
 

Stent Thrombosis Risk  
of Drug-Eluting 

Stents 



M/58 

11YA STEMI, anterior wall 

PCI with Cypher 

Diabetes, on insulin 

Current smoker 

 

Presentation with STEMI 

Very late ST  
(11Y after Cypher implantation) 



Very late ST (11Y) 
OCT findings 

• Intraluminal thrombi 

• Neoatherosclerosis 

• Ectatic change associated 

with thrombus formation 

 

 



Very late ST (11Y) 
OCT findings 

(A) (B) 

Neoatherosclerosis 

Intraluminal thrombosis 

Ectatic change associated with 

thrombus formation 



Lesion   
 Long lesions  

 Small diameter 

 Multivessel  

 AMI 

 Diabetes 

 Bifurcations 

    Technical 
 Underexpansion 

 Incomplete wall apposition 

 Crush technique 

 Overlapping 

             Patient 
 Antiplatelet noncompliance 

 Plavix bioavailability  

         Stent 
 Material 

 Polymer Matrix 

 Antirestenosis agent 

Stent Thrombosis: a Multifactorial Problem 

Adapted and modified from: Kereiakes D., et. al., Rev Cardiovasc Med. 2004;5(1):9-15.  

Stent 

Thrombosis 

Courtesy of Popma, J 



• DES  delayed vessel wall healing 
         abnormal vascular response  potential for ST 

• Polymer in DES  Thrombogenic nidus 
 

Polymer and late stent thrombosis 

Joner et at. JACC 2006 

DES 

BMS 



The SYNERGY Stent 

Ultrathin Abluminal 
 Coating 

Bioabsorbable 
Polymer Coating 
(PLGA) 
• Abluminal 
• 4µm thick 
• 85:15 ratio  
• <4 month  
      absorption time 

Everolimus-Eluting 
• 100μg/cm2 

• 3 month release time 

• 45% / 55% mix of dru
g and polymer 

 
 
 

Platinum Chromium  
Platform 
• 74μm (0.0029in)  
      strut thickness 
     Visibility 
     Strength  
     Flexibility  
     Conformability 
     Recoil 

 

PLGA rich 
domain* 

Drug rich 
domain* 

Adapted from Boston Scientific 



Synchrony™ Bioabsorbable Coating 

 

Arterial Wall 

Promus PREMIER™ 
Conformal Permanent Polymer 

SYNERGY Stent 
Abluminal PLGA Bioabsorbable Polymer 

20% 
Thinner 
Struts 

78 µm* 
Strut + Polymer 

97 µm 
Strut + Polymer 

• Polymer is gone when no longer needed,  
shortly after completion of drug elution 
at 3 months 
 

• Applied to the abluminal side of the stent,  
designed for optimal healing 
 

• Providing Suppression of neointimal growth  
at the arterial wall & Promotion of healing 
inside the lumen 

Adapted from Boston Scientific 

Thin Abluminal 

Coating 



The SYNERGY Stent  
Synchronous Drug Release & Polymer Absorption 

Kinetics of Drug Release and Polymer Absorption  
in a Preclinical Porcine Model 
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Bennett and Dubois. Biologics: Targets and Therapy. 2013; 7: 149-159  



Bioabsorbable Polymer in Perspective 
Relative Polymer and Drug Absorption Profiles 

Bioabsorbable  
Scaffold 

1 Boston Scientific data on file. 2 World J Cardiol 2011 March 26; 3(3): 84-92. 3Garg, S, J Am Coll Cardiol. 2010;56 (10s1):S43-S78. doi:10.1016. 4 Presented by Stephan Windecker, MD, TCT2012.  

