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Abstract
Aims: We studied the clinical and economic impact of bivalirudin in clinical practice.

Methods and results: Consecutive patients undergoing PCI via the common femoral artery for stable,

unstable, or atypical angina, silent ischaemia, or non-ST-elevation myocardial infarction indications during

2007-2008 were prospectively studied. In-hospital bleeding events were systematically assessed and

classified as either major or minor. Use of bivalirudin, vascular closure devices, heparin and/or glycoprotein

(GP) IIb/IIIa inhibitor was at the operator’s discretion. Among 1,364 patients, 503 received bivalirudin and

861 received usual care consisting of either heparin monotherapy (n=687) or heparin+GP IIb/IIIa (n=174).

Any post-PCI bleeding occurred in 356 (26.1%) patients, including 32 (2.3%) major and 324 (23.8%)

minor events. Compared with usual care, bivalirudin was associated with reduced bleeding before adjustment

(any: 17.3% vs. 31.2%, P<0.001; major: 1.2% vs. 3.0%, P=0.03; minor: 16.1% vs. 28.2%, P<0.01) and

after propensity-matching (OR 0.46, 95% CI 0.34-0.63, P<0.001). Use of vascular closure devices was

associated with an increase in any bleeding (32.2% vs. 17.7%, P<0.001), primarily due to an increase in

minor bleeding (30.8% vs. 14.1%, P<0.001) while there was a significant decrease in major bleeding

(1.4% vs. 3.7%, P=0.007). Bivalirudin was associated with total hospitalisation costs that were lower than

usual care (mean cost savings, $463/patient; 95% CI 1,594 less to 621 more).

Conclusions: In this prospective PCI cohort, bivalirudin was associated with reduced major and minor

bleeding without a significant increase in hospital costs compared with other anticoagulation regimens.

Closure device use was associated with decreased major but increased minor bleeding.
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Introduction
Bleeding following percutaneous coronary intervention (PCI) is

associated with a higher frequency of morbidity, including

myocardial infarction (MI)1,2 and death1,3-6. Bleeding also results in

increased length of stay and hospital cost7-9. Current anticoagulation

and antiplatelet therapies reduce post PCI ischaemic complications

yet are associated with increased rates of bleeding10-12. In

randomised controlled trials conducted in multiple clinical settings12-17,

bivalirudin (Angiomax®, The Medicines Company, Parsippany, NJ, USA)

has demonstrated efficacy in PCI patients. Bivalirudin is also associated

with lower rates of bleeding13,17,18, shorter length of stay9, and lower

in-hospital costs8. To date, much work has focused on bivalirudin in

randomised controlled populations, with few studies assessing the

association between bivalirudin and bleeding in actual clinical practice.

The purpose of this study was to prospectively assess the clinical

and economic impact of bivalirudin in a clinical PCI practice,

specifically with respect to in-hospital bleeding events and cost

outcomes. Additional analyses were performed in various

subgroups, including use/non-use of glycoprotein (GP) IIb/IIIa

inhibitors and vascular closure devices.

Methods

Population and centres
Consecutive patients >18 years old undergoing PCI from May 2007

to October 2008 were prospectively studied at a single health

system consisting of four PCI centres. Bivalirudin was not available

for use in PCI patients in the time preceding study commencement.

Indications for PCI were limited to stable, unstable, or atypical

angina, silent ischaemia, or non-ST-elevation MI. Patients with ST-

elevation MI were excluded. All patients underwent PCI via the

common femoral artery. Data were collected using a standardised

data collection form. This study was considered a quality

improvement initiative and informed consent was waived19 by the

Saint Luke’s Hospital Institutional Review Board.

Patient groups were defined according to anticoagulant use. Choice

of anticoagulants was at the operator’s discretion. All patients

received clopidogrel prior to PCI consisting of a 600 mg loading

dose for patients undergoing catheterisation within six hours and

300 mg loading dose for all other patients. A 75 mg maintenance

dose was continued for all patients. Patients either received usual

care (heparin 70 u/kg with or without eptifibatide 180 mcg/kg bolus

before PCI followed by a second 180 mcg/kg bolus 10 minutes later

in all patients and 2 mcg/kg/min infusion up to 18 hours in patients

with creatinine clearance >50 or 1 mcg/kg/min in patients with

creatinine clearance <50) or bivalirudin (with or without IIb/IIIa

inhibitor). In ACS patients, upstream use of eptifibatide was

permissible in the bivalirudin arm. Bivalirudin was administered as

a 0.75 mg/kg bolus in all patients followed by a 1.75 mg/kg/hr

infusion for the duration of the procedure in patients with a

glomerular filtration rate >30 mL/min/1.73 m2, 1.0 mg/kg/hr in

patients with glomerular filtration rate <30 mL/min/1.73 m2, or

0.25 mg/kg/hr in chronic haemodialysis patients. The infusion of

bivalirudin was stopped immediately post-procedure in all patients.

