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1.  Thrombosis after metallic DES is a potentially lethal 
complication of PCI, particularly when early1, and occurs due 
to multifactorial processes involving patient, lesion, and 
procedural factors.2,3 

2.  The risks of late and very late stent thrombosis is lower with 
current-generation DES compared with first-generation DES.4  

3.  BRS promise to abolish very late “in-marker” thrombosis due 
to the disappearance of the device. Indeed, early registries 
and trials5-9 have challenged the initial belief that BRS are 
immune from scaffold thrombosis. 

The Story So Far 

1 Secemsky EA et al. Am J Cardiol 2015;115:1678-84. 2 Kolandaivelu K, et al. Circulation 2011; 123:1400-09. 3 Iakovou I, et al. J 
Am Med Assoc 2005; 293:2126-30. 4 Palmerini T, et al. J Am Coll Cardiol. 2013;62:1915-21. 5 Capodanno D, et al. 
EuroIntervention. 2015;10:1144-53. 6 Serruys PW, et al. Lancet. 2015;385:43-54.  7 Puricel S, et al. J Am Coll Cardiol. 
2015;65:791-801. 8 Sabaté et al, Eur Heart J 2015 [ePub Ahead of print]. 9 Kimura T, et al. Eur Heart J 2015 [ePub Ahead of 
Print]  
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INCIDENCE AND TIMING OF  
SCAFFOLD THROMBOSIS  
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BRS Thrombosis in Early Registries 
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*FIxed effects weighted proportions (95% confidence intervals) for published BRS studies as of April 2015.  
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Capodanno D, et al. EuroIntervention. 2015;10:1144-53 
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What about Late Thrombosis? 
GHOST-EU: 1,189 patients, 1,731 Absorb BVS from 10 centers 

+0.12% per month 
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What about Very Late Thrombosis? 

16 months 

Cortese B, et al.  
Int J Cardiol. 
2015;189:132-3 

19 months 

Ielasi A, et al.  
JACC Interv. 
2015;8:171-2 

14 months 
Azzalini L, et al.  
EuroIntervention. 
2015;11:1-2 

18 months 
Timmers L, et al.  
Eur Heart J. 
2015;36:393 

22 months 
Sato T, et al.  
Eur Heart J. 
2015;36:1273 

24 months 

Karanasos A, et al.  
Eur Heart J. 
2014;35:1781 
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Timing of BRS Thrombosis is Evenly 
Distributed from Acute to Very Late 

 Karanasos A, et al. Circ Cardiovasc Interv. 2015 [ePub Ahead of print] 
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14 cases of definite ST out of 733 patients treated with BRS (1.9%) 
(Thoraxcenter, Rotterdam - September 2012-June 2014) 
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HOW DO THESE FIGURES  
COMPARE WITH METALLIC DES? 
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ABSORB II1 EVERBIO II2 TROFI II3 ABSORB-J4 
BRS EES BRS EES BRS EES BRS EES 

Definite  2/335 0/166 0/78 0/80 1/95 0/96 4/262 1/133 

Acute 1/335 0/166 0/78 0/80 0/95 0/96 0/266 0/133 

Subacute 1/335 0/166 0/78 0/80 1/95 0/96 3/265 1/133 

Late 0/335 0/166 0/78 0/80 0/95 0/96 1/262 0/133 

Definite or probable 3/335 0/166 0/78 0/80 1/95 0/96 4/262 2/133 

Acute 1/335 0/166 0/78 0/80 0/95 0/96 0/266 0/133 

Subacute 1/335 0/166 0/78 0/80 1/95 0/96 3/265 1/133 

Late 1/335 0/166 0/78 0/80 0/95 0/96 1/262 1/133 

Scaffold or Stent Thrombosis in 
Randomized Trials of BRS versus EES 

1 Serruys PW, et al. Lancet. 2015;385:43-54. 2 Puricel S, et al. J Am Coll Cardiol. 2015;65:791-801. 3 Sabaté et al, Eur Heart J 2015 [ePub 
Ahead of print]. 4 Kimura T, et al. Eur Heart J 2015 [ePub Ahead of Print]  

6-12 months 
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Patients BRS EES OR [95% CI]* BRS:EES 

Definite  1,245 0.9% 0.2% 2.80 (0.65-12.07) 
Acute 1,249 0.1% 0.0% 4.46 (0.07-287.01) 
Subacute 1,248 0.6% 0.2% 2.37 (0.44-12.78) 
Late 1,245 0.1% 0.0% 4.52 (0.07-285.71) 

Definite or probable 1,245 1.0% 0.4% 1.97 (0.53-7.31) 
Acute 1,249 0.1% 0.0% 4.46 (0.07-287.01) 
Subacute 1,248 0.6% 0.2% 2.37 (0.44-12.78) 
Late 1,245 0.3% 0.2% 1.01 (0.09-11.10) 

Scaffold or Stent Thrombosis in 
Randomized Trials of BRS versus EES 

Pooled analysis of ABSORB II, EVERBIO II, TROFI II and ABSORB-JAPAN.  Crude rates of device thrombosis are calculated for BRS and 
EES. (n/N) *FIxed effects Peto odds ratio (95% confidence intervals) for infrequent events. No correction for zero cells applied.  

