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Aims: We aimed to assess the association of bivalirudin with post-procedural Thrombolysis In Myocardial

st Infarction (TIMI) flow, acute (<24 hours) and 30-day stent thrombosis (ST), and one-year mortality.
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Methods and results: The study included 11,623 patients undergoing percutaneous coronary interven-
tion (PCI). The primary outcomes were post-procedural TIMI flow grade <2 and definite acute ST. In
groups treated with bivalirudin (n=3,135), abciximab plus unfractionated heparin (UFH; n=3,539) and UFH
alone (n=4,949), post-procedural TIMI was <2 in 5.2%, 3.2% and 3.2% of patients, respectively (adjusted
odds ratio [OR]=1.96 [95% confidence interval] 1.47-2.56 for bivalirudin versus abciximab plus UFH and
OR=1.56 [1.20-2.04] for bivalirudin versus UFH). Definite acute ST occurred in two patients (0.06%)
treated with bivalirudin, two patients (0.06%) treated with abciximab plus UFH, and seven patients (0.14%)
treated with UFH (p=0.47). Bivalirudin was not associated with increased risk of 30-day ST (hazard ratio
[HR]=1.20 [0.59-2.43] versus abciximab plus UHF, and HR=0.93 [0.48-1.82] versus UFH) or one-year
mortality (HR=0.95 [0.70-1.28] versus abciximab plus UHF, and HR=1.05 [0.78-1.41] versus UFH).

Conclusions: Bivalirudin was associated with higher risk of suboptimal post-PCI TIMI flow but not with
increased risk of acute or 30-day definite ST or one-year mortality compared with abciximab plus UFH or
UFH alone.

*Corresponding author: Deutsches Herzzentrum, Lazarettstrasse 36, 80636 Miinchen, Germany.
E-mail: anette fiedler@yahoo.de
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Introduction

Bivalirudin has been considered a viable alternative to unfrac-
tionated heparin (UFH) alone or in combination with a glyco-
protein IIb/Illa inhibitor as an anticoagulant strategy during
percutaneous coronary interventions (PCI). Although the use of
bivalirudin is associated with a significant reduction of major
bleeding, its impact on ischaemic complications and mortal-
ity remains controversial'?. In the Harmonizing Outcomes with
Revascularization and Stents in Acute Myocardial Infarction
(HORIZONS-AMI) trial, bivalirudin, as compared with UFH
with routine use of glycoprotein IIb/Illa inhibitors (GPI), was
associated with reduced incidence of 30-day major bleeding and
cardiac and all-cause mortality'. In the European Ambulance
Acute Coronary Syndrome Angiography (EUROMAX) trial,
pre-hospital bivalirudin reduced the risk of major bleeding, but
it had no impact on 30-day mortality or reinfarction compared
with UFH (or low-molecular weight heparin) plus optional GPI2.
In both studies, the risk of acute stent thrombosis (ST) was
increased by bivalirudin compared with UFH with or without
a GPI in patients with ST-segment elevation myocardial infarc-
tion. More than one third of all ST during three-year follow-
up occurred during the hospital phase, and mortality and major
bleeding were significantly higher after in-hospital stent throm-
bosis (more specifically subacute thrombosis) compared with
out-of-hospital stent thrombosis®.

Restoration of Thrombolysis In Myocardial Infarction (TIMI)
flow grade 3 by PCI is achieved in up to 95% of patients*®.
Failure to restore optimal epicardial blood flow is associated with
worse clinical outcome including early and late mortality*”. Of
note, it has been shown that suboptimal post-PCI epicardial blood
flow (TIMI flow grade <2) is associated with an increased risk for
ST'*!", Thus, the investigation of the impact of bivalirudin on pro-
cedural success and, in particular, on the post-PCI TIMI flow is of
clinical interest. We undertook this study to compare the impact of
various peri-PCI anticoagulant strategies (bivalirudin, abciximab
plus UFH or UFH alone) on the restoration of TIMI flow, acute
(<24 hours) and 30-day risk of ST, and one-year mortality.

Table 1. Main characteristics of included trials.

Methods

PATIENTS

The study sample comprised 11,623 patients recruited in six ran-
domised clinical trials (Table 1)'>7. All patients were recruited
between June 2000 and May 2011. Detailed inclusion/exclu-
sion criteria are provided in the primary publications'>".
Cardiovascular risk factors were defined using the accepted cri-
teria. Written informed consent was required for participation in
the primary trials, and an institutional review board approved each
study at each participating centre.