Patients receiving usual care did not receive bivalirudin either in-lab

or upstream at any time during the peri-PCI time period. The use of

closure devices (Angio-Seal™, St. Jude Medical, St. Paul, MN,

USA; or Perclose® A-T, Abbott Vascular, Abbott Park, IL, USA) was

also at the discretion of the operator. A standard sheath removal

protocol was used in patients receiving vascular closure devices,

with the sheath removed two hours following discontinuation of

bivalirudin and after activated clotting time <160 s.

Outcome measures and definitions
Post-PCI bleeding events were systematically assessed by trained

healthcare providers in all patients and recorded using a

standardised data collection tool. All providers were trained by

single investigator (L.R.) Bleeding events were defined a priori as

either major or minor. Major bleeding was identified using National

Cardiovascular Data Registry® (NCDR®) CathPCI registry version

3.04 definitions (https://www.accncdr.com/webncdr/DefaultCath

PCI.aspx), which includes events resulting in transfusion, prolonged

hospital stay, and/or >3.0 g/dL decrease in haemoglobin during or

after catheterisation until discharge. Major bleeding events are

further classified by location at 1) percutaneous entry site and

originating externally or manifesting as haematoma with size based

on anatomic site (>10 cm for femoral, >5 cm for brachial, or >2 cm

for radial); 2) retroperitoneal; 3) gastrointestinal; 4) genitourinary; or

5) other/unknown origin. Minor bleeding events were defined as

1) bruising with haematoma and sub-classified by size (<5 cm, 5-

10 cm, or >10 cm), 2) bleeding requiring re-hold, or 3) bleeding

event changing the course of hospitalisation as determined by

clinical staff. Post-PCI adverse events and total hospital costs,

including drug acquisition, in-lab, and post-lab costs, were also

analysed. Other outcomes of interest included in-hospital mortality,

procedural length of stay, urgent revascularisation (percutaneous or

surgical), and post-PCI MI. Creatine kinase-MB was assessed every

eight hours (available in 97% of patients). Periprocedural MI was

defined as creatine kinase-MB >3x the upper limit of normal within

16 hours following PCI. Post-PCI renal failure was defined as an

increase in creatinine of 0.5 g/dL. Total hospital costs, including

anticoagulation, from date of PCI procedure to discharge were

obtained from the hospital accounting system. Actual

catheterisation laboratory costs were used in place of hospital

estimates for procedural supplies and devices. Procedural supply

costs, including balloons, stents, atherectomy devices, contrast dye

and guidewires, were provided directly from the hospital’s

catheterisation lab cost accounting system. Length of hospital stay

and associated costs were adjudicated such that costs were

included beginning on the date of the procedure and continuing

until either discharge or three days from the procedure, whichever

was earlier. Hospital costs beyond three days post-procedure were

included only if adverse events or bleeding complications potentially

related to the procedure were reported for the patient.

Statistical analysis
Continuous variables are described as mean±standard deviation

and compared using unpaired t-tests. Categorical variables are

described as counts and percentages and compared by χ2 or

Fisher’s exact test. Multivariable logistic regression was
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performed to assess the impact of bivalirudin use on bleeding

with results presented as odds ratios (95% confidence intervals).

