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Abstract
Aim: Dual-antiplatelet therapy with aspirin and a thienopyridine is
a cornerstone of treatment to prevent thrombotic complications of
acute coronary syndromes and percutaneous coronary intervention.
We studied the long term efficacy of prasugrel compared
with clopidogrel loading in patients undergoing percutaneous
coronary intervention (PCI), electively or emergently, who were
anticoagulated with bivalirudin during the procedure.
Methods and Results: This retrospective cohort study included
296 patients (153 prasugrel and 143 clopidogrel) who underwent
PCI at our institution from January 2009-December 2012. Time to
stroke, non-fatal MI, PCI, CABG, or death (MACE) was assessed
in all patients. The mean follow-up was 1198 days (1284 ± 599
days for clopidogrel patients vs. 1119 ± 423 days for prasugrel
patients), first MACE occurred in 26 (18.2%) clopidogrel patients vs 17
(11.1%) prasugrel patients (p=0.085). The propensity-adjusted (for key
clinical and non-clinical risk factors) Cox model showed no significant
difference to time to the first MACE event (Hazard ratio for clopidogrel
versus prasugrel [HR]=1.06; 95% confidence interval [CI]: 0.54 to
2.04; p=0.860). Likewise the conditional survival model revealed no
differences between clopidogrel patients and prasugrel patients in
terms of repeated MACE or repeated MI (Repeated MACE: HR=1.37;
95%CI: 0.74, 2.52 and Repeated MI: HR=1.32; 95%CI: 0.71, 2.45).
Conclusion: On the long term, there were no significant differences
in MACE between patients anticoagulated with bivalirudin and
given either clopidogrel or prasugrel during PCI.
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Introduction
Between 2009 and 2014, the Food and Drug Administration
approved 6 new anticoagulant or antithrombotic drugs [1]. While this
represents valuable innovation in a clinically important area of care,
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it creates a need for the comparative effectiveness evidence showing
which drugs – and which combinations of drugs – lead to optimal
outcomes, in which patient population, to enable informed decisionmaking at the point of care. Current clinical practice guidelines for
percutaneous coronary intervention (PCI) with stenting include
dual antiplatelet therapy with aspirin plus a loading dose of a P2Y12
receptor inhibitor (clopidogrel, prasugrel, or ticagrelor), as well as
an anticoagulant, either unfractionated heparin (with a glycoprotein
IIb/IIIa inhibitor in the case of patients undergoing primary PCI for
an ST-elevation myocardial infarction and other patients with high
risk features) or bivalirudin [2]. In 2003/2004, the REPLACE-2 trial
demonstrated that bivalirudin with provisional administration of
a glycoprotein IIb/IIIa inhibitor produced non-inferior outcomes
compared to heparin plus routine administration of a glycoprotein
IIb/IIIa inhibitor and carried a reduced risk of major bleeding [3,4].
Use of bivalirudin in clinical practice steadily increased, and was
reported to be the anticoagulant of choice in almost 40% of PCI
procedures as early as 2006 [5].
Novel antiplatelet drugs, such as prasugrel, have been tested in
study samples in which the majority of patients received heparin and
a glycoprotein IIb/IIIa inhibitor [6]. Especially given evidence that
bivalirudin has a significantly different impact on platelet aggregation
than unfractionated heparin [7,8], this leaves important questions,
about the relative safety and efficacy of the different antiplatelet
therapies in the context of bivalirudin use, unanswered. Other
important questions for which evidence remains sparse or lacking,
include the safety and efficacy of prasugrel in patients undergoing
elective PCI [2], and the long-term outcomes of patients undergoing
PCI treated with the different P2Y12 receptor inhibitors. To help
address these gaps, we report long-term safety and effectiveness
outcomes for prasugrel vs. clopidogrel among patients who
underwent PCI, for various indications, and received bivalirudin
during the procedure.

