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ARTICLE INFO ABSTRACT

Background:Recent data suggest that Bivalirudin provides ischemic protection su-
perior to Heparin,and comparable to Heparin plus glycoprotein IIb/Illa inhibitors,

corresponding Author: with significantly fewer bleeding complications. Whetherthis advantage persists in
large population has not beenfully defined.
Kumar A Objective: This study systematically evaluates clinical outcomes of treatment with

Bivalirudinvs Heparin in patients of acute coronary syndrome undergoing Percuta-
neous coronary interventions (PCI).

Methods: We analyzed prospective, randomized controlled trials via electronic
searches that have reported clinical outcomes at 7 and 30 days. The outcomes were
major bleeding, net clinical outcomes and Major Adverse Cardiac Events - MACE.
Data from individual trials were combined by a meta analysis method of Mantel-
Haenszelcalculate a relative risk (RR) and 95% confidence interval (95%CI) across
the studies.Theheterogeneity across the trials was assessed through x? statistic, I?
andvisual inspection of the forest plots.

Results: This meta-analysis involved a total of 30,088 patients (Bivalirudin,
n=15,105; Heparin, n=14,983). Compared with Heparin, Bivalirudin was associated
with a lower risk of major bleeding (RR 0.38; 95%CI 0.29-0.48 at 7 days and RR
0.67;95%CI 0.60-0.75 at 30 days), net clinical outcomes (RR 0.56; 95%Cl 0.47-0.66 at 7
days and RR 0.89; 95%ClI 0.83-0.96 at 30 days) and MACE (RR 0.78; 95%CI 0.63-0.96
at 7 days). There was no significant difference in case of MACE at 30 days (RR 1.02;
95%CI 0.93-1.11). Heterogeneity was observed across the trials that reported major
bleeding (x2=14.71, 5 df, p=0.01, I>=66%) at 30 days, but not at 7 days for reported
major bleeding, and also for net clinical outcomes and MACE both at 7 days and 30
days.

Conclusion: This analysis further supports that Bivalirudin provides significantim-
provement in net clinical outcomes and MACE with a significant reduction of
bleedingcomplications.
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Introduction

Bivalirudin is most widely used direct thrombin inhibitor all over the world, which reduce the risk of major adverse
cardiac events (MACE) and major bleeding as reported in various clinical studies. Besides its property to dissolve the
fibrin bound thrombin, Bivalirudin also shows predictable linear pharmacokinetics and avoidance of (Heparin in-
duced) thrombocytopenia. Early trials of Bivalirudin as an anticoagulant suggested similar endpoints as those of Hep-
arin with GP IIb/Illa inhibitors with lower rates of major bleeding. Our aim was to detect a clinically meaningful dif-
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ference in outcomes by performing a meta-analysis of most available published clinical studies of Bivalirudin in acute
cardiac syndromes (ACS).

Materials and Methods

To the best of our knowledge, this meta-analysis includes all the currently completed randomized published trials
that have compared different outcomes with Bivalirudin vs. Heparin in patients of ACS who underwent PCI. This
analysis used the end points of death, post procedural myocardial infarction (MI), urgent revascularization, and
bleeding as defined within each clinical trial. Specifically, three outcomes at 7 and 30 days, e.g. Major bleeding, Net
Clinical Outcomes (Death, MI, Revascularization and Major bleed) and Major Adverse cardiac events (MACE) were
considered for comparison.

Search strategies included an electronic search of bibliographic databases (PubMed, Medline and Science Direct), spe-
cific journals (Journal of Invasive cardiology, New England Journal of Medicine, Circulation, American Heart Journal,
American Journal of Cardiology, Journal of American Medical Association, Journal of the American College of Cardi-
ology), and review of bibliography from eligible trials and use of the “See Related Articles” links.