Covariates in the model were age, gender, body mass index,

diabetes, previous MI, previous heart failure, coronary artery

disease, peripheral vascular disease, chronic lung disease,

hypertension, smoking, previous PCI, previous coronary artery

bypass surgery, current heart failure, non-ST-elevation MI, and

multivessel PCI. As a sensitivity analysis to assess the impact of

bivalirudin on bleeding, a propensity model was developed for

bivalirudin using the covariates listed above. Patients were

matched 1:1 by propensity to receive bivalirudin with a 1%

maximum difference allowed in the match. An additional

exploratory analysis was performed to assess clinical and

economic outcomes of bivalirudin and vascular closure devices

in patients at high risk of bleeding according to a risk model

developed using data from the NCDR20. Cost and length of stay

data were compared by Wilcoxon rank-sum tests. Per patient

costs attributable to bivalirudin and vascular closure devices

were US $1,063 and $235, respectively. Due to the right-skewed

nature of the distribution, length of stay and total costs greater

than the 99th percentile in each treatment group were assigned to

the 99th percentile for the group to reduce the impact of outliers

on group means. Bootstrapping techniques with 1,000

replications using the percentile method21 were used to compute

95% percent confidence intervals around mean unadjusted

differences in costs for groups of interest (bivalirudin vs. no

bivalirudin, major vs. no bleeding event, minor vs. no bleeding

event). Multivariable linear regression was used to adjust costs

for in-hospital coronary artery bypass grafting, multivessel PCI,

previous heart failure, acute coronary syndromes (ACS) on

presentation, and peak creatine kinase-MB >3 times the upper

limit of normal. All comparisons were two-tailed, with a P value

<0.05 indicating statistical significance. All analyses were

performed using SAS version 9.2 (SAS Institute, Cary, NC, USA).

Results
Baseline characteristics of patients receiving bivalirudin vs. usual

care are shown in Table 1. Patients who did not receive bivalirudin

were more likely to be male, present with renal failure, and undergo

PCI for non-ST-elevation MI indications. Upstream heparin was

used in 15 (3.0%) patients who were transitioned to bivalirudin in

the catheterisation laboratory. No patients received low molecular

weight heparin. There were no differences between patients

receiving bivalirudin vs. usual care in post-PCI complications

including periprocedural MI, cardiogenic shock, cardiac

tamponade, emergent PCI, emergent/urgent coronary artery bypass

grafting, and in-hospital mortality (Table 2).

Overall, bleeding occurred in 356 (26.1%) patients and was

classified as major in 32 (2.3%) and minor in 324 (23.8%). Among

patients with major bleeding events, 17 (53%) were at access site

and 15 (47%) were at non-access sites. Patients with major

bleeding events had significantly longer hospital stays compared

with patients with minor bleeding events and no bleeding events

(5.0±3.2 days vs. 1.7±1.7 days and 1.6±1.6 days, respectively,

P<0.001).

Figure 1 compares rates of bleeding (any, major, and minor) for the

overall cohort by use of usual care vs. bivalirudin (Figure 1A) and for

subgroups according to the use of GP IIb/IIIa inhibitor (Figure 1B),

and vascular closure devices (Figures 1C and 1D). Overall

(N=1,364), bivalirudin was associated with a statistically significant

56% reduction in any bleeding event (OR 0.44, 95% CI 0.34-0.59,

P<0.001) (Figure 2). In patients who did not receive GP IIb/IIIa

inhibitor (N=1,180), 687 (58%) received heparin and 493 (42%)

received bivalirudin. Among these patients, bivalirudin reduced

Table 1. Baseline population characteristics.

Usual care Bivalirudin P-value
(N=861) (N=503)

Clinical characteristics
Age (yrs) 64.4±12.6 65.4±11.4 0.14
Male gender 584 (67.8) 306 (60.8) 0.009
Body mass index 30.0±6.2 30.5±7.0 0.17
Diabetes mellitus 317 (36.8) 180 (35.8) 0.70
Hypertension 733 (85.1) 431 (85.7) 0.78
Current smoker 230 (26.7) 128 (25.4) 0.77
History of heart failure 99 (11.5) 59 (11.7) 0.90
Creatinine >2.0 mg/dL 56 (6.5) 18 (3.6) 0.02
Peripheral arterial disease 128 (14.9) 89 (17.7) 0.17
Previous myocardial infarction 345 (40.1) 179 (35.6) 0.10
Previous PCI 390 (45.3) 231 (45.9) 0.82
Previous coronary artery 
bypass grafting 178 (20.7) 113 (22.5) 0.44
Symptoms at presentation <0.001
Atypical angina 5 (0.6) 5 (1.0)
Silent ischaemia 156 (18.1) 113 (22.5)
Stable angina 96 (11.1) 100 (19.9)
Unstable angina 338 (39.3) 238 (47.3)
Non-ST-elevation MI 266 (30.9) 47 (9.3)

Angiographic/procedural characteristics
Vascular sheath size 0.14

6 Fr 378 (47.0) 217 (47.2)
7 Fr 16 (2.0) 5 (1.1)
8 Fr 400 (49.8) 238 (51.7)
≥9 Fr 8 (1.2) 0 (0)

Multivessel PCI 168 (19.5) 141 (28.0) <0.001
Target vessel

LM 21 (2.4) 15 (3.0) 0.55
LAD 382 (44.4) 232 (46.1) 0.53
LCX 234 (27.2) 156 (31.0) 0.13
RCA 338 (39.3) 191 (38.0) 0.64
SVG 72 (8.4) 45 (8.9) 0.71