ANTITHROMBOTIC/ANTICOAGULANT DRUG REGIMENS
Patients underwent PCI after receiving 325-500 mg of aspirin and
a 600 mg loading dose of clopidogrel, at least two hours before the
procedure. Details of the use of antithrombotic/anticoagulant
drugs were provided in source publications'*"’. In brief, antithrom-
botic/anticoagulant drugs (applied in double-blind fashion)
included: abciximab — an intravenous bolus of 0.25 mg/kg fol-
lowed by an infusion of 0.125 pg/kg/min (a maximum of
10 pg/min) for 12 hours in combination with UFH (a bolus of
70 U/kg); UFH — an intravenous bolus of 140 U/kg and bivaliru-
din — an intravenous bolus of 0.75 mg/kg, followed by an infusion
of 1.75 mg/kg per hour until the end of the procedure. Overall,
there were 3,135 patients randomised to bivalirudin, 3,539 patients
randomised to abciximab+UFH 70 U/kg, and 4,949 patients ran-
domised to UFH 140 U/kg.

Coronary stenting with either bare metal or drug-eluting stents
was performed as per standard practice. The femoral artery route
was used for vascular access. Sheaths were removed and manual
compression was applied as soon as the activated partial throm-
boplastin time fell below 50 seconds. Chronic post-PCI antiplate-
let therapy consisted of aspirin (80-325 mg per day indefinitely)
and clopidogrel (75 to 150 mg per day until discharge but for no
longer than three days, followed by 75 mg per day for >1 month
in patients with bare metal stents or >6 months in patients with
drug-eluting stents). Other cardiac medications were prescribed at
the discretion of the attending physician.

Study Type of intervention No. of patients Study drugs
ISAR-REACT Elective PCI 2,145 - Abciximab+UFH* UFH
ISAR-SWEET Elective PCI in diabetic patients 694 - Abciximab+UFH UFH
ISAR-SMART 2 PCI for stable angina or positive stress test or 495 - Abciximab+UFH UFH

lesion in small vessels

ISAR-REACT 2 PCI for NSTEMI 2,021 - Abciximab+UFH UFH
ISAR-REACT 3 PCI for stable or unstable angina 4,551 Bivalirudin - UFH
ISAR-REACT 4 PCI for NSTEMI 1,717 Bivalirudin Abciximab+UFH -
*Unfractionated heparin was used as a bolus of 70 U/kg in association with abciximab and as a bolus of 140 U/kg as stand-alone therapy.
ISAR-REACT: Intracoronary Stenting and Antithrombotic Regimen-Rapid Early Action for Coronary Treatment; ISAR-SMART: Intracoronary Stenting to
Abrogate Restenosis in Small Arteries; ISAR-SWEET: Intracoronary Stenting and Antithrombotic Regimen: Is Abciximab a Superior Way to Eliminate
Elevated Thrombotic Risk in Diabetics; NSTEMI: non-ST-elevation myocardial infarction; PCI: percutaneous coronary intervention; UFH: unfractionated
heparin




STUDY OUTCOMES AND DEFINITIONS
The primary outcomes were post-procedural TIMI flow grade <2
at the target vessel and acute (<24 hours) ST. The secondary out-
comes were definite ST at 30 days and all-cause mortality at one
year after PCI. Epicardial blood flow was quantified according to
the TIMI group criteria'®. Definite ST was defined according to
the Academic Research Consortium criteria'. The diagnosis of
myocardial infarction required the development of new abnormal
Q-waves in >2 contiguous precordial or >2 adjacent limb leads
or an elevation of creatine kinase-myocardial band (CK-MB)
>2 times (>3 times for the 48 hours after a PCI procedure) the
upper limit of normal. Bleeding events within the 30 days after PCI
were defined using the Bleeding Academic Research Consortium
(BARC) criteria®. Information on deaths was obtained from hos-
pital records, death certificates or phone contact with the referring
physician(s), relatives of the patient, insurance companies and reg-
istration of address office.

The follow-up protocol included a phone interview at one month,
a visit at six months and a phone interview at 12 months. Collection
of follow-up information and adjudication of adverse events were
performed by medical staff unaware of the type of treatment received.
Angiographic data were analysed by the same quantitative angio-
graphic core laboratory, located at the ISAResearch Center, Munich.