Absorb™ BVS3 

Polymer Scaffold: PLLA 

Polymer Coating: PDLLA 

Absorption Time:  

>2 yrs  

Bioabsorbable Polymer-Coated Stents 

SYNERGY™1  

Stent 

Polymer Coating: PLGA 

Absorption Time:  

3-4 mo 

Polymer Coating: PLA 

Absorption Time:  

>9 mo 

Nobori™2  and 
BioMatrix Flex™3 Stents 

Orsiro™4  

Stent 

Polymer Coating: PLLA 

Absorption Time:  

>12 mo 
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(molecular weight  
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 The SYNERGY Stent‘s polymer is absorbed shortly after 
drug elution ends at 3 months 



PtCr Alloy: Visibility 

Based on 2.5mm stents. Under 6.0mm copper phantom to simulate body mass. 

SYNERGY  
Stent 

Promus 

PREMIER™ 

Stent 

PROMUS 

Element

™ Stent 

Resolute 
Integrity™  

Stent 

XIENCE™  
Xpedition 

Stent 

BioMatrix™ 
Stent 

 

Nobori™  
Stent 

 

Orsiro™  
Stent 

 

ABSORB™ BVS 
Stent 

Alloy PtCr PtCr PtCr CoNi CoCr 
Stainless Stee
l 

Stainless Stee
l 

CoCr PLLA Polymer 

Strut 
Thickness 

74 µm** 81 µm 81 µm 89 µm 81 µm 120 µm 120 µm 60 µm 150 µm 

Even with thin struts the high density of  

Platinum Chromium allows for greater visibility* 



Stent surfaces and inflammatory cytokines 

IL-1β Levels 
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PtCr Surface Elicits Lowest Cytokine Response 
Gold > L605 > MP35N > PtCr 

TNF-α Levels 
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* 
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PtCr displayed higher degrees of endothelial surface coverage compared with 
PVDF-HFP surfaces. 

Eppihimer et al. Circ CVI 2013 



Thin Struts 

Byrne et al. Eur Heart J 2015 



Shear Stress Impacts ST Risk 
Strut Design and Stent Thrombogenicity 

Koskinas et al. JACC 2012 

Thick, rectangular struts promote stent 
thrombogenicity.  

• High ESS (on top of struts) 
→ platelet activatation  
→ ADP release 

• Low ESS (downstream of the strut) → 
activated platelets ↑ 
     re-endothelialization ↓ 
     natural anticoagulant production ↓ 

Thin, circular struts retain physiologic 
ESS, which favors platelet quiescence 
on top of struts and enhances re-
endothelialization and production of 
antithrombotic factors downstream of 
struts 



“Thin strut EES revealed 
significantly less platelet 
aggregation and inflammatory 
cell adhesion in a porcine AV 
shunt model as compared with 
bEES, BES, and BMS.” 

Acute thrombogenicity 
Porcine ex-vivo AV shunt model 

SYNERGY ABSORB 
Biomatrix 

Flex 
BMS 

Koppara et al. Circ CVI 2014 



“Re-endothelialization after arterial denudation and stent implantation was 
significantly greater in thin-strut EES as compared with bEES…” 

Re-endothelialization 
Rabbit model (iliofemoral artery) at 28 days 

SYNERGY ABSORB Biomatrix Flex BMS 

Koppara et al. Circ CVI 2014 



Meredith ● EVOLVE Primary Endpoint ● TCT 2011 ● San Francisco, CA Slide 17 

EVOLVE Study Design 

Randomized 1:1:1 at 29 sites 
(EU, Australia, New Zealand) 

SYNERGY 

N=94 

SYNERGY ½  Dose 

N=99 

PROMUS Element 

N=98 

Single-blind, noninferiority design 

Primary Clinical Endpoint:  TLF (TV-CD, TV-MI, or TLR) at 30 days 

Primary Angiographic Endpoint:  In-stent late loss at 6 months 

Patients with de novo native coronary lesions 

≤ 28 mm in length, RVD ≥2.25 mm ≤ 3.5, %DS>50 

(excluded LM disease, CTO, AMI or recent MI) 
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Late Loss at 6 Months 