As mentioned, the outcomes were the combined incidence of death from any cause, myocardial infarction, or urgent
target-vessel revascularization (MACE) and major bleeding. This triple end point (MACE) was aimed at assessing the
risk of ischemic complications. Net clinical outcome was intended to measure the risk of both ischemic (MACE) and
bleeding complications and was the basis for determining the net clinical benefit. Myocardial infarction (MI) was de-
fined as the development of pathologic Q waves (=30 msec in duration and 0.1 mV in depth) in two or more contigu-
ous electrocardiographic leads or an elevation of creatine kinase MB isoenzyme levels (or total creatine kinase if
measures of creatine kinase MB were not available) to at least two times the upper limit of the normal range. Urgent
revascularization was defined as severe myocardial infarction requiring immediate surgery or PCI. The definition of
major bleeding was intracranial, intraocular, or retroperitoneal haemorrhage; clinically overt blood loss resulting in a
decrease in haemoglobin of more than 3 g per deciliter; any decrease in haemoglobin of more than 4 g per decilitre; or
transfusion of 2 or more units of packed red cells or whole blood.

Two authors (AK and RK) separately reviewed literature search to identify studies that are randomized controlled
trials evaluating outcomes at 7 and 30 days with Bivalirudinvs Heparin in patients of acute coronary syndrome un-
dergoing percutaneous coronary interventions (PCl). Any disagreement in the rejection process was first handled be-
tween them. When this could not be done, a third independent reviewer's opinion was sought. Studies published in
languages other than English and studies with outcome reported on other than 7 or 30 days were excluded.

Statistical Analysis

Meta-analysis (i.e, statistical pooled results) for major bleeding, MACE and Net Clinical outcome was performed us-
ing the Mantel-Haenszel method. All three outcomes were analyzed as dichotomous variables using fixed-effect mod-
el to calculate a weighted estimate (risk ratio) and 95% confidence interval (Cl) across the studies. The heterogeneity
across the trials was assessed through a y? statistic, degree of freedom (P value of 0.10 was used to determine statisti-
cal significance), I? and visual inspection of the forest plots. I? value represents the percentage of the total variation
across trials due to heterogeneity rather than chance (I2 value <25% is low and >75% is high). All analyses were done
using RevMan 5 (Cochrane Collaboration).

Results

The literature search identified 2 studies (BAT and CAHET D1+D2) that reported outcomes at 7 days and 5 (ACUITY
PCI, HORIZONE AM], ISAR REACT 3, REPLACE 1 and REPLACE 2) studies that reported outcomes at 30 days, in-
volving a total of 30,088 patients (Bivalirudin, n = 15 105; Heparin, n = 14 983), met our inclusion criteria. Detail flow
chart for inclusion of studies is shown in Figure 1. Out of these 30,088 patients, 4520 patients (Bivalirudin, n = 2305;
Heparin, n = 2215) of 2 trials that reported outcomes at 7 days and 25568 patients (Bivalirudin, n = 12800; Heparin, n =
12768) of 5 trials that reported outcomes at 30 days were included in this Meta analysis. All the included studies char-
acteristics are mentioned in Table 1. ACUITY PCI study was divided into 2 subpart; ACUITY PCI 1 (Bivalirudin +
GPIIb/1lla inhibitor) and ACUITY PCI 2 (Bivalirudin alone) in comparison of Heparin plus GP IIb/Illa inhibitor. All
the seven included trials had reported required outcomes e.g. major bleeding, net clinical outcomes (death, MI, revas-
cularization and major bleed) and MACE.

Major bleeding was reported in all the 7 identified studies as shown in Figure 2. Statistically significant difference was
observed for major bleeding with a RR of 0.38 (95% CI 0.29 to 0.48) at 7 days (Figure 2A) and RR of 0.67 (95% CI 0.60
to 0.75) at 30 days (Figure 2B) indicates low incidence of bleeding with Bivalirudin. There was no heterogeneity across
the trials that reported Major bleeding at 7 days (x?=0.39, 1 df, p=0.53, I> =0%) but observed across the trials that re-
ported major bleeding at 30 days (x>=14.71, 5 df, p=0.01, I> =66%).