STATISTICAL ANALYSIS

The normality of data distribution was tested using the one-sample
Kolmogorov-Smirnov test. Data are presented as median (25th-75th
percentiles), mean+standard deviation, counts (%) or Kaplan-Meier
estimates (%). Categorical data were compared with the chi-square
test. Survival analysis was performed using the Kaplan-Meier
method and the log-rank test. The heterogeneity of odds ratios was
assessed with the Breslow-Day test. A multiple logistic regression

Table 2. Baseline characteristics.

Bivalirudin and PCI

model was used to assess correlates of post-PCI TIMI flow. The
following variables were entered into the model: antithrombotic
therapy, age, sex, body mass index, diabetes, arterial hypertension,
hypercholesterolaemia, current smoking, prior myocardial infarc-
tion, presentation with an acute coronary syndrome, clevated tro-
ponin, multivessel disease, intervention in a venous bypass graft,
complex lesions, baseline TIMI flow, number of lesions and type
of intervention. Bootstrapping (400 samples) was used to validate
the stability of the model by ensuring the fidelity of the confi-
dence intervals. The Cox proportional hazards model was used to
assess correlates of definite ST at 30 days and one-year mortality.
The same variables as for the model for post-PCI TIMI flow were
entered into the Cox models. Due to collinearity with the number
of lesions, the number of stents and total stented length were not
entered into the models. The proportional hazards assumption was
checked by the method of Grambsch and Therneau®'. All analyses
were performed using the R package. A two-sided p-value <0.05
was considered to indicate statistical significance.

Results

BASELINE CHARACTERISTICS

According to the antithrombotic/anticoagulant strategy received,
patients were divided into three groups: abciximab plus UFH group
(n=3,539), bivalirudin group (n=3,135), and UFH alone group
(n=4,949). Coronary stents were implanted in 10,703 patients
(92.1%). Baseline characteristics are shown in Tabhle 2. There
were significant differences among the groups with regard to pro-
portion of patients with diabetes (including those requiring insu-
lin), arterial hypertension, hypercholesterolaemia, smoking status,
acute coronary syndrome on admission and elevated troponin T
level. Angiographic and procedural characteristics are shown in
Table 3.

Variable Bivalirudin Abciximab + UFH* UFH**
(n=3,135) (n=3,539) (n=4,949)
Age (years) 68.0 66.9 67.3 0.05
[60.3-74.3] [69.7-74.4] [69.7-74.2]
Men 2,392 (76.3) 2,692 (76.1) 3,753 (75.8) 0.89
Body mass index (kg/m?) 27.1 27.0 27.0 0.11
[24.9-29.8] [24.6-29.7] [24.8-29.7]
Diabetes mellitus 853 (27.2) 610 (17.2) 1,547 (31.3) <0.001
Insulin-dependent 449 (14.3) 1,145 (32.4) 818 (16.5) 0.003
Arterial hypertension 2,748 (87.7) 2,339 (66.1) 3,659 (74.0) <0.001
Hypercholesterolaemia (=220 mg/dl) 2,420 (77.2) 2,112 (59.7) 3,306 (66.8) <0.001
Current smoker 520 (16.6) 724 (20.5) 827 (16.7) <0.001
Acute coronary syndrome on admission 1,277 (50.7) 1,871 (52.9) 1,423 (28.8) <0.001
Elevated troponin T 858 (27.4) 1,372 (38.8) 535 (10.8) <0.001
Prior myocardial infarction 892 (28.4) 990 (28.0) 1,490 (30.1) 0.074
Prior coronary artery bypass surgery 28.4 (12.0) 372 (10.5) 516 (10.4) 0.070

UFH: unfractionated heparin

Data are median [25th; 75th percentiles] or number of patients (%). *UFH was used as a bolus of 70 U/kg. **UFH was used as a bolus of 140 U/kg.
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Table 3. Angiographic characteristics.

