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Starting question 

What should we assess with OCT in 
stented bifurcations in the long term? 

? ? 
Neointimal healing process 

Pathologists Intervent cardiologists 

You cannot assess 
neointimal healing 

Yes, we can! 



Neointimal healing 

In current conventional OCT analysis, Se & Sp 
of coverage in a single strut are <100% 

•  Healing in Pathology 
–  Neointimal coverage 
–  Fibrin / thrombus 
–  Endothelialization 
–  Granulation tissue 
–  Inflammation 

•  Neointima is indiscernible from: 
–  Fibrin / platelet-rich thrombus 
–  Granulation tissue 

•  Layers <14µm remain undetected 
•  Special techniques to improve Se/Sp 

–  Light intensity (linear raw signal) 
–  Integrated OFDI-NIRF 

OCT 

van der Giessen, Circulation 1996 

van Beusekom, EuroIntervention 2010 ↓ Sp 

↓ Se 

Neointimal healing process 
Pathologists Intervent cardiologists 

You cannot assess 
neointimal healing 

Yes, we can! 



Neointimal healing 

Coverage in OCT is a good in vivo proxy for 
neointimal healing in a stented segment 

•  Coverage detected by OCT in a 
stented segment correlates with 
neointimal coverage in Histology 
–  Experimental evidence 
–  After maximal healing reaction 
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Coverage 
•  In vivo proxy for neointimal healing 

–  % uncovered struts 
•  Validated after completion of the 

neointimal healing process 
–  Uncertainty at earlier stages 

•  Huge amount of information 
–  Tiny methodological details, big impact 
–  Clustered data:  

•  Complex statistical analysis 
•  % of uncovered struts??? 

Equally relevant? 

More relevant? 



Coverage 
What is the interest of 
assessing coverage? ? It might predict propensity 
to stent thrombosis 
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Subacute Late Very late 

Patient 
Disease 

Procedure 
Incomplete 
coverage 

Hypersensitivity 
Neoatherosclerosis 

Which kind of stent thrombosis? 
BMS neointimal healing 

DES neointimal healing 
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Coverage 
What is the interest of 
assessing coverage? ? It might predict propensity 
to stent thrombosis 
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Patient 
Disease 

Procedure 
Incomplete 
coverage 

Hypersensitivity 
Neoatherosclerosis 

Which kind of stent thrombosis? 
BMS neointimal healing 

DES neointimal healing 

It might predict propensity 
to LATE stent thrombosis 



Clinical trial LEADERS 
HORIZONS

-AMI 
RESOLUTE

-AC 
Patients (n) 1707 3006 2292 
Stents BES vs. SES PES vs. BMS R-ZES vs. EES 
Follow-up 9m 6m 13m 

Differences in LATE def+prob ST? 2.6% vs. 2.2% 
p=0.66 

3.2% vs. 3.4% 
p=0.77 

1.6% vs. 0.7% 
p=0.05 

•  Coverage as predictor of stent thrombosis 
–  Discouraging results 

Coverage 
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Clinical trial LEADERS 
HORIZONS

-AMI 
RESOLUTE

-AC SYRTAX 
Patients (n) 1707 3006 2292 1012 
Stents BES vs. SES PES vs. BMS R-ZES vs. EES SES vs. PES 
Follow-up 9m 6m 13m 9m 

Differences in LATE def+prob ST? 2.6% vs. 2.2% 
p=0.66 

3.2% vs. 3.4% 
p=0.77 

1.6% vs. 0.7% 
p=0.05 

0.2% vs. 0.4% 
p=0.57 

OCT substudy (5y) 
Patients (n) 56 118 58 88 

Differences in uncovered struts? 0.6% vs.2.1% 
p=0.04 

5.7% vs. 1.1% 
p<0.0001 

7.4% vs, 5.8% 
p=0.378 

1.5% vs. 1.0% 
P=0.32 

We must give it still some thoughts 

There are also a few encouraging results 

Significant Non-significant 



BES SES 

•  LEADERS trial (NCT00389220) 
–  Stents compared: 

•  Biomatrix  (n=857) 
–  BES 
–  Biodegradable polymer 
–  Abluminal coating 

•  Cypher Select  (n=850) 
–  SES   
–  Durable polymer 
–  Conformal coating 

–  Non-inferiority of BES at 9m: 
•   Cardiac death + MI + TVR 

–  No differences in late ST rates 
–  OCT substudy 

•  Better coverage in BES at 9m 

9m	  

BES	   SES	  

? 

