicated (including routine surveillance of cardiac bio-
markers); we included patients who were given UFH alone;

and we included patients regardless of the achieved ACT. Our
results differ from those of Steinberg et al in that we observed
numerically lower bleeding rates with bivalirudin across ACT
stratum. Of note, the comparison of each ACT stratum in
UFH-treated patients (with or without GPI) with the corre-
sponding bivalirudin group preserved the postmatch balance
shown in Figures 1 and 3, even at the ACT substrata level.

Whereas the HORIZONS-AMI trial showed an increase in
acute stent thrombosis rates, we observed no increase in acute
thrombotic complications or stent thrombosis rates when
bivalirudin was compared with UFH with or without GPIL.
Our study differs from HORIZONS-AMI, however, by in-
cluding patients with both ST-elevation and non-ST-eleva-
tion—ACS and also those undergoing elective PCI rather than
ST-elevation—-MI alone. Moreover, in our study nearly half the
patients had clopidogrel loading before PCI, which may explain
the lack of increase in thrombotic complications with bivaliru-
din. In fact, in a post hoc analysis of the HORIZONS-AMI trial,
a 600 mg loading dose of clopidogrel was an independent
predictor of reduced 30-day MACE rates,> and this loading
dose has been proposed as a solution to prevent ischemic
complications with bivalirudin. In the ISAR REACT 3 trial of
patients with stable or unstable angina (with normal levels of
troponin T and CK-MB) who were undergoing PCI after
pretreatment with a 600-mg dose of clopidogrel at least 2 hours
before the procedure, there was no increase in ischemia end-
points with bivalirudin when compared with UFH.?®

Study Limitations
Our study uses data derived from a registry with prospective
follow-up of patients and hence should be regarded as
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Figure 5. A, Risk of primary bleeding outcome between unfrac-
tionated heparin plus glycoprotein llb-llla receptor inhibitor
(UFH+GPI) and bivalirudin groups, as a function of activated
clotting time (ACT) achieved in the UFH+GPI group. B, Risk

of primary ischemic outcome (in-hospital) between UFH+GPI
and bivalirudin groups, as a function of ACT achieved in the
UFH+GPI group. C, Risk of secondary ischemic outcome (12
months) between UFH+GPI and bivalirudin groups, as a func-
tion of ACT achieved in the UFH+GPI group. All probability val-
ues are Bonferroni-adjusted values.

hypothesis generating. Because treatment allocation was not
randomized, we used propensity score matching to adjust for
selection bias. Despite this rigorous approach, we cannot
exclude the possibility that our results were due to residual
confounding. In addition, because the operators were not
blinded to the antithrombotic drugs used, it is possible that
there were differences in patient treatment that could have
confounded the results. Moreover, there may be “responder
bias” in that patients who had the highest ACTs probably

were more sick, likely to metabolize heparin less efficiently,
and thus were more likely to bleed. We excluded a small
number of patients who received LMWH (n=5), because the
intention of the present analysis was to evaluate the relation-
ship between procedural complications and achieved ACT,
which is not generally measured after treatment with LM-
WHs. We also excluded patients who received GPI with
bivalirudin because prior studies have shown increased bleed-
ing risk with this combination, and this combination is rarely
used in contemporary practice.® Finally, we also excluded
patients who received “bail-out” GPI (in the UFH+GPI
group) because these are likely to be high-risk patients with
increased risk of in-hospital cardiovascular outcomes. Inclu-
sion of this subset probably would increase the observed
reduction in bleeding that was associated with bivalirudin
use. In addition, the peak ACT achieved may also be a
reflection of patients’ health, including hepatic function and
antithrombin levels.

Conclusions

In a unselected cohort of patients undergoing PCI, use of
bivalirudin during PCI was associated with lower bleeding
rates when compared with heparin with or without GPI,
regardless of the ACT strata of the heparin group, with no
increase in either in-hospital or 12-month ischemic outcomes,
including stent thrombosis.

Sources of Funding
The EVENT Registry was funded by grants from Millennium
Pharmaceuticals and Merck-Schering Plough Inc.