Vascular closure device 514 (59.7) 275 (54.7) 0.07
Intra-aortic balloon pump 15 (1.7) 4 (0.8) 0.15

Anticoagulation/antiplatelet regimen
Eptifibatide 174 (20.2) 10 (2.0) <0.001
Heparin 823 (95.6) 15 (3.0) <0.001
Aspirin at discharge 835 (97.0) 491 (97.6) 0.49
Thienopyridine at discharge 730 (99.0)* 454 (99.0)¶ 0.72
Clopidogrel on admission 825 (95.8) 482 (95.8) 0.99
Clopidogrel at discharge 807 (93.7) 485 (96.4) 0.03

Data are mean±standard deviation or percent; *Stent cohort only (N=738);
¶Stent cohort only (N=458); PCI: percutaneous coronary intervention; LM:
left main coronary artery; LAD: left anterior descending coronary artery; LCX:
left circumflex coronary artery; RCA: right coronary artery; SVG: saphenous
vein graft
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overall risk of composite bleeding by an unadjusted 55% (OR 0.45,

95% CI 0.33-0.60, P<0.001), including a significant reduction in

minor bleeding and a trend toward lower rates of major bleeding

events (Figure 1B).

Among all patients, 789 (57.8%) received a closure device

(Perclose: n=286 [36.2%]; Angio-Seal: n=491 [62.2%]; other:

n=12 [1.5%]). Closure device use was associated with an increase

in overall bleeding (32.2% vs. 17.7%, P<0.001). While there was

a decrease in major bleeding (1.4% vs. 3.7%, P=0.007), there was

a significant increase in the rate of minor bleeding (30.8% vs.

14.1%, P<0.0001) in patients receiving a closure device. Use of

bivalirudin (n=275) vs. non-use (n=514) in the closure device

cohort was associated with a significant reduction in overall

bleeding events (OR 0.39, 95% CI 0.27-0.56, P<0.001), which

was driven by a statistically significant reduction in minor bleeding

events and a non-significant reduction in major bleeding

(Figure 1C). In patients not treated with a closure device (n=575),

bivalirudin use (n=228) was associated with significantly lower

rates of overall bleeding (OR 0.60, 95% CI 0.38-0.95, P<0.001),

driven by a significant reduction in major bleeds (Figure 1D).

Results from unadjusted, multivariable adjusted, and propensity

matched logistic regression analyses examining the impact of

bivalirudin on the risk of bleeding events are shown in Figure 2. The

estimated reduction in the risk of bleeding associated with the use of

bivalirudin was similar in magnitude and significance for each analysis.

Table 2. Periprocedural outcomes.

Usual care Bivalirudin P-value
(N=861) (N=503)

In-hospital mortality 4 (0.5) 0 0.30
Periprocedural MI 64 (7.4) 38 (7.6) 0.93
Cardiogenic shock 2 (0.2) 1 (0.2) 0.99
Cardiac tamponade 0 1 (0.2) 0.37
Thrombocytopenia 1 (0.1) 0 0.99
Renal failure 17 (2.0) 4 (0.8) 0.08
Pseudoaneurysm 6 (0.7) 3 (0.6) 0.99
CABG 0.47

Elective 1 (0.1) 0
Urgent 4 (0.5) 0
Other 2 (0.2) 1 (0.2)

Emergent PCI 0 0 N/A

MI: myocardial infarction; CABG: coronary artery bypass grafting;
PCI: percutaneous coronary intervention

Figure 1. Major, minor, and composite rates of bleeding by bivalirudin
use in (A) all patients and patient subgroups according to use of (B)
heparin without a glycoprotein IIb/IIIa inhibitor, (C) use, and (D) non-
use of a vascular closure device. *Bivalirudin monotherapy was
administered to 493 patients. VCD: vascular closure device
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In-hospital costs
Incremental costs and cost offsets associated with the use of

bivalirudin ($1,063 per patient) and the incremental costs associated

with major and minor bleeding events are presented in Figure 3.

Bivalirudin was associated with total hospitalisation costs that were

$463 (95% CI 1,595 less to 621 more) lower than usual care. This

was driven by a significant cost savings of $1,172 (95% CI 1814 less

to 566 less) in post-PCI care but was partially offset by $630 (95% CI

554 more to 702 more) in greater costs to acquire bivalirudin

(Figure 3A). Major bleeding events were associated with $11,266

(95% CI 5,961 more to 17,476 more) in excess hospital costs before

adjustment, largely due to an increase of $9,700 (95% CI 5,927 more

to 13,740 more) in post-PCI costs (Figure 3B). Major bleeding events

were associated with significantly higher total hospital costs both

before and after adjustment for in-hospital coronary artery bypass

grafting, ACS, previous heart failure, multivessel PCI, and CK-MB >3

times the upper limit of normal. The increase in hospital costs

associated with minor bleeding was not significant (Figure 3C).