P= 0.19* 

P=0.56* 
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TLF at 30 days 

SYNERGY 
½  Dose 

PROMUS 
Element 

SYNERGY 

P=0.49* 

P=0.25* 

Noninferiority was proven because the upper 95.2% confidence bound of the  
difference in 6-month late loss is <0.20 for both SYNERGY stents (Pnoninferiority<0.001)  

Intent-to-treat; Mean + Standard Deviation; *P values for superiority comparison 

Meredith et al. JACC 2012; 59 (15): 1362-70 



7.2% 

Target Lesion Failure 
5-year Follow-up 

Safety Population; KM Event Rate; log-rank P values 

TL
F 

(%
) 

0 

20 

Numbers at risk 

5.5% 

PE vs SYNERGY      HR 0.77 [0.24, 2,42] P=0.65 
PE vs SYNERGY ½   HR 0.74 [0.23, 2.32] P=0.60 

5.2% 

PE 98 98 93 92 92 67 
SYNERGY 92 90 86 83 82 61 
SYNERGY ½  
Dose 

99 92 90 88 88 65 

1 2 3 0 Years 4 5 

…………….. 

Protocol-required  
angiogram 



5-Year Clinical Outcomes 
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PROMUS Element SYNERGY SYNERGY ½  Dose

Number of Events (N) 
Safety Population; KM Event Rates; All P values are >0.05 

Components of TLF 

(7)   (5)   (5)         (6)   (1)   (1)        (1)   (3)    (3)               (1)   (1) 



 



 



 



 





• To compare the safety of contemporary DES including BVS in terms of th
e risk of stent thrombosis (ST) or device thrombosis.  

Study Aim 

• We performed a systematic 
literature review of 
randomized controlled trials 
and updated a multiple-
treatment network meta-
analysis using a Bayesian 
framework. 



Flow Diagram of Systematic Review 
Medline 

(N=1,102) 

Embase 

(N=976) 

CENTRAL 

(N=732) 

Articles after duplication removed (N=2,516) 

Full article obtained (N=322) 

Articles excluded (N=2,194) 
   - Irrelevant subjects, patients, or outcomes (N=1,573) 
   - Editorials, comments (N=84) 
   - Review or meta-analysis (N=97) 
   - Observational studies (N=87) 
   - Stents other than study stents compared (N=147) 
   - Substudy of RCT (N=143) 
   - Pooled analysis of RCTs (N=39) 
   - Design paper only (N=17) 
   - Other language (N=1) 
   - Comparison within the same category (N=6) 

Articles excluded (N=53) 
   - Duplicated (N=6) 
   - Specific type of DES not defined (N=5) 
   - Irrelevant outcomes – no clinical events reported (N=20) 
   - Observational studies (N=7) 
   - Stents other than study stents compared (N=4) 
   - Substudy of RCT (N=9) 
   - Pooled analysis of RCTs (N=1) 
   - Retracted due to violation of ethical policy (N=1) 

Online 

(N=947) 

Articles included after manual search (N=13) 

Articles included (N=283) 

Trials included (N=147) 



147 trials with 126,526 patients  

Network Plot of Included Trials 

(N=11,986) 

BMS 
(N=19,684) 

PES 

(N=27,802) 

SES 

E-ZES 
(N=10,344) 

CoCr-EES 
(N=24,267) 

PtCr-EES 
(N=5,382) 

R-ZES 
(N=7,895) 

BP-BES 
(N=10,671) 

O-SES 
(N=2,872) 

(N=2,332) 

BVS 

BP-EES 
(N=945) 

(N=2,335) 

Dual DES 



• Open-label / single-blind designs > a double-blind design 

• Clinical outcome assessment blinding in 66% of the trials 

Risk of Bias Assessment 

0% 20% 40% 60% 80% 100%

Free of other bias

Free of selective reporting

Incomplete outcome data addressed

Blinding of clinical outcome assessment

Blinding (treating physician)