Methods
The study cohort included 296 patients who underwent PCI at
Baylor University Medical Center (Dallas, TX) between January 2009
and December 2012. Clinical, non-clinical, and procedural data were
collected by utilizing the Cath PCI registry (http://cvquality.acc.org/
en/NCDR-Home/Registries/Hospital-Registries.aspx) and the Baylor
University Medical Center institutional database. Time (in days) to
a major adverse event (stroke, non-fatal MI, PCI, CABG, or death)
(MACE) or last follow-up (12/31/2014) was assessed for all patients
from date of surgery or intervention by using data from the DallasFort Worth Hospital Council (DFWHC) regional database –a hospital
trade association, with 75 member institutions (>140 hospitals). This
study was approved by the Baylor Research Institute IRB.
The study cohort was described by computing means, standard
deviations (SDs), and percentages while differences in demographic
and clinical details were tested with a Wilcoxon (for continuous
factors) or a chi-square (for categorical factors) test. A Bonferroni
correction was employed to account for multiplicity.
A propensity-adjusted Cox proportional hazards model was
developed to assess the association between patients’ medical
management (clopidogrel vs prasugrel) and first MACE. The
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propensity model, which we have described previously [9], was
developed using recognized clinical and non-clinical risk factors [10]
(Table 1) in a logistic regression model with medication management
as the outcome and the risk factors as covariates. Multiple imputations
using Markov Chain Monte Carlo simulation was used to address
missing data (creatinine 22.7%, renal failure 14.5%, and smoking
history 10.5%). The propensity score was then fitted as a 5-knot
restricted cubic spline [11] in the Cox model, along with medication
type, to model time to MACE.
Additionally, repeated MACE and repeated MI were modeled
separately using conditional, propensity-adjusted Cox models to
test whether repeated MACE or MI events were associated with
medication type –this survival model employed Prentice, Williams,
and Peterson correction for the condition that a patient cannot be
considered at risk for a second (third and so on) event unless they
have already experienced the previous one [12]. In all models all
continuous variables were fitted using restricted cubic splines with
5 knots [11,13].

Results
Nearly all baseline demographic and clinical characteristics were
similar between the clopidogrel (n=143) and prasugrel (n=153) study
groups (Table 1), although patients in the clopidogrel group had
slightly greater pre-existing renal failure (8.7% vs. 1.3%; p=0.07).
Procedural characteristics by medication are presented in Table 2.
The mean follow-up was 1198 days (1284 ± 599 days for
clopidogrel patients vs. 1119 ± 423 days for prasugrel patients,
p=0.126), first MACE occurred in 26 (18.2%) clopidogrel patients
vs. 17 (11.1%) prasugrel patients (p=0.085). The propensity-adjusted
Cox model showed no significant difference to time to the first MACE
event (Hazard ratio for clopidogrel versus prasugrel [HR]=1.06; 95%
confidence interval [CI]: 0.54 to 2.04; p=0.860).

Other observational studies have compared clopidogrel and
prasugrel in context of bivalirudin as the procedural anticoagulant.
Laynez et al reported the results of 692 patients with acute coronary
syndrome undergoing PCI with stent implantation, 96 received
prasugrel either during or just after PCI. There was no significant
difference in in-hospital bleeding and ischemic events, nor any
significant difference in ischemic events at 30 days. The study
did not report any risk adjusted comparisons. Also, only 56.4%
of the patients who received prasugrel were discharged with this
among their prescription medications; the others were switched to
clopidogrel [15]. Diaz et al. reported the results of 168 consecutive
STEMI patients treated by primary angioplasty and receiving
bivalirudin + either clopidogrel or prasugrel, and compared safety
and efficacy outcomes in 70 propensity-matched pairs. There were
no mortalities or major bleeding episodes in either group at 30
days, but higher rate of acute and sub-acute thrombosis in the
clopidogrel group which approached statistical significance (4.3%
vs. 0%, p=0.08). The total number of events i.e. stroke, thrombosis,
reinfarction within 30 days, death within 30 days, hematomas and
transfusion, were significantly higher in clopidogrel group (5.7%
vs. 0%, p=0.042) [16].
The Swedish Coronary Angiography and Angioplast Registry,
compared patients (with or without ACS) who underwent PCI and
were treated with prasugrel for maintenance therapy -with or without
clopidogrel loading dose- (n=2,142) or clopidogrel (n=23,994). In
patients with ACS, there was lower 30 day mortality, as well as, lower
in-hospital bleeding in the prasugrel group. In elective patients, there
Table 1: STS risk factors and patient characteristics.
Characteristic