Bleeding events and costs associated with the use of vascular closure

devices with or without bivalirudin are presented in Table 3.

Treatment by bleeding risk
In an exploratory analysis, we used a published model that

estimates bleeding risk rates20 to evaluate the efficacy of bivalirudin

and closure device use in patients at highest risk for bleeding. There

were 323 patients classified as high risk (expected rate of bleeding

>3%). The overall rate of major bleeding was 5.0% in this group;

the highest rate was observed in patients receiving standard of care

(Figure 4A). Compared with no treatment, the use of bivalirudin,

vascular closure devices, or both was associated with a statistically

significant reduction in major bleeding (P=0.02). A similar

exploratory cost analysis of bivalirudin usage by bleeding risk is

shown in Figure 4B.

Figure 3. Unadjusted differences in total hospitalisation costs by (A)
bivalirudin use, (B) major bleeding events, and (C) minor bleeding
events. Drug, laboratory, and post-procedural cost categories were
used to calculate totals. Statistical significance of cost differences
derived from bootstrap re-sampling (1,000 replicates). Lab:
catheterisation laboratory costs
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Table 3. Bleeding events and costs in patients receiving vascular
closure devices with or without bivalirudin.

Vascular closure Bivalirudin+vascular P-value
device closure device

(N=514) (N=275)

Bleeding
Major 9 (1.8) 2 (0.7) 0.35
Minor 189 (36.8) 54 (19.6) <0.001
Major + minor 198 (38.5) 56 (20.4) <0.001

Costs (US $)
Drug 452.5±810.6 1110.9±587.6 <0.001
Lab 6177.2±6643.5 5746.1±5670.1 0.36
Post-PCI 12107.1±5995.7 11085.2±5364.9 0.02
Total 18736.9±10442.3 17942.3±9446.5 0.29

Data are presented as number (%) or mean±standard deviation US dollars
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Discussion
In this study, bivalirudin use was associated with a significant

reduction in post-PCI bleeding in the overall cohort, as well as in

a large cohort receiving heparin monotherapy, which is an under-

represented group in clinical trials. Vascular closure device use was

associated with reduced major and increased minor bleeding rates.

In vascular closure device patients bivalirudin was associated with

lower rates of minor bleeding compared with the usual care group.

In patients not treated with vascular closure devices, bivalirudin use

was associated with a statistically significant reduction in major

bleeding compared with the usual care group and a non-significant

reduction in minor bleeding. Finally, the combination of bivalirudin

and a closure device may be particularly efficacious in patients at

heightened risk for bleeding as determined by a clinically applicable

risk prediction algorithm.

In the United States, nearly one million individuals undergo PCI

procedures annually22. Although the safety of PCI has improved in

terms of low rates of in-hospital mortality, acute vessel closure, and

need for repeat urgent revascularisation, bleeding rates vary

considerably both across PCI centres and by clinical

syndromes3,5,23. Bleeding is also morbid and costly. Major bleeding

events result in a three to four day increase in length of stay7, in turn

increasing hospitalisation costs by $6,000-8,0009. Bleeding is

strongly associated with early and late mortality4,24, non-fatal MI,

stroke, and need for blood transfusions5. Importantly, in ACS

patients, major bleeding is associated with a prolonged excess risk

of mortality over one year after the index procedure, and death

attributable to major bleeding events is similar to that related to non-

fatal MI25.

According to the Agency for Healthcare Research and Quality

Healthcare Cost and Utilisation Project (HCUP), a database of

community hospitals in the United States, (http://www.ahrq.gov/

data/hcup/datahcup.htm) one-half of all PCI-related bleeding

events require blood transfusions, translating into 1.7% of 830,000

PCI procedures in 2006. In HCUP data, PCI-related bleeding with

blood transfusion was associated with greater median length of stay

(2.0 vs. 6.0 days) and mean hospital charges ($48,000 vs.