|
g
S
2 Variable ?r'l"::';"l‘;d\,:;' Abczﬁg‘:g;;)”m UFH (n=4,949)
E Extent of coronary 1-vessel 627 (20.0) 784 (22.2) 1,098 (22.2) 0.006
5 artery disease 2-vessel 852 (27.2) 1,037 (29.3) 1,409 (28.5)
= 3-vessel 1,656 (51.2) 1,718 (48.5) 2,442 (49.3)
% Multivessel disease 2,508 (80.0) 2,755 (77.8) 3,851 (77.8) 0.04
.3 Vessel treated Left main coronary artery 150 (4.8) 76 (2.1) 149 (3.0) <0.001
% LAD coronary artery 1,232 (39.3) 1,446 (40.9) 1,872 (37.8)
8 Left circumflex coronary artery 755 (24.1) 955 (27.0) 1,321 (26.7)
Right coronary artery 910 (29.0) 976 (27.6) 1,494 (30.2)
Venous bypass graft 88 (2.8) 86 (2.4) 113 (2.3)
Complex lesions 2,210 (70.5) 2,628 (74.3) 3,388 (68.5) <0.001
Pre-procedural TIMI 0 268 (8.6) 342 (9.7) 275 (5.6) <0.001
W 1 106 (3.4) 151 (4.3) 142 (2.9)
2 330 (10.5) 587 (16.6) 492 (9.9)
S 2,423 (77.5) 2,449 (69.4) 4,033 (81.6)
Number of lesions 1.74+0.96 1.53+0.81 1.53+0.83 <0.001
Number of stents 1.20+0.48 1.21+0.48 1.17+0.46 0.001
Total stented length (mm) 23.7+11.8 22.9+11.7 22.0£10.8 <0.001
Type of intervention Balloon angioplasty 265 (8.4) 226 (6.4) 429 (8.7) <0.001
Bare metal stents 197 (6.3) 1,963 (55.5) 2,067 (41.8)
Drug-eluting stents 2,673 (85.3) 1,350 (38.1) 2,453 (49.5)
Data are shown as number (percentage) of patients or meanzstandard deviation. *Abciximab was used per protocol; no bail-out was allowed. **Data
missing in 25 patients (0.2%). LAD: left anterior descending; TIMI: Thrombolysis In Myocardial Infarction; UFH: unfractionated heparin

ANGIOGRAPHIC AND CLINICAL OUTCOMES 5.2%, 3.2% and 3.2%, respectively, showing a significantly higher
Angiographic and clinical outcomes are shown in Table 4. In  rate of TIMI flow grade <2 among patients treated with bivaliru-
patients treated with bivalirudin, abciximab plus UFH and UFH  din compared with abciximab plus UFH (odds ratio [OR]=1.65,
alone, the frequency of post-procedural TIMI flow grade <2 was  95% confidence interval [CI] 1.30-2.11, p<0.001) or UFH alone

Table 4. Angiographic and clinical outcomes.

Bivalirudin Abciximab+UFH UFH

Variable (n=3,135) (n=3,539) (n=4,949)

Post-procedural TIMI flow 0 57 (1.8) 22 (0.6) 56 (1.1) <0.001

1 22 (0.7) 12 (0.3) 21 (0.4)

2 86 (2.7) 81 (2.3) 83 (1.7)

3 2,970 (94.8) 3,424 (96.8) 4,789 (96.8)
Definite ST within 24 hours 2 (0.06) 2 (0.06) 7 (0.14) 0.47
Definite ST at 30 days 18 (0.6) 19 (0.5) 27 (0.5) 0.98
Bleeding within 30 days 0 2,844 (90.7) 3,093 (87.4) 4,435 (89.6) 0.001
[BARE Etei) 127 (4.1) 142 (4.0) 248 (5.0)

2 37 (1.2) 81 (2.3) 66 (1.3)

3a 94 (3.0) 172 (4.9) 128 (2.6)

3b 30 (0.9) 43 (1.2) 64 (1.3)

3c 2(0.07) 5(0.1) 5(0.1)

4 1 (0.03) 3(0.1) 3(0.1)
Thrombocytopaenia (<20x103/pl) 0 36 (1.0) 0 <0.001
Death at 1 year 82 (2.6) 128 (3.6) 141 (2.9) 0.035
Data are number of patients/events (%). ST: stent thrombosis; TIMI: Thrombolysis In Myocardial Infarction; UFH: unfractionated heparin