Clopidogrel
Prasugrel (n=153,
p-value
(n=143, 48.3%) 51.7%)

Age, years

65.9 ± 11.8

63.2 ± 10.5

0.67

Body mass index, kg/m2

29.1 ± 5.5

30.0 ± 6.7

>0.99

Female gender

33.1%

28.3%

>0.99

74.7%

78.3%

10.6%

11.2%

7.8%

9.2%

7.0%

1.3%

Diabetes mellitus

The results of the conditional analyses of repeated MACE events
and repeated MI are presented in Table 3. Of note, the unadjusted
analyses indicated a greater number of total MACE events and total MI
events in the clopidogrel group versus the prasugrel group. However,
when adjusted for key case-mix risk factors, these differences were
not statistically significant (Repeated MACE: HR=1.37; 95%CI:
0.74, 2.52; p=0.377 and Repeated MI: HR=1.32; 95%CI: 0.71, 2.45;
p=0.377) (Table 3).

Race

32.4%

32.9%

>0.99

Renal failure

8.7

1.3

0.07

Discussion

Creatinine, mg/dL

1.5 ± 1.9

1.2 ± 0.8

>0.99

Hypertension

81.0%

82.7%

>0.99

The TRial to Assess Improvement in Therapeutic Outcomes
by Optimizing Platelet InhibitioN with Prasugrel Thrombolysis in
Myocardial Infarction (TRITON-TIMI 38) clinical trial enrolled
13,608 moderate-to-high-risk patients with ACS (with or without STsegment elevation) undergoing percutaneus coronary intervention.
Patients were randomized to compare prasugrel with clopidogrel
with a median follow-up time of 14.5 months. Prasugrel use was
associated with fewer ischemic events as well as urgent target vessel
revascularization than was clopidogrel. Prasugrel use was, however,
associated with a small, but statistically significant, increased risk of
major bleeding. The decrease in ischemic events occurred both in the
first 3 days post-PCI and from 3 days post-PCI to the study end while
the excess major bleeding observed was predominantly during the
maintenance phase [14]. Of note that TRITON-TIMI 38 was limited
to patients with acute coronary syndrome undergoing PCI. Only 3%
of each study arm received bivalirudin [6].

Peripheral vascular disease

17.6%

10.0%

>0.99

Cerebrovascular disease

11.3%

4.7%

0.62

Current smoker

23.5%

30.7%

>0.99

Congestive Heart Failure

12.7%

19.1%

>0.99

Previous PCI

31.0%

25.7%

>0.99

Previous CABG

17.6%

15.1%

>0.99

Previous MI

21.1%

21.7%

>0.99

Stable or unstable angina

62.2%

71.2%

>0.99

63.4%

69.3%

27.5%

25.3%

9.2%

5.3%
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White
Black
Hispanic
Other/Unknown

Operative Status
Elective
Urgent
Emergency

>0.99

>0.99

Abbreviations: STS=Society of Thoracic Surgeons; PCI=percutaneous coronary
intervention; CABG=coronary artery bypass grafting; MI=myocardial infarction;
1

p-values using Bonferroni correction
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Table 2: Procedural characteristics.
Characteristic

Clopidogrel
Prasugrel (n=153,
p-value
(n=143, 48.3%) 51.7%)

Target coronary vessel

aggregation, over and above that achieved with 600 mg clopidogrel
loading dose, which unfractionated heparin does not [8].
Prasugrel achieves greater and more rapid platelet inhibition
than clopidogrel, likely because of more efficient generation of the
active metabolite [18]. The Prasugrel in Comparison to Clopidogrel
for Inhibition of Platelet Activation and Aggregation—Thrombolysis
in Myocardial Infarction44 (PRINCIPLE-TIMI 44) trial found that in
patients undergoing elective PCI, prasugrel achieved greater platelet
inhibition than did clopidogrel after a loading dose and during
maintenance treatment [19]. Also, genetic difference impacts the
efficacy of clopidogrel. Carriers of the CYP2C19 allele receive a 32.4
percentage point lower exposure to the active metabolite than people
without this allele. The results for this subgroup in TRITON-TIMI
38 showed a similar, or slightly greater, lowering in the endpoint of
cardiovascular death, MI and stroke, and in stent thrombosis with
prasugrel as in the overall study population [20].