Disclosures

Dr Bangalore serves on the Advisory Board for Daiichi-Sankyo. Dr
Cohen received research grant support from Boston Scientific,
Abbott Vascular, Edwards Lifesciences, Eli Lilly/Daiichi-Sankyo,
and Merck/Schering Plough and is a Consultant to Cordis,
Medtronic, Eli Lilly, Merck/Schering Plough, and the Medicines
Company. Dr Kleiman received research grant support from
Medtronic, Eli Lilly/Daiichi-Sankyo, and Merck/Schering Plough
and is a Consultant to Eli Lilly, the Medicines Company, Boehringer
Ingleheim, and Regado Bioscience. Dr Rao received research fund-
ing from Novartis, Cordis, and Ikaria and is a consultant to The
Medicines Company, BMS, Sanofi-Aventis, Astra Zeneca, Daiichi
Sankyo-Lilly, and Terumo USA. Dr Mauri and is a consultant to
Cordis Corporation and received research grants to the Institution
from Abbott, Boston Scientific, Cordis, Medtronic, Bristol Myers
Squibb, Sanofi-Aventis, Eli Lilly, and Daiichii Sankyo.

References

1. Eikelboom JW, Mehta SR, Anand SS, Xie C, Fox KA, Yusuf S. Adverse
impact of bleeding on prognosis in patients with acute coronary syn-
dromes. Circulation. 2006;114:774-782.

2. Ndrepepa G, Berger PB, Mehilli J, Seyfarth M, Neumann FJ, Schomig A,
Kastrati A. Periprocedural bleeding and 1-year outcome after percutane-
ous coronary interventions: appropriateness of including bleeding as a
component of a quadruple end point. J Am Coll Cardiol. 2008;51:
690-697.

3. Rao SV, O’Grady K, Pieper KS, Granger CB, Newby LK, Van de Werf
F, Mahaffey KW, Califf RM, Harrington RA. Impact of bleeding severity
on clinical outcomes among patients with acute coronary syndromes.
Am J Cardiol. 2005;96:1200—1206.

4. Manoukian SV, Feit F, Mehran R, Voeltz MD, Ebrahimi R, Hamon M,
Dangas GD, Lincoftf AM, White HD, Moses JW, King SB III, Ohman
EM, Stone GW. Impact of major bleeding on 30-day mortality and
clinical outcomes in patients with acute coronary syndromes: an analysis
from the ACUITY Trial. J Am Coll Cardiol. 2007;49:1362—1368.



2202 ‘S Yyore N uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

. Cohen DJ, Lincoff AM, Lavelle TA, Chen HL, Bakhai A, Berezin RH,

Jackman D, Sarembock 1J, Topol EJ. Economic evaluation of bivalirudin
with provisional glycoprotein IIB/IIIA inhibition versus heparin with
routine glycoprotein IIB/IIIA inhibition for percutaneous coronary inter-
vention: results from the REPLACE-2 trial. J Am Coll Cardiol. 2004;44:
1792-1800.

. Smith SC Jr, Feldman TE, Hirshfeld JW Jr, Jacobs AK, Kern MJ, King

SB III, Morrison DA, O’Neill WW, Schaff HV, Whitlow PL, Williams
DO, Antman EM, Adams CD, Anderson JL, Faxon DP, Fuster V,
Halperin JL, Hiratzka LF, Hunt SA, Nishimura R, Ornato JP, Page RL,
Riegel B. ACC/AHA/SCAI 2005 Guideline Update for Percutaneous
Coronary Intervention: summary article: a report of the American College
of Cardiology/American Heart Association Task Force on Practice
Guidelines (ACC/AHA/SCAI Writing Committee to Update the 2001
Guidelines for Percutaneous Coronary Intervention). Circulation. 2006;
113:156-175.

. Lincoff AM, Bittl JA, Harrington RA, Feit F, Kleiman NS, Jackman JD,

Sarembock 1J, Cohen DJ, Spriggs D, Ebrahimi R, Keren G, Carr J, Cohen
EA, Betriu A, Desmet W, Kereiakes DJ, Rutsch W, Wilcox RG, de Feyter
PJ, Vahanian A, Topol EJ. Bivalirudin and provisional glycoprotein
IIb/IIa blockade compared with heparin and planned glycoprotein
IIb/I1la blockade during percutaneous coronary intervention:
REPLACE-2 randomized trial. JAMA. 2003;289:853—-863.

. Stone GW, McLaurin BT, Cox DA, Bertrand ME, Lincoff AM, Moses

JW, White HD, Pocock SJ, Ware JH, Feit F, Colombo A, Aylward PE,
Cequier AR, Darius H, Desmet W, Ebrahimi R, Hamon M, Rasmussen
LH, Rupprecht HJ, Hoekstra J, Mehran R, Ohman EM. Bivalirudin for
patients with acute coronary syndromes. N Engl J Med. 2006;355:
2203-2216.