Blinding (study patient)

Allocation concealment

Random sequence generation

Yes (Low risk of bias) Unclear No (High risk of bias)



  BMS PES BVS E-ZES SES BP-BES R-ZES CoCr-EES Dual DES O-SES PtCr-EES BP-EES 

vs. BMS - 
0.87  

(0.64-1.18) 

0.73  

(0.31-2.06) 

0.64  

(0.43-0.90) 

0.51  

(0.38-0.69) 

0.48 

 (0.31-0.72) 

0.37  

(0.21-0.63) 

0.31 

(0.22-0.44) 

0.28  

(0.10-0.69) 

0.25  

(0.13-0.48) 

0.22  

(0.09-0.55) 

0.12  

(0.02-0.72) 

vs. PES 
1.15  

(0.85-1.56) 
- 

0.85  

(0.36-2.34) 

0.73  

(0.50-1.05) 

0.59 

(0.45-0.80) 

0.55  

(0.33-0.85) 

0.43  

(0.24-0.71) 

0.36  

(0.26-0.49) 

0.32  

(0.12-0.78) 

0.29  

(0.15-0.55) 

0.26  

(0.10-0.62) 

0.13  

(0.02-0.84) 

vs. BVS 
1.38  

(0.49-3.21) 

1.18  

(0.43-2.77) 
- 

0.88  

(0.29-2.09) 

0.71  

(0.25-1.65) 

0.65  

(0.22-1.59) 

0.51  

(0.17-1.22) 

0.44  

(0.16-0.93) 

0.39  

(0.10-1.22) 

0.35  

(0.11-0.91) 

0.31  

(0.08-0.96) 

0.16  

(0.02-1.15) 

vs. E-ZES 
1.57  

(1.11-2.31) 

1.36  

(0.95-2.00) 

1.13  

(0.48-3.39) 
- 

0.81  

(0.57-1.17) 

0.75  

(0.44-1.25) 

0.58  

(0.32-1.03) 

0.49  

(0.33-0.75) 

0.44  

(0.16-1.08) 

0.40  

(0.21-0.80) 

0.35  

(0.14-0.89) 

0.18  

(0.03-1.15) 

vs. SES 
1.95  

(1.45-2.61) 

1.70  

(1.25-2.23) 

1.41  

(0.61-3.93) 

1.24  

(0.85-1.77) 
- 

0.93  

(0.61-1.37) 

0.72  

(0.42-1.17) 

0.61  

(0.44-0.81) 

0.54  

(0.21-1.30) 

0.50  

(0.27-0.92) 

0.43  

(0.17-1.03) 

0.24  

(0.04-1.42) 

vs. BP-BES 
2.10  

(1.39-3.25) 

1.81  

(1.18-3.06) 

1.54  

(0.63-4.52) 

1.33  

(0.80-2.28) 

1.07  

(0.73-1.63) 
- 

0.77  

(0.45-1.29) 

0.66  

(0.43-0.99) 

0.58  

(0.22-1.44) 

0.53  

(0.30-0.96) 

0.47  

(0.19-1.12) 

0.25  

(0.04-1.55) 

vs. R-ZES 
2.69  

(1.59-4.79) 

2.33  

(1.41-4.12) 

1.96  

(0.82-5.87) 

1.71  

(0.97-3.12) 

1.39  

(0.85-2.41) 

1.30  

(0.78-2.23) 
- 

0.84  

(0.55-1.38) 

0.74  

(0.34-1.62) 

0.69  

(0.35-1.42) 

0.60  

(0.27-1.38) 

0.32  

(0.06-1.93) 

vs. CoCr-EES 
3.20  

(2.27-4.54) 

2.79 

(2.03-3.88) 

2.28  

(1.07-6.29) 

2.02  

(1.33-3.07) 

1.63  

(1.23-2.26) 