Figure 3 shows the net clinical outcomes at 7 days (Figure 3A) and at 30 days (Figure 3B). Net clinical outcomes were
significantly lower in Bivalirudin group with RR of of 0.56 (95% CI 0.47 to 0.66) at 7 days and RR of 0.89 (95% CI 0.83
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to 0.96) at 30 days. Heterogeneity was not observed across the trials that reported net clinical outcomes at 7 days
(x*=2.37,1 df, p=0.12, 12 =58 %) and at 30 days (x?=3.63, 5 df, p=0.60, I> =0%) as well.

Analyzed results of ischemic triplet (MACE), as shown in Figure 4, revealed statistically significant difference ob-
served at 7 days with RR of 0.78 (95% CI 0.63 to

Table 1. Characteristics of included studies

Name of the Year Indication Dose of Bivaluridin Use of Dose of Use of
Study GPIIL/IIIa UFH GPIIbL/II1a
ACUTY PCI 1 2007 Moderate to High 0.75 mg'kg 100°%% 140 U/kgs 100°%%
risk ACS
ACUTY PCI 2 2007 Moderate to High 0.75 mg'kge Not Given 140 U/kgs 100%%6
risk ACS
HORIZONE 2008 STEMI 0.75 mg'kg 7% 70 Uikg 100°%%
AN
ISAR REACT 3 2008 Unstable 0.75 mg'kg 7% 70 Uikg 100%%
Angima/NSTEMI
RFPI.ACE 1 2004 Unstable 0.75 mg'’kes PID 70 U/kg PID
Angimma/NSTEMI
REPIACE 2 2003 Unstable 0.75 mg'kg 7.20% 140 U/kgs 100%%
Angima/NSTEMI
BAT 2001 Unstable 1.0 mg'ks Not Given 175 U/kg 15 U'Kg
Angima/NSTEMI infusion for 18-
2 hours
CACHET 2002 Unstable Angina 0.50 mg'kg followed - 70 Uikg 100°%%
D1+D2 by 1.75 mg'kg & 0.75
mgo'k

A CUITY PCI = Acute Catheterization and Urgent Intervention Triage Strategy: E'HORIZONE AMI= Bivalirudin
during primary PCI in acute myocardial infarction: FIISAR-REACT 3= The investigators who participated in the
Intracoronary Stenting and Antithrombotic Regimen: Rapid Early Action for Coronary Treatment: Y REPLACE-1
=Comparison of Bivalirudin vs Heparin During Percutanceous Coronary Intervention (the Randomized Evaluation of
PCI Linking Angiomax to Reduce Clinical Events): FPTREPLACE-2 =Long-term Efficacy of Bivalirudin and
Provisional Glycoprotemn IIb/TIIa Blockade ws Heparin and Planned Glyvcoprotein IIb/IIIa Blockade During
Percutaneous Coronary Revascularization: F?"BAT = Bivalirudin Angioplasty Trial: MCACHET = Comparison of
Abciximab Complications with Hirulog for CVE Trial STEMI: ST- segment elevation myocardial infarction:
WNSTEMI: Non ST- segment elevation mvocardial infarction :

S
é | 475 records identified through database l
=
e
=
el A
| 412 records after duplicates removed |
389 records excluded
=4
= .
= | 412 records screened ’—> * 30not n human.
g e 174 reviews,
53 e 58 letter to editorial and short
communications.

e 68 randomization not clear

e 27 without ACS undergoing PCI
=z e 32 full text not accessed

!

23 full text articles accessed

for eligibilty \ e 9 with outcome not reported on 7
days or 30 days

e 4 with undesired comparison

A e 3 with unclear randomization

7 studies included in qualitative l

16 full text articles excluded

Eligibil

Included

v
7 studies included in quantitative synthesis (meta-analysis)

2 studies with outcome reported at 7 days
5 studies with outcome reported at 30 days

Figure 1. Flowchart of included studies for meta-analysis

0.96) but not at 30 days with RR of 1.02 (95% CI 0.93 to 1.11). No significant heterogeneity was observed across the
trials that reported MACE either at 7 days (x?>=1.47, 1 df, p=0.22, 12 =32%) or at 30 days (x?>=5.24, 5 df, p=0.39, 1> =05%).