(OR=1.66 [1.33-2.08], p<0.001). In the Intracoronary Stenting
and Antithrombotic Regimen-Rapid Early Action for Coronary
Treatment (ISAR-REACT) 3 trial, in which bivalirudin was com-
pared with UFH, the incidences of TIMI flow <2 were 4.7% in
the bivalirudin group and 4.2% in the UFH group (OR=1.16
[0.86-1.54]; the Breslow-Day test for the heterogeneity of ORs
showed a p-value of 0.044 for the association of this OR with
the OR for this association in the overall study). In the ISAR-
REACT 4 trial, in which bivalirudin was compared with abcixi-
mab plus UFH, the incidences of TIMI flow <2 were 6.4% in the
bivalirudin group and 5.9% in the UFH group (OR=1.08 [0.72-
1.64]; the Breslow-Day test for the heterogeneity of ORs showed
a p-value of 0.075 for the association of this OR with the OR
for this association in the overall study). Definite ST <24 hours
after PCI occurred in two patients (0.06%) treated with bivaliru-
din, two patients (0.06%) treated with abciximab plus UFH, and
seven patients (0.14%) treated with UFH alone (p=0.47). Definite
ST at 30 days occurred in 64 patients: 18 patients (0.6%) in the
bivalirudin group, 19 patients (0.5%) in the abciximab plus UFH
group, and 27 patients (0.5%) in the UFH alone group (p=0.98).
There were 351 deaths at one year after PCI: 82 deaths (2.6%)
among patients treated with bivalirudin, 128 deaths (3.6%) among
patients treated with abciximab plus UFH, and 141 deaths (2.9%)
among patients treated with UFH alone (log-rank test p=0.035).
Among patients treated with bivalirudin, the risk of death was
lower than in patients treated with abciximab plus UFH (OR=0.72
[0.54-0.95], p=0.019), but similar to that in those treated with
UFH alone (OR=0.91 [0.70-1.21], p=0.53). Other clinical out-
comes are shown in Table 4.

PREDICTORS OF POST-PCI TIMI FLOW, 30-DAY ST AND
ONE-YEAR MORTALITY

The multiple logistic regression model showed that bivaliru-
din use, diabetes, arterial hypertension, intervention in a venous
bypass graft, complex lesions, pre-procedural TIMI flow <2 and
stent type were associated with the increased risk of post-PCI
TIMI flow <2 (Table 5).

The bootstrapping approach confirmed the stability of the mul-
tiple logistic regression model for the association with TIMI flow
<2 of bivalirudin vs. UFH (OR=1.96 [1.45-2.63]) or bivalirudin
vs. abciximab plus UFH (OR=1.56 [1.18-2.06]). Due to the lim-
ited number of events, multivariable analysis was not applied to
identify correlates of risk for acute ST.

The Cox proportional hazards model was used to identify asso-
ciates of risk for 30-day ST and one-year mortality. Diabetes (haz-
ard ratio [HR]=2.37 [1.41-3.96], p<0.001) and number of lesions
(HR=1.63 [1.32-2.01], p<0.001) were the only variables that were
associated with the increased risk of 30-day ST. Bivalirudin use
was not associated with an increased risk of 30-day ST com-
pared with abciximab plus UFH (HR=1.20 [0.59-2.43]) or UFH
alone (HR=0.93 [0.48-1.82]). The results of the Cox model
applied to identify associates of one-year mortality are shown
in Table 6. Bivalirudin use was not associated with an increased

Bivalirudin and PCI

Table 5. Results of multiple logistic regression regarding
predictors of suboptimal (<2) post-procedural TIMI flow grade.

Adjusted odds ratio

[95% confidence
intervall

1.56 [1.20-2.04]

Variable p-value

Bivalirudin (versus UFH) <0.001

Bivalirudin (versus abciximab
plus UFH)

Age (for 10-year increase)

1.96 [1.47-2.56] <0.001

1.06 [0.95-1.19] 0.32
0.85[0.65-1.10] 0.22

Sex (women versus men)

Body mass index (for 5 kg/m?