Left main

5 (3.5%)

4 (2.6%)

0.659

Left anterior descending

67 (46.9%)

68 (44.4%)

0.678

Left circumflex

45 (31.5%)

22 (14.4%)

<0.001

Right

62 (43.4%)

46 (30.1%)

0.018

Saphenous vein graft

15 (10.5%)

8 (5.2%)

0.091

Glycoprotein IIb/IIa inhibitor

6 (4.2%)

4 (2.6%)

0.214

Type A or B1/B2 lesion

103 (72.0%)

87 (56.9%)

0.007

Type C lesion

40 (28.0%)

66 (43.1%)

0.036

Drug-eluting stent

111 (77.6%)

133 (86.9%)

0.009

Bare metal stent

27 (18.9%)

13 (8.5%)

The ACCF/AHA/SCAI guidelines recommend 600 mg loading
dose but do not specify the timing [2]. While the European guidelines
recommend a 3

Bleeding from entry site

0 (0%)

0 (0%)

>0.99

Access site hematoma

0 (0%)

1 (0.7%)

0.333

00 mg more than 6 hours pre-PCI, or 600 mg at least 2 hours
before PCI if that is not possible [21].

Procedural characteristic
Access radial

Complications

Discharge medications
Aspirin
Beta-blocker
Angiotensin converting
enzyme inhibitor
Angiotensin receptor blocker

139 (97.2%)

149 (97.4%)

0.923

109 (76.2%)

113 (73.9%)

0.638

70 (49.0%)

76 (49.7%)

0.901

26 (18.2%)

22 (14.4%)

0.375

Table 3: Conditional survival analysis for repeated MACE events.
Clopidogrel
(n=143, 48.3%)

Prasugrel
(n=153, 51.7%)

117 (81.8%)

136 (88.9%)

16 (11.2%)

14 (9.2%)

8 (5.6%)

3 (2.0%)

2 (1.4%)

0 (0.0%)

Total MACE events

38

20

0.027**

Total MI

36

19

0.035**

Total stroke

1

1

a

Total deaths

1

0

a

Hazard Ratio, repeated MACE

1.37 (95%CI:
0.74, 2.52)

Reference

0.319***

Hazard Ratio, repeated MI only

1.32 (95%CI:
0.71, 2.45)

Reference

0.377***

Characteristic

p-value

Number of MACE events per
patient
0
1
2
3

0.139*

However, in the daily practice, the antiplatelet drug and dose is
frequently administered a few minutes before PCI [22,23]. This allows
for diagnostic angiography before the dose is administered, to rule
out the need for CABG which carries increased risk of bleeding if
performed after loading dose [1,23]. Prasugrel achieves greater and
more rapid platelet inhibition than clopidogrel [18]. The time taken
to reach, at least, 20% inhibition of platelet aggregation is 30 minutes
for prasugrel vs. 1.5 hours for clopidogrel [24]. So, prasugrel may be
a better choice when waiting until just before PCI to administer the
antiplatelet dose.
In the present study, there were no statistically significant
differences between both groups in terms of ischemic complications
with a tendency towards more myocardial infarctions in the
clopidogrel group, which did not reach statistical significance
after adjusting for cardiovascular risk factors. Although it has
been previously established that the use of prasugrel is more costeffective than clopidogrel in patients with acute coronary syndrome
undergoing elective PCI, (10) clopidogrel is now available as a generic
and is available at a lower price.
Study Limitations: The generalizability of our results is limited
because of the observational, retrospective, single-center nature of
our study. Although the 2 groups had minor differences (Tables 1 and
2), important factors influencing the operating physician’s choice of
antiplatelet agent might not have been identified.

*Unadjusted chi-squared test; **Unadjusted repeated events Cox proportional
hazards model;

Conclusions

***Propensity-adjusted (variables in Table 1) repeated events Cox proportional
hazards model; 95%CI=95% confidence intervals

In this retrospective analysis, after a mean follow up of 40
months, there were no significant differences in the incidence of
MACE between patients’ anticoagulated with bivalirudin and given
either clopidogrel and prasugrel during PCI.

