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Short-term DAPT: What Matters 

• Thromboresistance: 

– Thin strut design with minimal flow disturbance 

• Cell shape and size? 

– Polymer Coating 

• Permanent versus Bioabsorable versus none 
– Permanent: FP (Xience and Promus), BioLinx (Onyx), and 

Elastomer (EluNIR) 

– Bioabsorable: poly(α-hydroxy acid) family, including polylactic 
acid and polyglycolic acid and their co-polymer polylactic-co-
glycolic acid  

– None 

• Conformal Versus Abluminal 

• Healing Characteristics 
 



Problems Encountered with  
1st-Generation DES (Durable polymers)  

Thick struts 
Uneven polymer distribution with 

poor integrity, and thick coating 
(~15 microns) of durable polymers 

High drug dose 

Delayed arterial healing 
Uncovered struts 
Hypersensitivity  
Malapposition 
Late stent thrombosis 
Stent Fracture 
Neoatherosclerosis 
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Neoatherosclerosis Uncovered struts Hypersensitivity reaction 
Malapposition from 

excessive fibrin deposition 

Th 

Contemporary DES Platforms
Strut and Coating Thickness In Perspective

Durable Polymer 
Coated Bioabsorbable Polymer Coated

Xience
CoCr-EES

Resolute
/Onyx

Biomatrix Nobori Ultimaster SYNERGY MiStent Orsiro

Promus 
PtCr-EES

CoNi-ZES 316L-BES
316L-
BES

CoCr-SES PtCr-EES CoCr-SES CoCr-SES

Strut 
thickness

81 µm
0.0032”

89/81 
µm

0.0035”

120 µm
0.0046”

125 µm
0.0047”

80 µm
0.0031”

74 µm
0.0029”

64 µm
0.0025”

61 µm
0.0024”

Polymer PVDF BioLINX PLA PLA
PDLLA + 

PCL
PLGA PLGA

PLLA
Probio*

Distribution 
/ thickness

Conformal
7-8µm / 

side

Conformal
6µm / side

Abluminal

10 µm
Abluminal

20 µm
Abluminal

15 µm
Abluminal

4 µm

Conformal
5 µm / 15 

µm

Conformal
3.5 µm / 
7.5 µm

*silicon carbide
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Presence of Polymer can contribute to reducing 
platelet adhesion and thrombogenicity 

 Flow Model with Labeled Human Platelet 
 
 Porcine AV Shunt Model 
   Low dose heparin 



Protocol 

1. Put stents into fetal bovine serum for 24 hours. 
2. Wash the stents using PBS with pumping 
3. Confocal starts 

Understanding the Concept of Fluoropassivation with respect to thromboresistance 
of human platelet in a real-time system 

Platelet Preparation 

1. Collect human blood (total 60ml, using citrate 0.32%) 

2. 200g 10 min centrifuge (first spin)  

3. Collect supernatant.   

4. 700g 17min centrifuge (second spin)  
 5. Lower 1/3 PRP and upper 2/3 PPP. Collect PRP. 

7. Label platelet (using CMFDA)  45min  

8. 1300g 10 min centrifuge (third spin)  
  
9. Collect only pellet.  And resuspend it using PPP (2-3ml) 
    Final volume is usually about 20-25ml  

10. Confocal 

6. Resuspend PRP  

Stent Preparation 



Fluoropolymer BMS 



1. Porcine AV shunt: carotid-

jugular using customized sheath  
2. Arterialized flow using Sylgard tube 3. Thrombus formation after 1 hour 
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Confocal Microscopy of Shunt Model for Platelets 

CD42b/CD61 positive staining area  
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Comparison of different types of DES  
in thromboresistance using porcine shunt models  

 Porcine AV Shunt Model 
   Low dose heparin 
  Aspirin Monotherapy 
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Otsuka et al., JACC Cardiovasc Interv. 2015 Aug 17;8(9):1248-60 
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Xience Elunir Onyx BMS 

Comparison of Acute Thrombogenicity  
in Three Durable Polymer DES 

Presented at TCT 2018 

N=14 N=9 N=6 N=10 

, p<0.05 vs. Xience; , p<0.05 vs. 
Onyx, , p<0.05 vs. Elunir 



AV Shunt Model Translatability to ASA 
monotherapy 

• AV shunt data in the setting of low dose 
heparin monotherapy 

• Patients at time of DAPT discontinuation not 
on heparin but only only ASA (with 
thienopyridine withdrawl) 

• What is data like on ASA only? 