. Stone GW, Witzenbichler B, Guagliumi G, Peruga JZ, Brodie BR, Dudek

D, Kornowski R, Hartmann F, Gersh BJ, Pocock SJ, Dangas G, Wong
SC, Kirtane AJ, Parise H, Mehran R. Bivalirudin during primary PCI in
acute myocardial infarction. N Engl J Med. 2008;358:2218-2230.

. Jacob S, Cohen DJ, Massaro J, Niemyski P, Maresh K, Kleiman N.

Design of a registry to characterize “real-world” outcomes of percutane-
ous coronary revascularization in the drug-eluting stent era. Am Heart J.
2005;150:887-892.

. Cutlip DE, Windecker S, Mehran R, Boam A, Cohen DJ, van Es GA, Steg

PG, Morel MA, Mauri L, Vranckx P, McFadden E, Lansky A, Hamon M,
Krucoff MW, Serruys PW. Clinical end points in coronary stent trials: a
case for standardized definitions. Circulation. 2007;115:2344-2351.

. Casserly IP, Kereiakes DJ, Gray WA, Gibson PH, Lauer MA, Reginelli

JP, Moliterno DJ. Point-of-care ecarin clotting time versus activated
clotting time in correlation with bivalirudin concentration. Thromb Res.
2004;113:115-121.

. Hafner G, Roser M, Nauck M. Methods for the monitoring of direct

thrombin inhibitors. Semin Thromb Hemost. 2002;28:425-430.

. Measday MA, Zucker ML, Pan CM, LaDuca FM. Optimizing man-

agement of hirudin anticoagulation. J Extra Corpor Technol. 2005;37:
66-70.

. Smith SC Jr, Dove JT, Jacobs AK, Kennedy JW, Kereiakes D, Kern MJ,

Kuntz RE, Popma JJ, Schaff HV, Williams DO, Gibbons RJ, Alpert JP,
Eagle KA, Faxon DP, Fuster V, Gardner TJ, Gregoratos G, Russell RO.
ACC/AHA guidelines of percutaneous coronary interventions (revision of
the 1993 PTCA guidelines): executive summary: a report of the American
College of Cardiology/American Heart Association Task Force on
Practice Guidelines (committee to revise the 1993 guidelines for percu-
taneous transluminal coronary angioplasty). J Am Coll Cardiol. 2001;37:
2215-2239.

. Rosenbaum P, Rubin D. The central role of propensity score in observa-

tional studies for causal effects. Biometrika. 1983;70:41-55.

. Rubin D. Using propensity score to help design observational studies:

application to the tobacco litigation. Health Serv Outcomes Res Methodol.
2001;2:169-188.

. Ahmed A, Husain A, Love TE, Gambassi G, Dell’Italia LJ, Francis GS,

Gheorghiade M, Allman RM, Meleth S, Bourge RC. Heart failure,
chronic diuretic use, and increase in mortality and hospitalization: an
observational study using propensity score methods. Eur Heart J. 2006;
27:1431-1439.

. Normand ST, Landrum MB, Guadagnoli E, Ayanian JZ, Ryan TJ, Cleary

PD, McNeil BJ. Validating recommendations for coronary angiography

Bangalore et al

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Bivalirudin and Outcomes 473

following acute myocardial infarction in the elderly: a matched analysis
using propensity scores. J Clin Epidemiol. 2001;54:387-398.

Anderson JL, Adams CD, Antman EM, Bridges CR, Califf RM, Casey
DE Jr, Chavey WE II, Fesmire FM, Hochman JS, Levin TN, Lincoft AM,
Peterson ED, Theroux P, Wenger NK, Wright RS, Smith SC Jr, Jacobs
AK, Halperin JL, Hunt SA, Krumholz HM, Kushner FG, Lytle BW,
Nishimura R, Ornato JP, Page RL, Riegel B. ACC/AHA 2007 guidelines
for the management of patients with unstable angina/non-ST-Elevation
myocardial infarction: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines (Writing
Committee to Revise the 2002 Guidelines for the Management of Patients
With Unstable Angina/Non-ST-Elevation Myocardial Infarction)
developed in collaboration with the American College of Emergency
Physicians, the Society for Cardiovascular Angiography and Inter-
ventions, and the Society of Thoracic Surgeons endorsed by the American
Association of Cardiovascular and Pulmonary Rehabilitation and the
Society for Academic Emergency Medicine. J Am Coll Cardiol. 2007,
50:e1-el57.