$85,000), resulting in approximately $1 billion in excess healthcare

expenditures for PCI-related blood transfusions. Patients requiring

blood products are 50% less likely to be discharged directly to

home and require additional medical services including nursing

home, skilled nursing facilities, rehabilitation services, and home

health care23,26. Our results are consistent with the ACUITY

investigators who have shown bivalirudin to be associated with

greater savings in costs of hospitalisation due to avoidance of major

and minor bleeding events9. We believe bleeding and its associated

morbidities are a valid target of therapy. Avoidance of bleeding

events addresses two important aspects of health care delivery: cost

reduction and improvement in PCI quality.

Data establishing reductions in access site bleeding associated with

the use of vascular closure devices are heterogeneous and mostly

from non-randomised studies. The few randomised controlled trials

are limited methodologically and were designed to assess the

relationship between closure devices and ambulation time rather

than bleeding. A meta-analysis of 30 clinical studies including

4,000 patients showed a trend for reduced vascular complications

associated with the Angio-Seal device (OR 0.46, 95% CI 0.20-1.04,

P=0.06)27. However, the lack of systematic ascertainment of both

major and minor bleeding limits prior study results. Data from a

recent prospective registry demonstrated vascular closure devices

to be associated with a 42% reduction in vascular complications

following PCI, which persisted following multivariable and

propensity analyses and was driven in part by reductions in

bleeding and haematoma28. In the present study, vascular closure

devices were associated with a significant reduction in major bleeding

(1.4% vs. 3.7%, P=0.007) but an increase in minor bleeding

compared with manual pressure (30.8% vs. 14.1%, P<0.0001).

Prior data are also limited comparing heparin monotherapy with

bivalirudin. ISAR-REACT 3 investigators randomised over 4,000

elective PCI patients to bivalirudin or heparin, of which 0.2% in

each arm also received GP IIb/IIIa inhibitors17. There was no

reduction in the composite endpoint of death, MI, or urgent

revascularisation associated with bivalirudin, although there was a

reduction in major bleeding (3.1% vs. 4.6%, P=0.008). While it is

difficult to compare our bleeding rates to those reported by others

due to heterogeneity in bleeding definitions, the present data also

suggest that reductions in bleeding can be expected with bivalirudin

compared with heparin monotherapy. Therefore these findings are

generalisable to PCI practices with lower rates of GP IIa/IIIb inhibitor use.

Future applicability
To our knowledge, there are no data evaluating the efficacy of

bivalirudin and vascular closure devices in patients at high risk for

bleeding. Using data from the NCDR, we previously developed and

validated a model to estimate risk of bleeding20. From a set of

multivariable predictors of bleeding, this model was simplified into a

clinically useful algorithm consisting of the 10 most significant

covariates. This model identifies three risk categories of bleeding

(<1.0%, 1.0-3.0%, and >3.0%)20. In the present study, vascular

closure devices and bivalirudin were both associated with

substantial reductions in observed bleeding rates among patients at

high risk for bleeding calculated using this risk algorithm. Although

exploratory, these findings suggest bleeding avoidance therapies

may exert differential effects based on patient risk for PCI-related

bleeding. Future comparative effectiveness work should focus on

determining the potential to target these expensive therapies to

patients most likely to benefit.

Limitations
The present study was an observational design rather than a

randomised trial, thus selection bias likely exists. As shown in

Table 1, pre-selection to heparin was seen in the non-ST-elevation

MI cohort, as administration of upstream heparin with provisional

GP IIb/IIIa receptor antagonists is consistent with our institutional

practice. However, other measured covariables were reasonably

balanced. It is also noteworthy that following propensity matching

the point estimate favouring bivalirudin for bleeding reduction was

nearly equivalent to the unadjusted point estimate. Since patients

with ST-elevation MI were excluded from the present study, these

findings cannot be extended to this patient subset. Economic
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outcomes were not the primary endpoints, therefore reported cost

effectiveness comparisons are likely underpowered to draw any

definite conclusions and require confirmation in a larger study.

Since the present study consisted of only patients undergoing

femoral access PCI, our findings may not be generalisable to centres

performing a majority of procedures via radial access. It should be

noted, however, that femoral access is the dominant PCI strategy in

the United States. Lastly, the associations between vascular closure

devices and major and minor bleeding as well as the large effect of

combined use of bivalirudin and vascular closure devices on

reductions in major bleeding events in high risk patients should be

considered exploratory. These treatment effects will be evaluated in

a future large-scale comparative effectiveness study.

Conclusions
In a consecutive PCI population, bivalirudin was associated with

significantly lower major and minor bleeding rates and similar total

hospital costs compared with patients receiving other anticoagulation

regimens. Restricted to patients receiving heparin monotherapy,

bivalirudin was also associated with reduced bleeding rates.