Coverage 

ADL 

ABL 



9m 24m 

•  Coverage of SES improves 
between 9-24 months 

•  No difference BES-SES at 24m 

Coverage 

•  LEADERS trial 
(NCT00389220) 



ADL 

ABL 

Coverage 
•  Abluminal coating 
•  Poly-lactide biodegradable polymer 

–  Hydrolysis degradation in 9-12m 



•  Findings consistent with the mechanisms of ST 
–  Similar coverage  -   Similar late ST 
–  No polymer  -   Lower very late ST 

•  Faster coverage rate in BES 
–  Duration of DAPT?   (Unexplored) 
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Incomplete 
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•  Acute ISA associated with: 
–  Delayed coverage 
–  Very late stent thrombosis 

Incomplete stent 
apposition (ISA) 



•  Several studies have 
reported more ISA: 
–  In the polygon of confluence 
–  Ipsilateral to the SB 

Incomplete stent 
apposition (ISA) 
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Crenellated pattern Bridged pattern 

Incomplete stent 
apposition (ISA) 

•  Neointimal healing reaction 
tends to correct ISA: 
–  71.5% acute ISA regions 
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Partially bridged pattern Bridged pattern 

Incomplete stent 
apposition (ISA) 

•  Neointimal healing reaction 
tends to correct ISA: 
–  71.5% acute ISA regions 

reapposed at 6-13 months 
–  Healing patterns of ISA 

Post implant FU Post implant FU 
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Incomplete stent 
apposition (ISA) 



Likelihood at follow-up of	  
Resolved 

ISA (%)	  
Grossly covered 

(%)	  
Persistent 

ISA (%)	  
Grossly delayed 

healing (%)	  

Max ISA distance 
(µm)	  

< 270	   100	   100	   ≥ 270	   46.15	   20.5	  
< 350	   94.9	   100	   ≥ 350	   57.1	   26.9	  
< 400*	   92.7	   97.6	   ≥ 400	   57.7	   28.6	  
< 520	   83.3	   92.6	   ≥ 520	   69.2	   30.8	  
< 850	   75.4	   87.9	   ≥ 850	   100	   100	  

Incomplete stent 
apposition (ISA) 

•  Spontaneous resolution and 
coverage depend on ISA size: 
–  ISA volume 
–  Maximal ISA distance 
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•  Overlaps: 
–  Double drug dose:  Delayed healing 
–  Double metal-to-artery ratio:  Hyperplasia 

•  Histology: 
–  Delayed healing in DES overlaps 

•  Angiography in pt with overlap: 
–  Predilect site for restenosis 
–  Higher: 

•  Late loss 
•  TLR 
•  Death + MI 

Finn, Circulation 2005 

Technique-dependent issues: 
double layers 



Technique-dependent issues: 
double layers 

•  OCT: 
–  ODESSA: 

•  No differences overlaps / non-overlaps 
–  Coverage 
–  NIH 

–  Heterogeneous effect 
•  Some cases overlaps > non-overlaps 
•  Some cases viceversa 

Uncoverage NIH thickness ratio 

Gutiérrez-Chico et al.  Am Heart J (in press) 



•  NASB (jailing) struts 
–  Delayed coverage with 

respect to well apposed 
•  Important : provisional 

stenting is becoming default 
technique for bifurcation 

–  Better coverage than ISA 

•  Less diseased underlying 
vessel? 

•  Floating struts (mid-lumen) 
–  Still no evidence 

Technique-dependent issues: 
non-apposed side-branch struts (NASB) 
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•  Scarce evidence hitherto 
•  Long term results of Tryton 

device (dedicated “reverse culotte”) 
–  N=13 
–  Good coverage 

•  Distal > proximal 

–  High restenosis rates 

Specific evidence on 
bifurcations 

RUTSS 

4.00 
0.73 

0.00 

2.47 



Conclusions 

•  Coverage by OCT estimates the degree of 
neointimal healing 

•  Association coverage / risk of thrombosis 
–  Still not clear at all 

•  Dettached struts (ISA, NASB) 
–  Delayed healing 
–  Higher risk of stent thrombosis (ISA) 

•  ISA tends to be reduced over time 
–  Max ISA distance <270 µm:  100% corrected 
–  Max ISA distance <400 µm:    92% corrected 

•  Double metallic layers: heterogeneous 
response 
–  Some cases thicker NIH (than in monolayer) 
–  Some cases more delayed healing (than in monolayer)  

•  Scarce evidence on bifurcations 
–  No comparative study 
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