Bassand JP, Hamm CW, Ardissino D, Boersma E, Budaj A, Fernandez-
Aviles F, Fox KA, Hasdai D, Ohman EM, Wallentin L, Wijns W.
Guidelines for the diagnosis and treatment of non-ST-segment elevation
acute coronary syndromes. Eur Heart J. 2007;28:1598—-1660.
Harrington RA, Becker RC, Cannon CP, Gutterman D, Lincoff AM,
Popma JJ, Steg G, Guyatt GH, Goodman SG. Antithrombotic therapy for
non-ST-segment elevation acute coronary syndromes: American College
of Chest Physicians Evidence-Based Clinical Practice Guidelines (8th
edition). Chest. 2008;133:670S-707S.

Kushner FG, Hand M, Smith SC Jr, King SB III, Anderson JL, Antman
EM, Bailey SR, Bates ER, Blankenship JC, Casey DE Jr, Green LA,
Hochman JS, Jacobs AK, Krumholz HM, Morrison DA, Ornato JP, Pearle
DL, Peterson ED, Sloan MA, Whitlow PL, Williams DO. 2009 Focused
Updates: ACC/AHA Guidelines for the Management of Patients With
ST-Elevation Myocardial Infarction (updating the 2004 Guideline and
2007 Focused Update) and ACC/AHA/SCAI Guidelines on Percuta-
neous Coronary Intervention (updating the 2005 Guideline and 2007
Focused Update): a report of the American College of Cardiology
Foundation/American Heart Association Task Force on Practice
Guidelines. Circulation. 2009;120:2271-2306.

Silber S, Albertsson P, Aviles FF, Camici PG, Colombo A, Hamm C,
Jorgensen E, Marco J, Nordrehaug JE, Ruzyllo W, Urban P, Stone GW,
Wijns W. Guidelines for percutaneous coronary interventions: the Task
Force for Percutaneous Coronary Interventions of the European Society
of Cardiology. Eur Heart J. 2005;26:804—847.

Bittl JA, Chaitman BR, Feit F, Kimball W, Topol EJ. Bivalirudin versus
heparin during coronary angioplasty for unstable or postinfarction angina:
final report reanalysis of the Bivalirudin Angioplasty Study. Am Heart J.
2001;142:952-959.

Kastrati A, Neumann FJ, Mehilli J, Byrne RA, Iijima R, Buttner HJ,
Khattab AA, Schulz S, Blankenship JC, Pache J, Minners J, Seyfarth M,
Graf I, Skelding KA, Dirschinger J, Richardt G, Berger PB, Schomig A.
Bivalirudin versus unfractionated heparin during percutaneous coronary
intervention. N Engl J Med. 2008;359:688—696.

Tolleson TR, O’Shea JC, Bittl JA, Hillegass WB, Williams KA, Levine
G, Harrington RA, Tcheng JE. Relationship between heparin anticoagu-
lation and clinical outcomes in coronary stent intervention: observations
from the ESPRIT trial. J Am Coll Cardiol. 2003;41:386-393.

Steinberg DH, Shah P, Kinnaird T, Pinto Slottow TL, Roy PK, Okabe T,
Bonello L, de Labriolle A, Smith KA, Torguson R, Xue Z, Suddath WO,
Kent KM, Satler LF, Pichard AD, Lindsay J, Waksman R. Bleeding risk
and outcomes of bivalirudin versus glycoprotein IIb/IIla inhibitors with
targeted low-dose unfractionated heparin in patients having percutaneous
coronary intervention for either stable or unstable angina pectoris. Am J
Cardiol. 2008;102:160—164.

Dangas G, Mehran R, Guagliumi G, Caixeta A, Witzenbichler B, Aoki J,
Peruga JZ, Brodie BR, Dudek D, Kornowski R, Rabbani LE, Parise H,
Stone GW. Role of clopidogrel loading dose in patients with ST-segment
elevation myocardial infarction undergoing primary angioplasty: results
from the HORIZONS-AMI (harmonizing outcomes with revasculariza-
tion and stents in acute myocardial infarction) trial. J/ Am Coll Cardiol.
2009;54:1438—-1446.