1.53  

(1.01-2.31) 

1.18  

(0.73-1.83) 
- 

0.89  

(0.35-2.10) 

0.80  

(0.47-1.44) 

0.71  

(0.30-1.65) 

0.38  

(0.06-2.33) 

vs. Dual DES 
3.63  

(1.44-9.57) 

3.13 

 (1.27-8.27) 

2.59  

(0.82-10.3) 

2.29  

(0.92-6.10) 

1.86  

(0.77-4.82) 

1.71  

(0.70-4.48) 

1.35  

(0.62-2.94) 

1.12  

(0.48-2.82) 
- 

0.94  

(0.33-2.64) 

0.82  

(0.26-2.53) 

0.42  

(0.06-3.21) 

vs. O-SES 
3.94  

(2.10-7.52) 

3.40  

(1.80-6.48) 

2.83  

(1.10-8.90) 

2.50  

(1.26-4.85) 

2.02  

(1.09-3.74) 

1.88  

(1.04-3.37) 

1.45  

(0.71-2.89) 

1.24  

(0.69-2.14) 

1.06  

(0.38-2.99) 
- 

0.87  

(0.32-2.36) 

0.45  

(0.07-3.06) 

vs. PtCr-EES 
4.56  

(1.82-11.3) 

3.87  

(1.60-9.81) 

3.28  

(1.04-12.1) 

2.88  

(1.12-7.28) 

2.31  

(0.97-5.76) 

2.12  

(0.89-5.27) 

1.67  

(0.73-3.76) 

1.42  

(0.60-3.34) 

1.22  

(0.39-3.80) 

1.15  

(0.42-3.14) 
- 

0.53  

(0.11-2.50) 

vs. BP-EES 
8.51  

(1.39-54.7) 

7.44  

(1.19-46.9) 

6.13  

(0.87-49.5) 

5.50  

(0.87-33.8) 

4.24  

(0.70-27.6) 

4.05  

(0.65-26.1) 

3.09  

(0.52-18.2) 

2.64  

(0.43-16.5) 

2.36  

(0.31-16.2) 

2.20  

(0.33-14.8) 

1.90  

(0.40-8.84) 
- 

Risk of definite or probable ST at 1 Year 

• All DES except for PES and BVS > BMS  
• All the others except BVS > PES 
• CoCr-EES, O-SES, and PtCr-EES > BVS and E-ZES 
• CoCr-EES and O-SES > SES and BP-BES.  



Stent Thrombosis 
definite or probable ST at 1 year 

Control OR (95%CrI) 
BMS 
PES 
BVS 

E-ZES 
SES 

BP-BES 
R-ZES 

CoCr-EES 
Dual DES 

O-SES 
PtCr-EES 

BP-EES 

0.01 0.1 1 10 

Favors BP-EES Favors comparator 



Rankogram 
definite or probable ST at 1 year 
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Control OR (95%CrI) 

BMS 

PES 

BVS 

E-ZES 

SES 

BP-BES 

R-ZES 

CoCr-EES 

Dual DES 

O-SES 

PtCr-EES 

BP-EES 

Control OR (95%CrI) 

BMS 

PES 

BVS 

E-ZES 

SES 

BP-BES 

R-ZES 

CoCr-EES 

Dual DES 

O-SES 

PtCr-EES 

BP-EES 

(A) PtCr-EES vs. comparators (B) R-ZES vs. comparators 

Favors R-ZES Favors control 

0.25 0.5 1 2 4 8 0.125 0.25 0.5 1 2 4 

Favors PtCr-EES Favors control 

(BP-EES ≒ PtCr-EES ≒ O-SES ≒ Dual DES ≒ CoCr-EES) 
 > (ZES-R ≥ BP-BES ≥ SES) > (E-ZES) > (BVS ≥ PES ≥ BMS) 

Stent Thrombosis 
definite or probable ST at 1 year 



Control OR (95%CrI) 