Xience 

Synergy 

Orsiro 

Ex Vivo Swine Shunt models with Aspirin  
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Ex Vivo Swine Shunt models with Aspirin  

Xience Synergy Orsiro 

Xience Synergy Orsiro 
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ALBUMIN ADSORPTION 

2 hr adsorption 

24 hr elution 

Two-hour ALBUMIN adsorption from a pure Albumin solution (0.3 mg/mL) 

“Blood compatibility assessment of polymers used in drug eluting stent coatings” Luisa Mayorga Szott, Colleen A. Irvin, Mikael Trollsas, Syed Hossainy, 
and Buddy D. Ratner Citation: Biointerphases 11, 029806 (2016).  

MONOCYTE 
ADHESION  

To Surfaces 
Pre-Adsorbed with 
1% Human Plasma 
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Permanent Polymers :Fluoropolymer  
Fluoropassivation 

XIENCE Fluoropolymer has higher albumin 
absorption/retention than bare metal 

Preferential albumin adsorption of XIENCE 
Fluoropolymer offers the lower monocyte 

adhesion than bare metal 



Pump Slide 

Stents 

Laser and camera 
from the bottom side 

Pump Slide 

Stents 

Tube 
Tube 

Human albumin 

Slide Lumen 

A B 

Stent 

Cover glass 

Laser and camera 
from the bottom side 

C D 
Albumin Binding Washing 

Albumin Retention in In Vitro Flow Models 
Human fluorescent albumin 



Albumin Retention in In Vitro Flow Models 



Fluorescent Albumin 

Xience Onyx BMS Synergy Orsiro 

Albumin Retention in In Vitro Flow Models 
Xience shows greatest albumin coverage and strongest signal of albumin. 



STOP DAPT 2 Trial 
1-Month DAPT vs. 12-Month DAPT after Xience stents 
Total 3000 patients were enrolled 
Randomized controlled trial 

Primary Endpoint: 
Net Adverse Cardiovascular Events (NACE) 
CV death/MI/ST/Stroke/TIMI major/minor bleeding 

Watanabe et al. ACC 2019 https://www.xiencestent.com/ 



The optimal DAPT duration after DES placement should be tailored in individual 
patients after carefully balancing the risks of ischemic versus bleeding events. 
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Not only stent design but also individual patient 
characteristics are important when considering short DAPT 

Also, lesion characteristics maybe important 



Impact of Calcification on strut coverage  
after current generation DES  

Mild calcification No calcification Moderate calcification  Severe calcification 

Severely calcified (SC)  
stented segment 

Non-severely calcified (NC) stented segment 

35 patients/ 46lesions 69 patients/ 88lesions 

Ca2+ 

NC 

Uncovered Covered 

Torii et al. Unpublished data 



Torii et al. Unpublished data 

3SC=>3 consecutive struts  
         on surface calcified area 
MT=Medial tear 
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Severe medial tear Surface calcified area 

Impact of surface calcification and medial tear  
on uncovered struts 



  OR 
Lower 

95% CI 

Upper 

95% CI  
p value 

Duration of implantation <6 months 7.7 5.18 11.50 <.0001 

>3 consecutive struts on surface calcified area 6.5 3.55 12.04 <.0001 

Strut malapposition 5.0 3.34 7.57 <.0001 

Lack of severe medial tear 2.5 1.53 4.34 0.0005 

Multivariate Analysis of Predictors for Delayed Strut Coverage in Newer-Generation DES 

Surface calcification is a predictor for uncovered struts 

Sheet Ca2+ 

Torii et al. Unpublished data 



 Ex vivo pig shunt models and in vitro flow models with labeled human 

platelet show different thromboresistance in different types of stents. 