The outcomes of stroke and death contained inadequate sample sizes to perform meaningful analyses.

a

Abbreviations: MACE=Major Adverse Cardiac Event; MI=myocardial infarction

was comparable mortality but reduced in-hospital bleeding with
prasugrel. The authors concluded that these differences were probably
due to patient selection as patients treated with prasugrel generally
had lower frequency of ischemic and hemorrhagic risk factors [17].
Bivalirudin results in significant additional suppression of platelet
Volume 5 • Issue 4 • 1000271

References
1. Thind GS, Parida R, Gupta N (2014) Pharmacotherapy in the cardiac
catheterization laboratory: evolution and recent developments. Ther Clin Risk
Manag 10: 885-900.
2. Levine GN, Bates ER, Blankenship JC, Bailey SR, Bittl JA, et al. (2011) 2011
ACCF/AHA/SCAI Guideline for Percutaneous Coronary Intervention. A report

• Page 3 of 4 •

Citation: Benjamin MM, Filardo G, Pollock BD, Sass D, Schussler JM (2016) Long Term Efficacy of Prasugrel versus Clopidogrel in Patients undergoing
Percutaneous Coronary Intervention and Anticoagulated with Bivalirudin. J Cardiovasc Res 5:4.

doi:http://dx.doi.org/10.4172/2324-8602.1000271
of the American College of Cardiology Foundation/American Heart Association
Task Force on Practice Guidelines and the Society for Cardiovascular
Angiography and Interventions. J Am Coll Cardiol 58: e44-122.
3. Lincoff AM, Kleiman NS, Kereiakes DJ, Feit F, Bittl JA, et al. (2004) Long-term
efficacy of bivalirudin and provisional glycoprotein IIb/IIIa blockade vs heparin
and planned glycoprotein IIb/IIIa blockade during percutaneous coronary
revascularization: REPLACE-2 randomized trial. Jama 292: 696-703.
4. Lincoff AM, Bittl JA, Harrington RA, Feit F, Kleiman NS, et al. (2003)
Bivalirudin and provisional glycoprotein IIb/IIIa blockade compared with
heparin and planned glycoprotein IIb/IIIa blockade during percutaneous
coronary intervention: REPLACE-2 randomized trial. Jama 289: 853-863.
5. Rassen JA, Mittleman MA, Glynn RJ, Alan Brookhart M, Schneeweiss S
(2010) Safety and effectiveness of bivalirudin in routine care of patients
undergoing percutaneous coronary intervention. Eur Heart J 31: 561-572.
6. Wiviott SD, Braunwald E, McCabe CH, Montalescot G, Ruzyllo W, et al. (2007)
Prasugrel versus clopidogrel in patients with acute coronary syndromes. N
Engl J Med 357: 2001-2015.

20. Saucedo JF (2010) Balancing the benefits and risks of antiplatelet agents
in patients with non-ST-segment elevated acute coronary syndromes and
undergoing percutaneous coronary intervention. J Thromb Thrombolysis 30:
200-209.
21. Silber S, Albertsson P, Aviles FF, Camici PG, Colombo A, et al. (2005)
Guidelines for percutaneous coronary interventions. The Task Force for
Percutaneous Coronary Interventions of the European Society of Cardiology.
Eur Heart J 26: 804-847.
22. Alexopoulos D (2011) Clopidogrel pretreatment in PCI: absolute requirement
or obsolete myth? Int J Cardiol 146: 305-310.
23. Motovska Z, Kala P (2008) Benefits and risks of clopidogrel use in patients
with coronary artery disease: evidence from randomized studies and
registries. Clin Ther 30: 2191-2202.
24. Brandt JT, Payne CD, Wiviott SD, Weerakkody G, Farid NA, et al. (2007) A
comparison of prasugrel and clopidogrel loading doses on platelet function:
magnitude of platelet inhibition is related to active metabolite formation. Am
Heart J 153: e9-16.