; 1.03[0.90-1.17] 0.65
increase)

1.28 [1.01-1.41] 0.04
1.55[1.17-2.04] 0.002
1.16 [0.92-1.47] 0.20
1.03[0.77-1.371] 0.85
1.14 [0.91-1.44] 0.25

Diabetes mellitus

Arterial hypertension

Hypercholesterolaemia

Current smoking

Prior myocardial infarction

Acute coronary syndrome on

admission 0.98 [0.72-1.33] 0.88

Elevated troponin T on admission 1.15[0.83-1.59] 0.40

Multivessel disease (versus single

1.05[0.79-1.40] 0.72
vessel)

Intervention in the venous bypass

2.25[1.43-3.55] | <0.001

graft
Complex lesions 1.96 [1.43-2.71] <0.001
Baseline TIMI flow <2 6.73 [56.33-8.51] <0.001

Number of lesions (for each lesion) | 0.98 [0.87-1.11] 0.78
Stent type (BMS versus DES) 1.35[1.02-1.78] 0.001

BMS: bare metal stent; DES: drug-eluting stent; TIMI: Thrombolysis In
Myocardial infarction; UFH: unfractionated heparin

risk of one-year mortality compared with abciximab plus UFH
(HR=0.95 [0.70-1.28]) or UFH alone (HR=1.05 [0.78-1.41]).

Discussion

The main findings of this study may be summarised as follows.
1) The use of bivalirudin as peri-PCI anticoagulant strategy in
patients with stable coronary artery disease and non-ST-segment
elevation acute coronary syndromes is associated with a higher
frequency of post-procedural suboptimal epicardial blood flow
(TIMI flow grade <2) compared with a strategy of abciximab plus
UFH or UFH alone. 2) Peri-PCI use of bivalirudin in patients with
stable or unstable coronary artery disease was not associated with
increased risk of acute (<24 hours) or 30-day ST compared with
a strategy of abciximab plus UFH or UFH alone. 3) Periprocedural
use of bivalirudin was not associated with an increased adjusted
risk of one-year mortality as compared with abciximab plus UFH
or UFH alone.

Suboptimal epicardial coronary flow after PCI is multifacto-
rial. Various factors, including patient’s characteristics (older age,
history of myocardial infarction, anterior wall infarct, reduced
left ventricular ejection fraction, haemodynamic instability) or

procedure-related factors (pre-procedural TIMI flow grade 0-1,
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Table 6. Results of multivariable analysis regarding correlates of
one-year mortality.

Adjusted hazard

ratio [95%
confidence intervall

1.05[0.78-1.41] 0.73

Variable p-value

Bivalirudin (versus UFH)

Bivalirudin (versus abciximab
plus UFH)

Age (for 10-year increase)

0.95[0.70-1.28] 0.74

1.99[1.75-2.27] | <0.001
0.89[0.70-1.14] 0.37

Sex (women versus men)

Body mass index (for 5 kg/m?

; 0.81 [0.70-0.93] 0.004
increase)

1.88[1.52-2.34] | <0.001
0.77 [0.60-1.00] 0.046
0.76 [0.61-0.95] 0.015
1.28 [0.93-1.76] 0.13

1.391[1.11-1.74] 0.004

Diabetes mellitus

Arterial hypertension

Hypercholesterolaemia

Current smoking

Prior myocardial infarction

Acute coronary syndrome on

admission 1.20 [0.85-1.69] 0.30

Elevated troponin T on admission 2.14 [1.51-3.04] <0.001

Multivessel disease (versus single

2.07 [1.41-3.04] <0.001
vessel)

Intervention in the venous bypass

graft 1.65 [1.04-2.60] 0.032

1.00 [0.78-1.29] 0.99
0.77 [0.59-1.011] 0.06
Number of lesions (for each lesion) | 0.98 [0.86-1.11] 0.73
Stent type (BMS versus DES) 1.42[1.10-1.84] 0.002

BMS: bare metal stent; DES: drug-eluting stent; TIMI: Thrombolysis In
Myocardial Infarction; UFH: unfractionated heparin

Complex lesions
Baseline TIMI flow <2

persistent stenosis or thrombosis, coronary dissection, intramural
haematoma, side branch occlusion, coronary spasm or distal embo-
lisation of thrombotic material)’#?*%, have been found to increase
the risk of suboptimal epicardial flow after PCI. One observational
study in patients with acute coronary syndrome treated with PCI
has reported better post-procedural TIMI flow but no difference
in bleeding events, angiographic no-reflow or 30-day incidence of
major adverse cardiac events with bivalirudin with provisional use
of glyocoprotein IIb/Illa inhibitors versus UFH with provisional
use of GPI*. To our knowledge, the finding of an association
between bivalirudin use and an increased risk of suboptimal post-
procedural TIMI flow has not been reported before. Although the
possibility that this finding is a play of chance cannot be entirely
refuted, several lines of evidence may support such an association.
First, since patients treated with bivalirudin did not have a worse
profile in terms of baseline cardiovascular risk or patient- or pro-
cedure-related characteristics compared to patients treated with
abciximab or UFH, differences in the risk profile do not seem to
explain the differences among various antithrombotic strategies
in the restoration of post-PCI TIMI flow. Second, the association
between bivalirudin use and an increased risk of suboptimal epi-
cardial blood flow restoration by PCI persisted after adjustment