BMS 

PES 

BVS 

E-ZES 

SES 

BP-BES 

R-ZES 

CoCr-EES 

Dual DES 

O-SES 

PtCr-EES 

BP-EES 

Control OR (95%CrI) 

BMS 

PES 

BVS 

E-ZES 

SES 

BP-BES 

R-ZES 

CoCr-EES 

Dual DES 

O-SES 

PtCr-EES 

BP-EES 

(C) O-SES vs. comparators (D) BVS vs. comparators 

Favors O-SES Favors control Favors BVS Favors control 

0.125 0.25 0.5 1 2 4 0.5 1 2 4 8 16 

(BP-EES ≒ PtCr-EES ≒ O-SES ≒ Dual DES ≒ CoCr-EES) 
 > (ZES-R ≥ BP-BES ≥ SES) > (E-ZES) > (BVS ≥ PES ≥ BMS) 

Stent Thrombosis 
definite or probable ST at 1 year 



• All currently available DES including biocompatible DP-DES, BP-DES, and 

polymer-free dual DES were associated with low risk of ST when 

compared to BMS or first-generation devices. 

• In particular, BP-EES, PtCr-EES, O-SES, and CoCr-EES exhibited excellent 

safety. 

• The risk of device thrombosis after treatment with BVS was significantly 

higher than that of CoCr-EES, PtCr-EES, or O-SES. 

Summary 



EVOLVE II trial 

Risk of Stent Thrombosis 



EVOLVE II trial 

Definite/Probable ST after 24 hours to 3-Years 



 



 



BIO-RESORT (TWENTE III) 
definite or probable ST at 1 year 

von Birgelen et al. Lancet 2016 



SCAAR Registry 
(A) Restenosis (B) Definite stent thrombosis 

Sarno et al. EHJ 2012 



 

Stefan James TCT 2016 



Dual antiplatelet therapy 
M/56 

STEMI, lateral wall 

 

PCI with Absorb (3.0 x 18 mm) 



Discharge with aspirin + ticagrelor 

With considering extended period of DAPT.. 

Dual antiplatelet therapy 
Pre-PCI Post-PCI 



Post-PCI 2M 

ER admission for melena 

EGD: R/O benign ulcer 

Post-PCI 4M 

Epigastric pain & melena 

Biopsy: adenocarcinoma 

Dx: AGC, stage IV 

Palliative chemotherapy 

Post-PCI 7M 

Hematemesis & 
melena 

Switch to single 
antiplatelet therapy 

Patient Course 



EVOLVE Short DAPT Study 

clinicaltrials.gov ID: NCT02605447 

“The EVOLVE Short DAPT study was designed 
to evaluate the safety of a planned DAPT 
duration of 3 months with the SYNERGY Stent 
in patients at high risk for bleeding.” 

Laura Mauri, PI 



SENIOR trial 
(SYNERGY II Everolimus elutiNg stent In patients Older than 75 years undergoing 
coronary Revascularisation associated with a short dual antiplatelet therapy) 

Varrene et al. Eurointervention 2015 



Superior Deliverability 
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Lesion Entry Profile 
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Kereiakes et al. The EVOLVE II Trial. Circ Cardiovasc Interv. 2015 

P=0.04 



116 complex PCI cases 

bail-out strategy after failed implantation of a second generation DES 
(Promus Element, Xience Prime, Resolute Integrity) 

SYNERGY as a bail-out strategy 

Sharar et al. CRT 2016 



• Stent thrombosis is a multifactorial problem, which 
is associated with high risk of mortality and 
morbidity. 

• Contemporary thin-strutted DES showed low risk of 
stent thrombosis. 

• SYNERGY biodegradable polymer everolimus-
eluting stent showed long-term safety and efficacy. 

• Definite/probable stent thrombosis risk was 
especially low with SYNERGY. 

Conclusion 