0.1 1 10 

6-12 months 
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MECHANISMS AND TRIGGERS 
OF SCAFFOLD THROMBOSIS  
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Capodanno D, et al. EuroIntervention. 2015;11 Suppl V:V181-4  

Putative Mechanisms of BRS thrombosis 

Patient-related 
factors 

Anatomy-related 
factors 

Procedure-
related factors 

Device-related 
factors 

Smoking 

Diabetes mellitus 

Renal failure 

Poor ventricular function 

Diffuse disease 

Small vessel disease 

Bifurcation lesion 

Chronic total occlusion 

Acute coronary syndrome 

Inadequate expansion or sizing 

Incomplete apposition 

Hypersensitivity or inflammation 

Delayed or incomplete healing 

Thick-strut design 

DAPT discontinuation 

Resistance to antiplatelets 

Thrombocytosis 

Malignancy 

Saphenous vein graft 

Thrombus containing lesion 

Inflow or outflow tandem lesions 

Stasis 

Surgical procedures 

Deployment in necrotic core 

Residual edge dissection 

Late-acquired malapposition 

Aneurysm formation 

Neoatherosclerosis 
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 Karanasos A, et al. Circ Cardiovasc Interv. 2015  
[Data Supplement, ePub Ahead of print] 

Case Type Days ACS DAPT 
cessation Bifurcation Incomplete 

coverage ISA Poor 
expansion 

Loss of 
integrity 

#1 Acute 0 Yes No No Yes N/A No No 
#2 Acute 0 Yes No No Yes Yes No No 
#3 Acute 1 Yes No No Yes N/A No No 
#4 Acute 1 Yes No No No Yes No No 
#5 Subacute 2 No No No No No No No 
#6 Subacute 17 Yes No No No Yes Yes No 
#7 Late 47 Yes No Yes No Yes No No 
#8 Late 112 No No No No Yes Yes No 
#9 Late 129 No Yes Yes No No No No 

#10 Late 142 Yes No Yes Yes No No No 
#11 Late 161 No Yes No No Yes Yes Yes 
#12 Very Late 371 Yes No No No Yes No No 
#13 Very Late 478 Yes No No No Yes No Yes 
#14 Very late 675 No No No No Yes No Yes 

Patient 
related 

Lesion 
related 

Procedure 
related  

Device 
related 

B-SEARCH 
Registry 
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[Data Supplement, ePub Ahead of print] 



Update on BRS thrombosis - Capodanno 

Ferrarotto Hospital 
AOU Policlinico-Vittorio Emanuele 
Catania, Italy 

EBC 2015, October 26, 2015 – Slide 15 

Case Type Days ACS DAPT 
cessation Bifurcation Incomplete 

coverage ISA Poor 
expansion 

Loss of 
integrity 

#1 Acute 0 Yes No No Yes N/A No No 
#2 Acute 0 Yes No No Yes Yes No No 
#3 Acute 1 Yes No No Yes N/A No No 
#4 Acute 1 Yes No No No Yes No No 
#5 Subacute 2 No No No No No No No 
#6 Subacute 17 Yes No No No Yes Yes No 
#7 Late 47 Yes No Yes No Yes No No 
#8 Late 112 No No No No Yes Yes No 
#9 Late 129 No Yes Yes No No No No 

#10 Late 142 Yes No Yes Yes No No No 
#11 Late 161 No Yes No No Yes Yes Yes 
#12 Very Late 371 Yes No No No Yes No No 
#13 Very Late 478 Yes No No No Yes No Yes 
#14 Very late 675 No No No No Yes No Yes 

Patient 
related 

Lesion 
related 

Procedure 
related  

Device 
related 

B-SEARCH 
Registry 

 Karanasos A, et al. Circ Cardiovasc Interv. 2015  
[Data Supplement, ePub Ahead of print] 



Update on BRS thrombosis - Capodanno 

Ferrarotto Hospital 
AOU Policlinico-Vittorio Emanuele 
Catania, Italy 

EBC 2015, October 26, 2015 – Slide 16 

Very Late Thrombosis in Case Reports 

16 months 

Cortese B, et al.  
Int J Cardiol. 
2015;189:132-3 

19 months 

Ielasi A, et al.  
JACC Interv. 
2015;8:171-2 

14 months 
Azzalini L, et al.  
EuroIntervention. 
2015;11:1-2 

18 months 
Timmers L, et al.  
Eur Heart J. 
2015;36:393 

22 months 
Sato T, et al.  
Eur Heart J. 
2015;36:1273 

24 months 

Karanasos A, et al.  
Eur Heart J. 
2014;35:1781 
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PREVENTION AND MANAGEMENT  
OF SCAFFOLD THROMBOSIS 
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7 Golden Rules in BRS Thrombosis Prevention 
1.  Avoid situations with pronounced mismatch between scaffold 

and artery size 

2.  Avoid BRS in patients at risk for DAPT cessation, consider 
platelet function testing 

3.  Respect the postdilatation limits 

4.  Minimize the overlap length 

5.  Ensure complete coverage of the lesion and injured segments, 
including angiographically apparent edge dissections after 
predilatation and thrombus in acute coronary syndromes 