Acknowledgements
We thank Jose Aceituno and Joseph Murphy for publication assistance.

References
1. Rao SV, O’Grady K, Pieper KS, Granger CB, Newby LK, Mahaffey KW,

Moliterno DJ, Lincoff AM, Armstrong PW, Van de Werf F, Califf RM,
Harrington RA. A comparison of the clinical impact of bleeding measured
by two different classifications among patients with acute coronary syn-
dromes. J Am Coll Cardiol. 2006;47:809-816.

2. Rao SV, Jollis JG, Harrington RA, Granger CB, Newby LK,
Armstrong PW, Moliterno DJ, Lindblad L, Pieper K, Topol EJ, Stamler JS,
Califf RM. Relationship of blood transfusion and clinical outcomes in
patients with acute coronary syndromes. JAMA 2004;292:1555-1562.

3. Feit F, Voeltz MD, Attubato MJ, Lincoff AM, Chew DP, Bittl JA, Topol EJ,
Manoukian SV. Predictors and impact of major hemorrhage on mortality
following percutaneous coronary intervention from the REPLACE-2 Trial.
Am J Cardiol 2007;100:1364-1369.

4. Manoukian SV, Feit F, Mehran R, Voeltz MD, Ebrahimi R, Hamon M,
Dangas GD, Lincoff AM, White HD, Moses JW, King SB, 3rd, Ohman EM,
Stone GW. Impact of major bleeding on 30-day mortality and clinical out-
comes in patients with acute coronary syndromes: an analysis from the
ACUITY Trial. J Am Coll Cardiol. 2007;49:1362-1368.

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

6. Moscucci M, Fox KA, Cannon CP, Klein W, Lopez-Sendon J,
Montalescot G, White K, Goldberg RJ. Predictors of major bleeding in
acute coronary syndromes: the Global Registry of Acute Coronary Events
(GRACE). Eur Heart J. 2003;24:1815-1823.

7. Aronow HD, Peyser PA, Eagle KA, Bates ER, Werns SW, Russman PL,
Crum MA, Harris K, Moscucci M. Predictors of length of stay after coro-
nary stenting. Am Heart J. 2001;142:799-805.

8. Cohen DJ, Lincoff AM, Lavelle TA, Chen HL, Bakhai A, Berezin RH,
Jackman D, Sarembock IJ, Topol EJ. Economic evaluation of bivalirudin
with provisional glycoprotein IIB/IIIA inhibition versus heparin with routine
glycoprotein IIB/IIIA inhibition for percutaneous coronary intervention:
results from the REPLACE-2 trial. J Am Coll Cardiol. 2004;44:1792-1800.

9. Pinto DS, Stone GW, Shi C, Dunn ES, Reynolds MR, York M,
Walczak J, Berezin RH, Mehran R, McLaurin BT, Cox DA, Ohman EM,
Lincoff AM, Cohen DJ. Economic evaluation of bivalirudin with or without
glycoprotein IIb/IIIa inhibition versus heparin with routine glycoprotein
IIb/IIIa inhibition for early invasive management of acute coronary syn-
dromes. J Am Coll Cardiol. 2008;52:1758-1768.

10. Randomised placebo-controlled trial of abciximab before and dur-
ing coronary intervention in refractory unstable angina: the CAPTURE
Study. Lancet 1997;349:1429-1435.

11. Inhibition of platelet glycoprotein IIb/IIIa with eptifibatide in patients
with acute coronary syndromes. The PURSUIT Trial Investigators. Platelet
Glycoprotein IIb/IIIa in Unstable Angina: Receptor Suppression Using
Integrilin Therapy. N Engl J Med. 1998;339:436-443.

12. 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.

13. 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.

14. Rajagopal V, Lincoff AM, Cohen DJ, Gurm HS, Hu T, Desmet WJ,
Kleiman NS, Bittl JA, Feit F, Topol EJ. Outcomes of patients with acute
coronary syndromes who are treated with bivalirudin during percutaneous
coronary intervention: an analysis from the Randomized Evaluation in PCI
Linking Angiomax to Reduced Clinical Events (REPLACE-2) trial. Am
Heart J. 2006;152:149-154.

15. White HD, Ohman EM, Lincoff AM, Bertrand ME, Colombo A,
McLaurin BT, Cox DA, Pocock SJ, Ware JA, Manoukian SV, Lansky AJ,
Mehran R, Moses JW, Stone GW. Safety and efficacy of bivalirudin with
and without glycoprotein IIb/IIIa inhibitors in patients with acute coronary
syndromes undergoing percutaneous coronary intervention 1-year results
from the ACUITY (Acute Catheterization and Urgent Intervention Triage
strategY) trial. J Am Coll Cardiol. 2008;52:807-814.

