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What is the ideal anticoagulant?



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



REPLACE-2

Primary Endpoint
• Intent-to-treat population
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Clinically Irrelevant!

REPLACE-2 Trial



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
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Odds ratio = 1.28; 95% CI= 0.58-2.86
p = 0.54
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NAPLES 4

Secondary endpoint 30-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









Schematic Representation of the Process 
of Exploring the Usage of Bivalirudin



Procedural Data



Clinical Outcomes



Authors’ Conclusion

• “Monotherapy with bivalirudin in CTO-PCI 
should be treated with caution, as the 
potential risk of thrombogenesis may be 
due to the long procedure time, the 
frequent change of equipment and 
temporary blood flow convection.”

• “Combination of heparin or an additional 
bolus of bivalirudin before PTCA …likely 
decreased the incidence of 
thrombogenesis.” 



DESIGN: Prospective, randomized, double-blind, single center, 
investigator-initiated clinical study from China

Elective CTO PCI in elderly patients at high risk of bleeding

MACE

Bivalirudin  group
N=68

UFH group
N=55

Wang et al. Catheter Cardiovasc Interv 2019.



Primary Endpoint
MACE In-Hospital and 6 months
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• DESIGN: Prospective, randomized, single center, clinical study from China

CTO PCI with high bleeding risk

N=84

MACE in-hospital and at 1 year

Bivalirudin UFH (100 IU/kg)

Any bleeding or entry-site complications after PCI

Li et al. Catheter Cardiovasc Interv 2018.



Primary Endpoint
In-Hospital MACE

21.4

4.8

14.3

9.5

0

5

10

15

20

25

In-hospital MACE Major bleeding

Bivalirudin Heparin

% P=0.68

P=0.39

Li et al. Catheter Cardiovasc Interv 2018





What is the ideal duration of DAPT?



Lee SH, Yang JH, Choi SH, Park TK, Jang WJ, et al. (2017) Duration of dual antiplatelet therapy in patients treated with percutaneous coronary 
intervention for coronary chronic total occlusion. PLOS ONE 12(5): e0176737. https://doi.org/10.1371/journal.pone.0176737

Samsung Medical Center CTO Registry



Clinical outcomes of ≤12-month DAPT vs >12-
month DAPT in the crude population

Lee SH, Yang JH, Choi SH, Park TK, Jang WJ, et al. (2017) Duration of dual antiplatelet therapy in patients treated with percutaneous coronary 
intervention for coronary chronic total occlusion. PLOS ONE 12(5): e0176737. https://doi.org/10.1371/journal.pone.0176737



Kaplan-Meier curves for MACCE and moderate to severe bleeding between ≤ 
12-month and >12-month DAPT groups in the entire population.

Lee SH, Yang JH, Choi SH, Park TK, Jang WJ, et al. (2017) Duration of dual antiplatelet therapy in patients treated with percutaneous coronary 
intervention for coronary chronic total occlusion. PLOS ONE 12(5): e0176737. https://doi.org/10.1371/journal.pone.0176737



Clinical outcomes of ≤12-month DAPT vs >12-month 
DAPT in the propensity-matched population

Lee SH, Yang JH, Choi SH, Park TK, Jang WJ, et al. (2017) Duration of dual antiplatelet therapy in patients treated with percutaneous coronary 
intervention for coronary chronic total occlusion. PLOS ONE 12(5): e0176737. https://doi.org/10.1371/journal.pone.0176737



Kaplan-Meier curves for MACCE and moderate to severe 
bleeding between ≤12-month and >12-month DAPT groups in 

the propensity-matched population.

Lee SH, Yang JH, Choi SH, Park TK, Jang WJ, et al. (2017) Duration of dual antiplatelet therapy in patients treated with percutaneous coronary 
intervention for coronary chronic total occlusion. PLOS ONE 12(5): e0176737. https://doi.org/10.1371/journal.pone.0176737







• Data on the safety of bivalirudin in CTO PCI are 
conflicting.  

• Heparin is the most commonly used anticoagulant for 
CTO PCI, inexpensive, safe, and effective 

• Heparin can be reversed with protamine if perforation 
occurs

• Among patients treated with CTO-PCI, DAPT for <12 
months showed similar long-term outcomes 
compared to >12 months

• Results of these East Asian studies may not be 
generalizable to all patients 

Conclusions



Thank you!