Discussion

More than 1.4 million persons are admitted to hospitals in the United States every year with acute coronary syn-
dromes (e.g., unstable angina or myocardial infarction without ST-segment elevation).flIn India, an estimated 2 mil-
lion patients are currently suffering from coronary heart diseases also making it the country with highest acute syn-
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dromes in the world.[”l The thrombotic complications in patients of acute coronary syndrome (ACS) undergoingpercu-
taneous coronary interventions are related to activation of the intrinsic coagulation system and to platelet aggregation.
During coronary interventions, Heparin has been the primary choice for anticoagulation since its inception.[10l Aspi-
rin, clopidogrel - a platelet glycoprotein IIb/Illa inhibitor, and an antithrombotic agent are also recommended for
for whom

patients an invasive strategy is chosen.[11-13]
Bivalirudin Heparin Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed. 895% CI M-H| Fixed. 95% Cli
BAT 76 2161 198 2151 97.3% 0.38 [0.29, 0.49] |
CACHET D1+D2 2 1424 4 64 27% 0.22[0.04.1.18]
Total (95% CI) 2305 2215 100.0% 0.38 [0.29, 0.48] ’
Toial events 75 203 = 3 N ;
Heterogeneity: Chi® = 0.29. df = 1 (P = 0.53); I¥ = 0% : : ! :
0.01 0.1 1 10 100
Test for overall effect: Z = 7.54 (P < 0.00001) Favours Heparin Favours Bivalirudin
Bivalirudin Heparin Risk Ratio Risk Ratio
B o, c o
ACUITY PCI1 1 174 2561 196 2609 27.6% 090 [0.74, 1.10] o,
ACUITY PCI 2 92 2619 174 2561 25.0% 0.52 [0.40. 0.66]
HORIZONE AMI SS 1800 91 1302 12.9% 0.61 [0.44, 0.84] =
ISAR REACT 3 70 2289 104 22381 14.8% 0.67 [0.S0. 0.90] |
REPLACE 1 11 532 14 524 2.0% 0.77 [0.35, 1.69] -
REPLACE 2 71 2999 123 2991 17.5% 0581042, 0.77]
Total (95% CI) 12800 12768 100.0% 0.67 [0.60, 0.75] L]
Total events 473 702 ; , r x
r T T 1

Heterogeneity: Chi*= 1471, df =5 (P =0.01); IF = 66%
Test for overall effect: Z =6.81 (P < 0.00001)

A
Figure 2. Major bleeding A at 7 days and B at 30 days

0.01 0.1
Favours Heparnn

100
Favours Bivalirudin
B

Bivalirudin Heparin Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed. 95% CIi

BAT 179 2161 312: 2151 86 2% 0.57 [0.48. 0.68]

CACHET D1+D2 5 144 S 54 3.8% 0.25[0.09.0.71]

Total (95% CI) 2305 2215 100.0% 0.56 [0.47, 0.66] ’

Total events 184 321 " " x X

Heterogeneity: Chi = 2.37. df = 1 (P = 0.12); I = S8% > : - :
0.01 0.1 L 10 100

Test for overall effect: Z = 6.67 (P < 0.00001)