16. Lincoff AM, Bittl JA, Harrington RA, Feit F, Kleiman NS, Jackman JD,
Sarembock IJ, 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/IIIa
blockade compared with heparin and planned glycoprotein IIb/IIIa block-
ade during percutaneous coronary intervention: REPLACE-2 randomized
trial. JAMA. 2003;289:853-863.

17. 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 percuta-
neous coronary intervention. N Engl J Med. 2008;359:688-696.

18. Stone GW, White HD, Ohman EM, Bertrand ME, Lincoff AM,
McLaurin BT, Cox DA, Pocock SJ, Ware JH, Feit F, Colombo A,
Manoukian SV, Lansky AJ, Mehran R, Moses JW. Bivalirudin in patients
with acute coronary syndromes undergoing percutaneous coronary inter-
vention: a subgroup analysis from the Acute Catheterization and Urgent
Intervention Triage strategy (ACUITY) trial. Lancet 2007;369:907-919.

07_20100108_01_Lindsey_AOPmay_OK  09/06/10  08:54  Page212



- 213 -

Clinical research

19. Miller FG, Emanuel EJ. Quality-improvement research and informed
consent. N Engl J Med. 2008;358:765-767.

20. Mehta SK, Frutkin AD, Lindsey JB, House JA, Spertus JA, Rao SV,
Ou FS, Roe MT, Peterson ED, Marso SP. Bleeding in Patients Undergoing
Percutaneous Coronary Intervention: The Development of a Clinical Risk
Algorithm from the National Cardiovascular Data Registry. Circ Cardiovasc
Intervent 2009;2:222-229.

21. DiCiccio TJ, Efron B. Bootstrap Confidence Intervals. Stat Sci
1996;11:189-228.

22. Lloyd-Jones D, Adams R, Carnethon M, De Simone G, Ferguson TB,
Flegal K, Ford E, Furie K, Go A, Greenlund K, Haase N, Hailpern S, Ho M,
Howard V, Kissela B, Kittner S, Lackland D, Lisabeth L, Marelli A, McDermott
M, Meigs J, Mozaffarian D, Nichol G, O’Donnell C, Roger V, Rosamond W,
Sacco R, Sorlie P, Stafford R, Steinberger J, Thom T, Wasserthiel-Smoller S,
Wong N, Wylie-Rosett J, Hong Y. Heart disease and stroke statistics—2009
update: a report from the American Heart Association Statistics Committee
and Stroke Statistics Subcommittee. Circulation 2009;119:480-486.

23. Kinnaird TD, Stabile E, Mintz GS, Lee CW, Canos DA, Gevorkian N,
Pinnow EE, Kent KM, Pichard AD, Satler LF, Weissman NJ, Lindsay J,
Fuchs S. Incidence, predictors, and prognostic implications of bleeding
and blood transfusion following percutaneous coronary interventions. Am
J Cardiol 2003;92:930-935.

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

25. Mehran R, Pocock SJ, Stone GW, Clayton TC, Dangas GD, Feit F,
Manoukian SV, Nikolsky E, Lansky AJ, Kirtane A, White HD, Colombo A,
Ware JH, Moses JW, Ohman EM. Associations of major bleeding and
myocardial infarction with the incidence and timing of mortality in
patients presenting with non-ST-elevation acute coronary syndromes:
a risk model from the ACUITY trial. Eur Heart J. 2009;30:1457-1466.

26. Yatskar L, Selzer F, Feit F, Cohen HA, Jacobs AK, Williams DO,
Slater J. Access site hematoma requiring blood transfusion predicts mor-
tality in patients undergoing percutaneous coronary intervention: data
from the National Heart, Lung, and Blood Institute Dynamic Registry.
Catheter Cardiovasc Interv 2007;69:961-966.

27. Koreny M, Riedmuller E, Nikfardjam M, Siostrzonek P, Mullner M.
Arterial puncture closing devices compared with standard manual com-
pression after cardiac catheterization: systematic review and meta-analy-
sis. JAMA. 2004;291:350-357.

28. Arora N, Matheny ME, Sepke C, Resnic FS. A propensity analysis
of the risk of vascular complications after cardiac catheterization proce-
dures with the use of vascular closure devices. Am Heart J.
2007;153:606-611.

07_20100108_01_Lindsey_AOPmay_OK  09/06/10  08:54  Page213