6.  Avoid underexpansion and acute malapposition 

7.  Use invasive imaging guidance liberally 
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DAPT Duration in Clinical Guidelines 
Population ESC Guidelines ACCF/AHA/SCAI Guidelines 
Acute Coronary Syndrome  
(BMS or DES) 

Maximum of 12 months  
(Class I-A) 
 
Shorter or longer durations 
may be considered  
(Class IIb-A) 

At least 12 months  
(Class I-B) 
 
Longer durations may be 
considered in pts w/ DES (Class 
IIb-C) 

Stable Ischemia and BMS  At least 1 month 
(Class I-A) 

At least 1 month, ideally up to 12 
months 
(Class I-B) 

Stable Ischemia and DES 6 months 
(Class I-B) 

At least 12 months  
(Class I-B) 

Secondary Prevention Selected patients at high 
ischemic risk 

May be considered 
(Class IIb-B) 

Roffi	
  M,	
  et	
  al.	
  2015	
  ESC	
  Guidelines	
  for	
  Management	
  of	
  ACS.	
  	
  EHJ	
  2015	
  (Online	
  Aug	
  29,	
  2015).	
  Windecker	
  S,	
  et	
  al.	
  2014	
  ESC/EACTS	
  Guidelines	
  
on	
  Myocardial	
  Revasculariza5on.	
  EHJ	
  2014;35:3541-­‐619.	
  Amsterdam	
  EA,	
  et	
  al.	
  2014	
  AHA/ACC	
  Guideline	
  for	
  Management	
  of	
  NSTE-­‐ACS.	
  
JACC	
  2014;64:e139-­‐228.	
  Montalescot	
  G,	
  et	
  al.	
  2013	
  ESC	
  Guidelines	
  on	
  Management	
  of	
  Stable	
  CAD.	
  EHJ	
  2013;34:2949-­‐3003.	
  Levine	
  GN,	
  et	
  
al.	
  2011	
  ACCF/AHA/SCAI	
  Guidelines	
  for	
  PCI.	
  	
  JACC	
  2011;58:e44-­‐122.	
  	
  Smith	
  SC	
  Jr,	
  et	
  al.	
  2011	
  AHA/ACCF	
  Secondary	
  Preven5on	
  Guidelines.	
  	
  
JACC	
  2011;58:2342-­‐46.	
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Minimum DAPT duration As Mandated 
By Study Protocol in ABSORB Trials 

 1 month  3 months  6 months  9 months  12 months 

ABSORB Japan  
 n = ~400, Japan Pivotal RCT 

ABSORB China  
 n = ~440, China Pivotal RCT 

ABSORB II  
 n = ~501, International RCT 

ABSORB Cohort B  
 n = 101; FIM 

ABSORB Cohort A  
 n = 30; FIM 

ABSORB III  
 n = ~2,250, US Pivotal RCT 

ABSORB IV 
 n = ~3,000, US RCT 

PCI 

PCI 

PCI 

PCI 

PCI 

PCI 

PCI 
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Tamburino C, et al. EuroIntervention. 2015;11:45-52 

Management of early BRS thrombosis 
Thrombectomy 

Optical coherence tomography 

Edge dissection 

Treatment with 
new scaffold  

or stent 

Fracture 

Treatment with  
a metallic stent 

Malapposition 

Consider the 
desired final 

diameter 

Outside the 
maximal allowed 

limit of the 
scaffold range 

Treatment with  
a metallic stent 

Inside the 
maximal allowed 

limit of the 
scaffold range 

Post-dilatation 
with a NC 
balloon 

Underexpansion 

Post-dilatation 
with a NC 
balloon 

No mechanical 
complications 

Consider to 
optimize BRS 
size with a NC 

balloon 



Update on BRS thrombosis - Capodanno 

Ferrarotto Hospital 
AOU Policlinico-Vittorio Emanuele 
Catania, Italy 

EBC 2015, October 26, 2015 – Slide 22 

1.  Device thrombosis remains an issue with contemporary BRS, with the 
timing of the event evenly distributed from acute to very late thrombosis. 

•  Similar to metallic stents, the leading morphological substrate of acute and 
subacute BRS thrombosis is suboptimal implantation (i.e., incomplete lesion 
coverage, acute malapposition, and underexpansion) 

•  Late and very late BRS thrombosis is mostly observed in the presence of 
regional suboptimal flow conditions (i.e. overlaps, persistent and acquired 
malapposition, strut discontinuity) and delayed healing, and it is often triggered 
by DAPT discontinuation. 

2.  Prevention of BRS thrombosis involves careful patient selection, best 
implantation practices and long-term DAPT. 

3.  Optimal management of BRS thrombosis carries many unknowns, 
including the uncertain outcome of strategies that may be valid with 
metallic DES but potentially hazardous with a breakable device, 
particularly when bioresorption has started. 

dcapodanno@gmail.com 

Closing Remarks 


