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Processes of BMS Restenosis  

Normal artery + Stent 
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Coagulation factors 
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Restenosis in DES 



Neointimal Characteristics in DES and BMS 

o α-SMA positive SMC activity peaks at 1-2 years and then decreases in BMS whereas in DES 

there is no change over time, suggesting a persisting neointimal activity .  

o DES neointima demonstrates greater proteoglycan deposition and less collagen production. 

† p<0.05 

DES 
(N=15) 

BMS 
(N=15) 

P value 

Total cell count, /mm2 906±404 1409±549 0.014 

% α-SMA area 9.5±6.2 10.5±6.3 0.66 

Collagen score (0-3) 1.0±0.4 1.4±0.4 0.022 

% Proteoglycan area 69.3±22.4 48.0±28.4 0.032 
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The efficacy of DES wanes if the distribution of  

anti-proliferative drug is uneven 

Shorter 
 inter-strut 

distance 

Longer 
 inter-strut 

distance 

M
a

s
a

ta
k
a
 N

a
k

a
n

o
 e

t 
a

l.
 E

u
r 

H
e

a
rt

 J
 2

0
1

3
;3

4
:3

3
0
4
-3

3
1
3
 



Lumen 

Heavily calcified 
underlying plaque 
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Stent fracture 

EES Restenosis Associated 

with Stent Fracture 

* * * * * * 

* 

* 
* * 

70F, EES implanted in LM to LCX for 6 months 

* 

* 

Foerst JR, et al. J Am Coll Cardiol Intv 2012;5:239-42. 



Cause of Late DES Failure;  
Neoatherosclerosis 



<

3 

6 9 12 15 18 24 48 

Duration (month) 

(%) 

DES 

BMS 

0 

20 

40 

60 

80 

100 

>60 

25 

50 

T
o

ta
l 
C

a
s
e

 n
u

m
b

e
r 

e
x
a

m
in

e
d

 

In
c
id

e
n

c
e

 o
f 
a

th
e

ro
s
c
le

ro
s
is

 

BMS DES 
DES 
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Incidence (%) Case number 

Nakazawa G, et al. JACC Imaging 2009 

Cholesterol crystals 

OFDI 

Definition:  

In-stent neo-atherosclerosis is 
histologically characterized by an 
accumulation of lipid-laden foamy 
macrophages with or without 
necrotic core formation and/or 
calcification within the neointima.  

BMS (ML)  

Otsuka et al., Eur Heart J. 2015 May 20. pii: 
ehv205 

Late vascular complication: Neoatherosclerosis 



Representative Images Showing Progression of Neoatherosclerosis 

Neoatherosclerosis was defined as the presence of foamy macrophages within the neointima 
with or without necrotic core and/or calcification. 
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Prevalence of Neoatherosclerosis (Autopsy cases): 

Overall, in Stent Thrombosis, and Restenosis 
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Over-time Clinical Prevalence of Neoatherosclerosis in DES 

(in vivo OCT analysis) 
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Mori, et al. J Am Heart Assoc. 2017 Nov 17;6(11).   

Prevalence and Type of Neoathersclerosis 

in very long term (1-5 years) 

63-y male CoCr-EES  5 years  40-y female SS-SES  5 years 56-y male BMS  5 years 
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Why neoatherosclerosis is accelerated 

in DES as compared to BMS? 
 

- Impact of Endothelial Integrity -  



Importance of the Endothelial Barrier 

Function in Health and Disease 

 The endothelium plays a critical role in vascular homeostasis by providing a solid barrier 
between blood and vessel wall, secreting substances that influence vascular inflammation, 
cell migration, and proliferation over the longer term 
 

 Dysfunction of the endothelium is the initial inciting event in atherogenesis 
 

 VE-cadherin (red arrow) regulates endothelial barrier function via binding to p120 (green 
arrow), constructing healthy adherence cell-cell junction 
 

 Unhealthy endothelium has dysregulation of these two molecules which normally should 
be expressed together at endothelial cell borders (as yellow) 
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mTOR inhibitors and the endothelium 

Habib A, at al. Arterioscler Thromb Vasc Biol. 2013;33:2425-31.  

Ctrl SRL 

 Sirolimus inhibits mTOR complex by binding 
FKBP12.6 and displaces it from intracellular 
calcium release channels  
 

 Sirolimus/FKBP12.6 increases intracellular 
calcium levels and endothelial dysfunction 
by PKC activation  
 

 VE-cadherin regulates endothelial barrier 
function via binding to p120.  PKCα 
activation causes impaired endothelial 
barrier function via disruption of the VE-
cadherin and p120 interaction 
 

 Limiting exposure to sirolimus through 
biodegradable polymers may improve 
endothelial function more quickly  



VE-CAD Pattern and Monocyte Adhesion 
Rabbit Iliac artery stenting model 
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Impaired Endothelial Barrier Function at DES site  

Evans Blue Dye analysis 

Gross image of the rabbit iliac arteries following Evans Blue (EB) injection 
prior to sacrifice at 60-days  

DES 

BMS 

DES BMS 

Albumin 69kDa 
EB 1kDa 

EB-Albumin complex 70kDa 

“No permeability” 

“Permeability” 

+ 

Van Beusekom HM, et al. J Am Coll Cardiol. 1998;32:1109-17. 

Endothelium 

EB-Albumin complex 



BMS DP-DES 
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Accelerated Macrophage infiltration at DES site 
RAM11 (macrophage marker) and VE-cad 

VECAD RAM11 DAPI 

BMS DP-EES 
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Summary 

1) Neointimal hyperplasia is the cause of restenosis in stented arteries. 

2) Drugs used on DES mainly inhibit SMC proliferation.  

3) The efficacy of DES wanes if the distribution of  anti-proliferative drug is 

uneven (e.g. complex lesion, stent fracture, etc…). 

4) Neoatherosclerosis is one of the crucial mechanisms of late stent failure, 

develops rapidly and more frequently in 1st- and 2nd-generation DES as 

compared to BMS. 

5) The optimal treatment strategy for ISR lesions with underlying 

neoatherosclerosis remains unstudied. 

6) Endothelial barrier dysfunction due to rapamycin analogues loaded in DES is 

one of the main causes of  early development of in-stent neoatherosclerosis. 

7) Further technical innovations are needed to achieve better long term outcome 

after coronary stenting. 
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Taniwaki M, et al. Circulation. 2016;133:650-660 

Causes of Very Late (>1 year) Drug-Eluting Stent Thrombosis:  

Malapposition and Neoatherosclerosis >60% 
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