 Regarding albumin retention, durable polymer DESs were fully 

covered by  albumin with strongest signal of albumin, as compared to 

bare and abluminally covered stents (i.e., BMS and Synergy). 

However, among durable polymer stents, albumin retention is higher 

in Xience >Onyx>Elunir. 

 Overall permanent FP coated stent have advantage relative to 

bioabsorable or no polymer DES 

 Within 1-3 months, stent struts may not be fully covered by 

endothelium.  When considering short DAPT, a capability of 

thromboresistance in individual stents is important. Those difference 

of thromboresistance in stents may require different duration of DAPT 

in each stent. 

 Not only stent design but also individual patient and lesion 

characteristics are important. 

 

Summary:  
Polymers are not same in terms of anti-thrombogenicity 
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Problems Encountered with Drug-Eluting Stents  

 Thick struts 
 Uneven polymer distribution with 

poor integrity, and thick coating of 
durable polymers 

 High drug dose 

 Uncovered struts 
 Hypersensitivity 
 Malapposition from 

fibrin deposition 
 Stent fracture 
 Neoatherosclerosis 

Th Th Th 

Neoatherosclerosis Uncovered struts 
Hypersensitivity  

reaction 

Malapposition from 
excessive fibrin 

deposition 

Th 

Late catch-up 

Thick strut DES with durable polymer Thin strut DES with durable polymer 

Late Stent Thrombosis / Restenosis 

 Thinner struts 
 More biocompatible polymer (Durable) 
 Reduced drug dose 

Clinical Late Catch-up 

 Uncovered struts 
 Hypersensitivity 
 Malapposition from 

fibrin deposition 
 Stent fracture 
 Neoatherosclerosis 



Palmerini T, et al. J Am Coll Cardiol. 2015;65:2496-507.  

Definite ST 

Stent 1 vs Stent 2 

CoCr-EES vs BMS 

CoCr-EES vs PES 

PC-ZES vs SES 

CoCr-EES vs SES 

CoCr-EES vs BES 

HR (95% CI) 

0.48 (0.29-0.82) 

0.42 (0.27-0.64) 

0.55 (0.36-0.93) 

0.41 (0.26-0.64) 

0.58 (0.31-1.00) 

0.1 1 10 
Favors Stent 1 Favors Stent 2 

0.1 1 10 
Favors Stent 1 Favors Stent 2 

Stent 1 vs Stent 2 

CoCR-EES vs BMS 

 

CoCr-EES vs PES 

 

CoCr-EES vs SES 

HR (95% CI) 

0.81 (0.64-1.00) 

 

0.81 (0.68-1.00) 

 

0.86 (0.70-1.00) 

Death 

2nd generation DES reduced stent thrombosis 

51 trials that included a total of 52,158 randomized patients with follow up duration  
≥3 years were analyzed. 

PC, Phosphorylcholine polymer–based zotarolimus-eluting stent 



Strut Thickness 140 µm 132 µm 96 µm 89 µm 81 µm   81 µm   

Coat Thickness 7µm / side 16µm/side 14µm/side 6µm / side 8µm / side 8µm / side 

Cypher TAXUS Express 
TAXUS 
Liberte 

Resolute 
Integrity 

Xience  
Alpine 

Promus 
PREMIER 

Evolution of DES Technology 
1st  Generation 2nd Generation 

Durable 
Polymer 
Stents 

Fully 
Bioresorbable 

Stents 

BIOFREEDOM 
 

Drug Filled Stent 
 

BVS 

 

ELIXIR DESolve 
 

 DREAMS II 

1st Generation Future Technologies  

Polymer 
Free 

Stents 

Bioabsorbable 
Polymer 
Stents 

Strut Thickness 120 µm 125 µm 64µm 60µm 74µm 80µm 

Coat Thickness 10 µm 20 µm 
5µm luminal 

15µm Abluminal 
4-7µm / side 4 µm 14 µm 

Biomatrix Nobori MiStent Orsiro Synergy Ultimaster 

Strut Thickness 112 86 150 µm 150 µm 150 µm 

Coat Thickness NA NA 3 µm / side <3 µm / side   8 µm / side 

X X 