Bivalirudin

Heparin

Risk Ratio

Favours Heparin

Risk Ratio

Favours Bivalirudin

A

_

ACUITY PCI 1 341 2581 389 2609 258% 0.82 [0.78. 1.02]
ACUITY PC1 2 225 2819 243 2581 232% 0.93 [0.80. 1.07]
HORIZONE AMI 166 1200 218 1302 146% 0.76 [0.63. 0.92]
ISAR REACT 3 190 2289 199 2281 133% 0.95 [0.79. 1.15]
REPLACE 1 33 s32 a5 524 3 1% 0.81 [0.54. 1.23]
REPLACE 2 275 2999 209 2991 200% 0.92 [0.78. 1.07]
Total (95% CI) 12800 12768 100.0% 0.89 [0.83, 0.96]
Total events 12335 1494 < . Y .
Heterogeneity- Chi= = 3.63, df = 5 (P = 0.60); I = 0% ) ) 1 ) '

Test for overall effect: Z = 3.23 (P = 0.001)

0.01 0.1
Favours Heparin

100
Favours Bivalirudin

B

Figure 3. Net Clinical Outcomes A at 7 days and B at 30 days.

Unfractionated Heparin has been the standard of adjunctive antithrombin therapy during percutaneous coronary
intervention (PCI) for more than 25 years. Yet Heparin is subject to important intrinsic limitations, including unpre-
dictable pharmacokinetics, inhibition by plasma proteins, and the potential to activate platelets.[1#171 Considerable re-
ductions in periprocedural complications have been achieved with administration of glycoprotein IIb/Illa
(Gpllb/Illa) antagonists in addition to Heparin.['8] These potent platelet inhibitors are not used universally because of
cost and increased bleeding risk. Most of the anticoagulants are not capable to dissolve the fibrin bound thrombin.
Such thrombin usually activates platelets through thromboxen A2 independent mechanism which can not be blocked
by aspirin or any other anticoagulants except direct thrombin inhibitors (DTI). One of the best available DTI, with well
established safety and efficacy in various indication of ACS is Bivalirudin.
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This meta analysis of 7 trials reveals a lower risk of major bleeding with Bivalirudin in comparison to Heparin in pa-
tients of ACS undergoing PCI. Statistically significant improvement is suggested with Bivalirudin treatment in net
clinical outcomes at both 7 and 30 days. The ischemic events (MACE) are higher in Heparin group at 7 days but at 30
days there is no significant difference between the two groups. All 7 trials included in the meta analysis consisted of
homogeneous population as there is no significant heterogeneity found between Heparin and Bivalirudin groups ex-
cept in the case of major bleeding at 30 days and that is because of diference in doses and GP IIb/Illa inhibitor use
among the 5 trials.

This meta-analysis shows a significant reduction in both ischemic events as well as major bleeding, contrastingameta-
analysis performed by Kong and his colleagues['®l which included 6 trials with 5674 patients. [20. 21-23, 241 The latter
showed thatBivalirudinreduces the incidence of ischemic heart disease at least to the same degree as does UFH (Un-
fractionated Heparin) but with statistically significant reduction inmajor bleeding (P < .001). Another meta-analysis
performed by Singh et al.?> has reported similar results to ours but they pooled data from trials that reported out-
comes at different time period ranging from 48 hours to 6 months. We have combined the data from the trials that
reported outcomes specifically at 7 days and 30 days separately which is more logical. The combination of both safety
and efficacy measures is not ideal, hence we reported safety (major bleeding and ischemic event and net clinical out-
comes) separately from the efficacy measures.

Bivalirudin Heparin Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% CI M-H, Fixed., 95% CI
BAT 135 21861 169 2151 96.1% 0.80 [0.84, 0.99] r
CACHET D1+D2 -+ 144 S 64 3.9% 0.35 [0.10. 1.28]
Total (95% CI) 2305 2215 100.0% 0.78 [0.63, 0.96] ‘
Total events 139 174 5 i 7 7
Heterogeneity: Chi= = 1.47, df = 1 (P = 0.22); I7 = 32% ; : = 4
) 0.01 0.1 1 10 100
Test for overall effect: Z = 2.29 (P = 0.02) Favours Heparin Favours Bivalirudin
A

Bivalirudin Heparin Risk Ratio Risk Ratio

o

ACUITY PCI 1 210 2561 243 2609 26.5% 0.88 [0.74, 1.05]