7. Kimmelstiel C, Zhang P, Kapur NK, Weintraub A, Krishnamurthy B, et al.
(2011) Bivalirudin is a dual inhibitor of thrombin and collagen-dependent
platelet activation in patients undergoing percutaneous coronary intervention.
Circ Cardiovasc Interv 4: 171-179.
8. Sibbing D, Busch G, Braun S, Jawansky S, Schömig A, et al. (2008) Impact
of bivalirudin or unfractionated heparin on platelet aggregation in patients
pretreated with 600 mg clopidogrel undergoing elective percutaneous
coronary intervention. Eur Heart J 29: 1504-1509.
9. Pollock B, Hamman BL, Sass DM, da Graca B, Grayburn PA, et al. (2015)
Effect of gender and race on operative mortality after isolated coronary artery
bypass grafting. Am J Cardiol 115: 614-618.
10. Shahian DM, O’Brien SM, Filardo G, Ferraris VA, Haan CK et al. (2009)
The Society of Thoracic Surgeons 2008 cardiac surgery risk models: part
1--coronary artery bypass grafting surgery. Ann Thorac Surg 88: S2-22.
11. Filardo G, Hamilton C, Hamman B, Ng HK, Grayburn P (2007) Categorizing
BMI may lead to biased results in studies investigating in-hospital mortality
after isolated CABG. J Clin Epidemiol 60: 1132-1139.
12. Prentice RL, Williams BJ, Peterson AV (1981) On the Regression-Analysis of
Multivariate Failure Time Data. Biometrika 68: 373-379.
13. Harrell FE (2001) Regression modeling strategies: with application to linear
models, logistic regression, and survival analysis. Springer-Verlag, New York.
14. Antman EM, Wiviott SD, Murphy SA, Voitk J, Hasin Y, et al. (2008) Early
and late benefits of prasugrel in patients with acute coronary syndromes
undergoing percutaneous coronary intervention: a TRITON-TIMI 38 (TRial
to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet
InhibitioN with Prasugrel-Thrombolysis In Myocardial Infarction) analysis. J
Am Coll Cardiol 51: 2028-2033.
15. Laynez A, Sardi G, Torguson R, Xue Z, Suddath WO, et al. (2013) Safety
and efficacy of prasugrel use in patients undergoing percutaneous coronary
intervention and anticoagulated with bivalirudin. Am J Cardiol 111: 516-520.
16. Diaz DELALLS, Cubero Gomez JM, Rangel D, Parejo J, Acosta J et al.
(2013) A comparative study of bivalirudin plus clopidogrel versus bivalirudin
plus prasugrel in primary angioplasty using propensity score matching. J
Interv Cardiol 26: 463-469.
17. Damman P, Varenhorst C, Koul S, Eriksson P, Erlinge D, et al. (2014)
Treatment patterns and outcomes in patients undergoing percutaneous
coronary intervention treated with prasugrel or clopidogrel (from the Swedish
Coronary Angiography and Angioplasty Registry [SCAAR]). Am J Cardiol
113: 64-69.
18. Wallentin L, Varenhorst C, James S, Erlinge D, Braun OO, et al. (2008)
Prasugrel achieves greater and faster P2Y12receptor-mediated platelet
inhibition than clopidogrel due to more efficient generation of its active
metabolite in aspirin-treated patients with coronary artery disease. European
heart journal 29: 21-30.
19. Wiviott SD, Trenk D, Frelinger AL, O’Donoghue M, Neumann FJ, et al.
(2007) Prasugrel compared with high loading- and maintenance-dose
clopidogrel in patients with planned percutaneous coronary intervention: the
Prasugrel in Comparison to Clopidogrel for Inhibition of Platelet Activation
and Aggregation-Thrombolysis in Myocardial Infarction 44 trial. Circulation
116: 2923-2932.

Volume 5 • Issue 4 • 1000271

Author Affiliations

Top

Internal Medicine Department (Division of cardiology), University of Wisconsin
Hospital and Clinics, Madison, WI, USA

1

Department of Epidemiology, Office of the Chief Quality Officer, Baylor Scott &
White Health, Dallas, TX, USA

2

Department of Statistical Science, Southern Methodist University, Dallas, TX,
USA

3

Internal Medicine department (Division of cardiology), Baylor University
Medical Center / Jack and Jane Hamilton Heart and Vascular Hospital, and
Texas A&M College of Medicine, USA

4

Submit your next manuscript and get advantages of SciTechnol
submissions








50 Journals
21 Day rapid review process
1000 Editorial team
2 Million readers
More than 5000 followers
Publication immediately after acceptance
Quality and quick editorial, review processing

Submit your next manuscript at ● www.scitechnol.com/submission

• Page 4 of 4 •

