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“Heparin is a disgusting product. 
It’s made from pork intestines.  It has  
pancreatic extract, ammonia, sodium  
hydroxide.  …it’s a terrible drug” 



“The problem with heparin is that 
there is no drug rep to take you 
out to an expensive dinner.” 

Saibal Kar, MD 

Cedars-Sinai Medical Center 



• Acute stent thrombosis is higher with 
bivalirudin 

 

POINT #1 



UFH + GP 
IIb/IIIa 

(N=1553) 

Bivalirudin 
(N=1571) 

P 
Value 

ARC definite or probable* 1.9% 2.5% 0.33 

   - definite 1.4% 2.2% 0.11 

   - probable 0.5% 0.3% 0.26 

   - acute (≤24 hrs) 0.3% 1.3% 0.0009 

   - subacute (>24 hrs – 30d) 1.7% 1.2% 0.30 

*Protocol definition of stent thrombosis, CEC adjudicated 

HORIZONS- AMI 
30 Day Stent Thrombosis (N=3,124) 



• Dual oral anti-platelet therapy pre-procedure 

• Heparin:     70 units/kg body weight pre-procedure 

• Bivalirudin:   Bolus  0.75 mg/kg  

                           Infusion 1.75 mg/kg/hr - procedure duration 

 

• GPI  -  Abciximab  

• Selective  (‘bailout’)  use in both groups 

• ESC guideline indications 

HEAT PPCI 



Bivalirudin Heparin 
% % 

Definite* 3.3 % v 0.7 % 

Acute 2.9 % v 0.9 % 

Subacute 0.6% v 0% 

ARC definite or probable stent thrombosis events 

HEAT PPCI 
Stent Thrombosis 

*p=0.001 



2218 patients with STEMI with symptom onset >20 min and ≤12h 

Randomized in ambulance or non-PCI hospital 

Intent for primary PCI 

UFH/LMWH  ±  GPI 
Per standard practice 

Bivalirudin  
(0.75 mg/kg bolus, 1.75 mg/kg/h infusion)  

+ prolonged optional infusion  
(PCI dose or 0.25 mg/kg/h) 

(provisional GPI only) 

Aspirin + P2Y12 inhibitor 

(any) as soon as possible R  

1:1 

Primary endpoint:  30-day death or non-CABG related major bleeding 

Key Secondary endpoint: Death, Re-infarction or non-CABG major bleeding at 30 days 

Clinical FU at 30 days and 1 year 

EUROMAX Trial Design 

clinicaltrials.gov NCT01087723 



EUROMAX Trial 

Bivalirudin 
(N=1089) 

Heparins with 
optional GPI 

(N=1109) 

Relative risk  
[95% CI] 

P Value 

Stent thrombosis (ARC definition)  17 (1.6) 6 (0.5) 2.89 (1.14–7.29) 0.02 

   Definite 17 (1.6) 6 (0.5) 2.89 (1.14–7.29)  0.02 

   Probable 0 (0) 0 (0) – n/a 

   Acute (≤24 hours) 12 (1.1) 2 (0.2) 6.11 (1.37–27.24) 0.007 

   Subacute (>24 hours to 30 days) 5 (0.5) 4 (0.4) 1.27 (0.34–4.73) 0.75 



Meta-Analysis  
Acute Stent Thrombosis 

 

Lancet 2014 



NSTEACS or STEMI with invasive management 
Aspirin+P2Y12 blocker 

Bivalirudin 

Mono-Tx 

Stop 
Infusion 

Prolong≥ 4 hs  
infusion 

1:1 

MATRIX Treatment duration 

NCT01433627  

To demonstrate that prolonged Bivalirudin infusion is 

associated to lower rate of the composite endpoint of 

Death, MI, Stroke, urgent TVR, Stent thrombosis or 

BARC bleeds V or III within the first 30 days 

Primary Objective 

10% vs. 7%, β<4%, α:5%: 3,400 patients  





BRIGHT Study Design 

2194 patients with AMI 
(STEMI within 12h, NSTEMI within 72 h) 

Aug, 2012- Jun, 2013; 82 Chinese sites 

 

Bivalirudin alone 
N=735 

 

Biv 0.75mg/kg bolus + 1.75mg /kg/h 
infusion (0.3mg/kg bolus if ACT< 
225s). Bailout GPI permitted. 
Biv infusion (0.2mg/kg/h) continued 
for at least 30 min post PCI. 

Heparin alone 
N=729 

 
Heparin 100U/kg bolus + 
additional dose if ACT <200 s. 
Bailout GPI permitted 
ACT goal = 250-300. 

Heparin plus tirofiban 
N=730 

 
Heparin 60U/kg bolus . 
Tirofiban 10μg/kg bolus + 0.15 
μg/kg/min infusion for 18-36 h. 
ACT goal = 200-250. 