ACUITY PCI1 2 230 2819 207 2561 23.1% 1.09 [0.91, 1.30]

HORIZONE AMI =) 1800 99 1802 10.9% 0.99 [0.76, 1.30]

ISAR REACT 2 134 2289 115 2281 12.7% 1.16 [0.91, 1.48]

REPLACE 1 27 532 32 524 3.6% 0.83 [0.51, 1.37]

REPLACE 2 227 2899 211 2991 23.3% 1.07 [0.90, 1.29]

Total (95% CI1) 12800 12768 100.0% 1.02 [0.93, 1.11] }

Total events 926 907 3 H ? ¥

Heterogeneity: Chi® = 5.24, df = 5 (P = 0.39); I* = 5% ' ' ' '
: § 3 001 0.1 1 10 100

Test for overall effect: Z = 0.41 (P = 0.68) Favours Heparin Favours Bivalirudin

B

Figure 4. Major Adverse Cardiac Event (MACE) A at 7 days and B at 30 days.

Conclusion

This meta-analysis finds that Bivalirudin is associated with lower incidences of net clinical outcomes as well as bleed-
ing at 7 days and 30 days relative to those of Heparin. Furthermore, Bivalirudin treatment showed a lower risk of is-
chemic event (MACE) at 7 days than that of Heparin but at 30 days there was no significant difference between Hepa-
rin and Bivalirudin treated groups.

References

1. Stone GW, White HD, Ohman EM. Bivalirudin in patients with acute coronary syndromes undergoing percutane-
ous coronary intervention: a subgroup analysis from the Acute Catheterization and Urgent Intervention Triage
strategy (ACUITY) trial. Lancet 2007;369:907-919.

2. Stone GW, Witzenbichler B, Guagliumi G. Bivalirudin during primary PCI in acute myocardial infarction. N Engl |
Med 2008;358:2218-2230

117

EVYerant JLSB 2021, 113-118



3. Kastrati A, Neumann FJ, Mehilli ], Byrne RA, Iijima R, Biittner H]J, et al. Bivalirudin versus Unfractionated Hepa-
rin during Percutaneous Coronary Intervention. N Engl ] Med 2008;359:688-96.

4. Lincoff AM, Bittl JA, Kleiman NS. Comparison of Bivalirudin versus Heparin during percutaneous coronary inter-
vention (the Randomized Evaluation of PCI Linking Angiomax to Reduced Clinical Events [REPLACE]-1 trial).
Am J Cardiol 2004;93:1092-1096.

5. Lincoff AM, Bittl JA, Harrington RA. Bivalirudin and provisional glycoprotein IIb/Illa blockade compared with
Heparin and planned glycoprotein IIb/Illa blockade during percutaneous coronary intervention: REPLACE-2 ran-
domized trial. JAMA 2003;289:853-63.

6. Bittl JA, Chaitman BR, Feit F, Kimball W, Topol E]. Bivalirudin versus Heparin during coronary angioplasty for
unstable or postinfarction angina: final report reanalysis of the Bivalirudin Angioplasty Study (BAT). Am Heart ]
2001;142:952-959

7. Lincoff AM, Kleiman NS, Kottke-Marchant K. Bivalirudin with planned or provisional abciximab versus low-dose
Heparin and abciximab during percutaneous coronary revascularization: results of the Comparison of Abciximab
Complications with Hirulog for Ischemic Events Trial (CACHET). Am Heart ] 2002;143:847-853

8. Bertrand ME, Simoons ML, Fox KA. Management of acute coronary syndromes in patients presenting without per-
sistent ST-segment elevation. Eur Heart ] 2002;23:1809-40.

9. Xavier D, Pais P, Devereaux P. Treatment and outcomes of acute coronary syndromes in India (CREATE): a pro-
spective analysis of registry data The Lancet 2008;371:1435-1442.