for potential confounders. Third, prior studies have suggested an
inverse relationship in the bivalirudin impact on bleeding and
thrombotic complications after PCI, i.e., a greater reduction of
bleeding risk with bivalirudin, at the expense of a lower protection
against thrombotic complications with the drug®. Fourth, studies
in patients with ST-segment elevation myocardial infarction have
reported an increased risk of acute (<24 hours) ST with bivalirudin
compared with UFH with routine or optional use of GPI'?, which
may be interpreted as an indication of suboptimal antithrombotic
protection.

The present study did not show any increase in the risk of ST
with bivalirudin compared to other antithrombotic/anticoagulant
periprocedural strategies used, albeit the number of events (espe-
cially acute stent thrombosis) was limited. In this regard, the pre-
sent findings seem to differ from the recent studies that have
reported an increased risk of acute ST with bivalirudin compared
to UFH with routine or optional use of GPI'2. These studies have
reported an increased risk of acute ST in patients with STEMI,
known to have a high thrombotic burden and increased thrombo-
genicity. Conversely, the present study included patients with sta-
ble angina undergoing elective PCI or non-ST-segment elevation
acute coronary syndromes with less thrombogenic potential at the
site of the target vessel. The increased risk of ST associated with
suboptimal post-procedural epicardial blood flow'®!"" might have
been counterbalanced by a reduction in peri-PCI bleeding, which
has been reported to increase the risk of ST significantly®.

Consistent with other studies”’, we did not find any impact of
bivalirudin on mortality as compared with abciximab plus UFH
or UFH alone strategies. The association of bivalirudin with the
risk of mortality may be complex. On the one hand, bivalirudin
use was associated with an increased risk of suboptimal epicar-
dial blood flow after PCI, known to be a significant associate of
mortality after PCI*®. On the other hand, the present study and
other studies"'”*” have shown that bivalirudin use is associated
with a significant reduction of the risk of peri-PCI bleeding. Thus,
in terms of the association with mortality, as well as with ST,
the impact of worse post-procedural epicardial flow might have

been counterbalanced by the reduction of bleeding by bivalirudin.

Limitations

The present study has limitations. First, although the study
patients were obtained from randomised trials, the present pooled
analysis, in itself, does not represent a randomised comparison of
antithrombotic strategies. Second, due to the long study period,
changes in the practice of PCI involving new antithrombotic
therapy and stent technology have occurred; however, in the set-
ting of the present study they remain difficult to assess. Although
we adjusted for differences in the baseline data in the multivari-
able analysis, there is a possibility that some confounders remain
unaccounted for. Third, the number of acute ST was too small to
allow an analysis of factors predisposing for this complication.
Likewise, caution is warranted in interpreting the correlates of
30-day ST due to the limited number of this adverse event.



Conclusions

In conclusion, bivalirudin use as a peri-PCI anticoagulant strategy in
patients with stable and unstable coronary artery disease was asso-
ciated with an increased risk of post-procedural suboptimal epicar-
dial blood flow compared with a strategy of abciximab plus UFH
or UFH alone. However, in direct comparison trials of bivalirudin,
the difference in outcome was less pronounced. Bivalirudin was not
associated with an increased risk of acute or 30-day ST or one-year

mortality compared with abciximab plus UFH or UFH alone.

Impact on daily practice

Failure to restore optimal epicardial blood flow post-PCI is
multifactorial and associated with worse clinical outcome. The
periprocedural use of bivalirudin compared to UFH or UFH
plus abciximab increases the risk of suboptimal epicardial blood
flow. Thus, in daily PCI routine, the choice of periprocedural
anticoagulant regimen should be reflected on thoroughly, and
balance the patient’s individual risks for ischaemic and bleed-
ing events.
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