Clinical follow-up at 30 days and one year 

R 

(clinicaltrials.gov number: NCT01696110) 

1° endpoint: NACE (death, MI, iTVR, stroke, any bleeding) @ 30 days 
2° endpoints: NACE @ 1 year, MACCE & bleeding @ 30 days and 1 year 



BRIGHT Trial 
Time-to-Event Curves: 1 Year Outcomes 

MACCE at 1 year 



• Ischemic events are higher with bivalirudin 

 

POINT #2 
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UFH/Enoxaparin + IIb/IIIa (N=811)

Bivalirudin Alone (N=804)

ACUITY PCI as presented at TCT 2006. *Thienopyridine at any time, any dose, up to time of PCI 

RR [95%CI]  
0.61 (0.39-0.97) 

RR [95%CI]  
1.37 (1.00-1.88) 

RR [95%CI]  
1.07 (0.83-1.39) 

ACUITY Trial 
No Thienopyridine Exposure – PCI pts* 



 



Bivalirudin Heparin 

% % 

Death 5.1 % V 4.3 % 

CVA 1.6% v 1.2% 

Reinfarction 2.7% v 0.9% 

TLR 2.7% v 0.7% 

Any MACE* 8.7 % v 5.7 % 

HEAT PPCI 
MACE Outcomes at 28 days 

P=0.01 



Meta-Analysis 
Major Adverse Cardiac Events 

 

Lancet 2014 



• If GP IIb/IIIa inhibitor is not used, heparin and 

bivalirudin have similar bleeding rates 

POINT #3 



REPLACE-2 

Primary Endpoint 
• Intent-to-treat population 

6.2%

1.4%

4.1%

9.2%

7.0%

2.4%
0.4%

10.0%

1.2%0.2%

Composite Death MI Urgent revasc Major bleed

Heparin + GPIIb/IIIa (N=3008)

Bivalirudin (N=2994)

p = 0.324 p = 0.255 p = 0.430 p = 0.435 p < 0.001 

Clinically Irrelevant! 

REPLACE-2 Trial 



 

Lancet 2014 

Major Bleeding 
Stratified by GP IIb/IIIa Inhibitor Use 



Bivalirudin group 

NAPLES III trial 

Bolus of 0.75 mg/kg i.v. prior to  
the start of the procedure, followed by 
infusion of 1.75 mg/kg per hour for the 

duration of the procedure 
 

Additional bolus 0.3mg/Kg  
in case ACT <250 sec 

70 U/Kg i.v. prior to  
start the procedure 

 
Additional bolus 20 U/Kg  

in case ACT <250 sec 

UFH group 

Elective PCI in biomarker negative patients at high risk of bleeding 



NAPLES III: 
Primary endpoint: Major Bleeding 

16/146 

Odds ratio = 1.28; 95% CI= 0.58-2.86  
p = 0.54 

2.6% 

3.3% 14/418 
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NAPLES 4 

Secondary endpoint30-day MACE 

Bivalirudin group 

(N= 418) 

UFH Group 

(N=419) 
P 

Major bleeding 
14 (3.3%) 11 (2.6%) 0.58 

Death 
10 (2.4%) 6 (1.4%) 0.31 

Myocardial infarction 
1 (0.2%) 0 0.50 

Revascularization 
5 (1.2%) 3 (0.7%) 0.47 

Stent thrombosis 
2 (0.5%) 2 (0.5%) 0.99 

Composite 
27 (6.5%) 18 (4.3%) 0.17 



• 300 patients 

• 40 U/kg initial dose 

• Pretreat with DAPT 

• Mean ACT 233 

• Cardiac death: 0.3% 

• MI: 2.3% 

• No stent thrombosis 

• Major bleeding: 0.3% 

UCLA Experience  



    1:1 

NSTEACS or STEMI with invasive management 
Aspirin+P2Y12 blocker 

Heparin 

± GPI 

Bivalirudin 

Mono-Tx 

MATRIX Anti-thombin NCT01433627  

To demonstrate that Bivalirudin as compared to UFH 

plus provisional GPI is associated to lower rate of the 

composite endpoint of Death, MI or Stroke  within the 

first 30 days 

1° co-Primary Objective 

6% vs. 4.2%, β<15%, α: 2.5%: 6,800 patients  

Adaptive study Design: sample size (SS) will be increased  

by the cross-over rate at 70% of planned SS 



70 – 100  U/kg (25.9% GPI used) 



70 – 100  U/kg (25.9% GPI used) 



• Bivalirudin is more expensive than heparin 

– Bivalirudin $400 

– Heparin $5 

POINT #4 

$400 saved per case 



• Variability of preparations 

• Unpredictable neutralization by PF-4 

• Binds to endothelial cells, plasma proteins, 
macrophages 

• Poor clot penetration 

• Indirect anticoagulation – relies on AT III levels, 
structure 

• Stimulates platelet aggregation 

• HIT (TS) 

• Made of beef and pork (and sausage, manure) 

Unfractionated Heparin 
Limitations 

Clinically Relevant? 



• Sometimes old and inexpensive drugs are 

good drugs.¹ 

• Despite its mechanistic disadvantages, 

heparin, with appropriate dosing, 

optimal P2Y12 inhibition, and selective 

use of GP IIb/IIIa inhibitors, is a safe and 

cost-effective anticoagulant 

Conclusions 

1. Lincoff AM. Lancet 



“Failing to prepare 
 is preparing to fail.” 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

John Wooden 
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Thank You! 