10. Gruentzig AR. Percutaneous transluminal coronary angioplasty. SeminRoentgenol 1981;16:152-153.

11. Graves EJ, Kozak L]. Detailed diagnosis and procedures, National Hospital Discharge Survey, 1996. No. 138. Hy-
attsville, MD: National Center for Health Statistics, 1998. (DHHS publication no. 98-1799.)

12. Braunwald E, Antman EM, Beasley JW. Management of patients with unstable angina and non-ST segment eleva-
tion myocardial infarction: a report of the American College of Cardiology/American Heart Association Task
Force on Practice Guidelines [Serial on the Internet]. [cited 2009 May 15]. Available from:
http:/ /www.acc.org/qualityandscience/ clinical / guidelines /unstable/unstable_pkt.pdf

13. Braunwald E, Antman EM, Beasley JW. ACC/AHA guideline update for the management of patients with unsta-
ble angina and non-ST-segment elevation myocardial infarction — 2002: summary article: a report of the American
College of Cardiology/American Heart Association Task Force on Practice Guidelines (Committee on the Man-
agement of Patients With Unstable Angina). Circulation 2002;106:1893-900.

14. Weitz JI, Hudoba M, Massel D, Maraganore J, Hirsh J. Clot-bound thrombin is protected from inhibition by Hepa-
rin-antithrombin III but is susceptible to inactivation by antithrombin III independent inhibitors. J Clin Invest
1990;86:385-391.

15. Eitzman DT, Chi L, Saggin L, Schwartz RS, Lucchesi BR, Fay WP. Heparin neutralization by plateletrich thrombi:
role of platelet factor 4. Circulation 1994;89:1523-1529.

16. Xiao Z, Theroux P. Platelet activation with unfractionated Heparin at therapeutic concentrations and comparisons
with a low-molecular-weight Heparin and with a direct thrombin inhibitor. Circulation 1998;97:251-256.

17.Sobel M, Fish WR, Toma N. Heparin modulates integrin function in human platelets. ] VascSurg 2001;33:587-594.

18. Lincoff AM, Califf RM, Topol EJ. Platelet glycoprotein IIb/Illa blockade in coronary artery disease. ] Am CollCar-
diol 2000;35:1103-1115.

19. Kong DF, Topol EJ, Bittl JA. Clinical outcomes of Bivalirudin for ischemic heart disease. Circulation 1999;100;2049-
2053.

20.Stewart LA, Clarke M]J. Practical methodology of metaanalyses (overviews) using updated individual patient data.
Stat Med 1995;14:2057-2079.

21. Fuchs J, Cannon CP. Hirulog in the treatment of unstable angina. Results of the Thrombin Inhibition in Myocardial
Ischemia (TIMI) 7 trial. Circulation 1995,;92:727-733.

22.Théroux P, Perez-Villa F, Waters D, Lesperance ], Shabani F, Bonan R. Randomized double-blind comparison of
two doses of Hirulog with Heparin as adjunctive therapy to streptokinase to promote early patency of the infarct-
related artery in acute myocardial infarction. Circulation 1995;91:2132-2139.

23. White HD, Aylward PE, Frey MJ. Randomized, double-blind comparison of hirulog versus Heparin in patients
receiving streptokinase and aspirin for acute myocardial infarction (HERO). Hirulog Early Reperfusion/Occlusion
(HERO) Trial Investigators. Circulation 1997;96:2155-2161.

24 Bittl JA, Strony ], Brinker JA. Treatment with Bivalirudin (Hirulog) as compared with Heparin during coronary
angioplasty for unstable or postinfarction angina. Hirulog Angioplasty Study Investigators. N Engl ] Med
1995;333:764-769.

25.5ingh S, Molnar J, Arora R. Efficacy and Safety of BivalirudinVersus Heparins in Reduction of Cardiac Outcomes
in Acute Coronary Syndrome and Percutaneous Coronary Interventions. | CardiovascPharmacolTher2007; 12; 283-
293.

118

EYerant JLSB 2021, 113-118



32

EVerant JLSB 2021, 113-118
—



