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Evidences of Neoatherosclerosis  Evidences of Neoatherosclerosis  
As a Mechanism of

Late In-stent Restenosis



Bi-phasic Luminal Response
3 Years after BMS Implantation

Tri-phasic Luminal Response of BMS
Extended Follow-up Study3 Years after BMS ImplantationExtended Follow-up Study
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Kimura et al. Circulation 2002;105:2986-91



“Late Catch-up” in DES
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Pathologic Definition of 
“Neoatherosclerosis”

Peri-strut foamy macrophage clusters with or without 

Neoatherosclerosis
y p g

calcification, fibroatheroma, and ruptures with 
thrombosis in neointima, but no communication with 

underlying native atheroma

lipid-laden 
macrophage necrotic core with 

cholesterol clefts

5-year f/u Palmaz–Schatz 13-month DES

Hasegawa et al. Cathe and Cardiovasc Interv 2006;68:554–8
Inoue et al. Cardiovascular Pathology 2004;14:109–15



DES BMS

Incidence 31% 16%Incidence 31% 16%
Median F/U 
time point 14 Mo 72 Mop

Neoatherosclerosis in DES is more 
frequent and occurs earlier

Nakazawa et al. JACC 2011;57:1314–22

q



Neointima transforms into 
lipid-laden atherosclerotic 
tissue in late phase after BMS

Lipid-laden intima frequently 
has intimal disruption, thrombi 

d l i iand neovascularization

Takano et al. J Am Coll Cardiol 2009;55:26-32



Early vs. Very late BMS-ISREarly vs. Very late BMS-ISR

Very late ISR Early ISR
F/U duration > 5 years < 1yearF/U duration > 5 years < 1year

MLA, mm2 3.8±1.3 4.7±2.4

%IH area 58.6±10.3 55.6±13.4

Disrupted intima with cavity 18.6% 0%

Intraluminal material

With shadowing 16 2% 0%With shadowing
Without shadowing

16.2%
4.7%

0%
2.6%

Progression of atherosclerotic process within neointima 
may be associated with very late BMS-ISRy y

Habara et al. Circ Cardiovasc Interv 2011;4:232-8



M/63 Stable angina
s/p BMS 10 years ago



M/77 Unstable angina
s/p BMS 13 years ago



IH i l h i f 22 l t BMS ISR i i
OCT Findings of BMS-ISR at 10-Year F/U

IH is a general mechanism of 22 very late BMS-ISR requiring 
clinically-driven TLR (Median F/U time 10.7 years)

Lipidic neointima 100%

Calcium-containing 32%

Thickness of fibrous cap 50 μm (IQR 50–60 μm)

TCFA-containing neointima 68%

TCFA at MLA site 55%

Intimal disruption 86%

Neointimal rupture with cavity 59%

Thrombi 77%

Red thrombi 75% in UA vs. 30% in SA
All 3 findings 50%(TCFA, intimal rupture and thrombi) 50%

AMC data



Different Timing of NeoatherosclerosisDifferent Timing of Neoatherosclerosis
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<2 years 2-6 years<2 years 2-6 years
DES BMS DES BMS

Neoatherosclerosis 29% 0% 41% 22%Neoatherosclerosis 29% 0% 41% 22%
Foamy mø clusters 14% 0% 19% 3%
Fibroatheroma (NC) 13% 0% 22% 15%

Nakazawa et al. JACC Cariovasc Imaging 2009;2:625-8

Fibroatheroma (NC) 13% 0% 22% 15%



6-mo Taxus 
%NC 8%

9-mo Taxus
%NC 28% 

22-mo Taxus
%NC 39%

48-mo BMS 
%NC 40% 

57-mo BMS
%NC 57%

%DC 2% %DC 8% %DC 20% %DC 25% %DC 15%

Kang SJ et al. AJC 2010 ;106:1561-5At the Maximal %IH Site



Neointimal Composition at Various FU Time
117 ISR Lesions (BMS and DES) with %IH>50%

52.2* 5.6* 27.2* 15.0*>36Mo (n=26)
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In-stent

M/68 Unstable angina
7YA / DES7YA s/p DES
2YA follow-up; patent



Ci l ti 2011 123 2954 63Circulation 2011;123:2954-63



In-Stent Neoatherosclerosis
OCT Analysis in 50 DES-ISR Lesions with %IH>50%

Total Stable Unstable
P

OCT Analysis in 50 DES-ISR Lesions with %IH>50%

P
N=50 N=30 N=20

Follow-up (months) 32 (9-52) 14 (8-51) 41 (16-56) 0.178p ( ) ( ) ( ) ( )

Lipid neointima 45 (90%) 25 (83%) 20 (100%) 0.067

Fibrous cap thickness μm 60 (50 162) 100 (60 205) 55 (42 105) 0 006Fibrous cap thickness, μm 60 (50-162) 100 (60-205) 55 (42-105) 0.006

Incidence of thrombi 29 (58%) 13 (43%) 16 (80%) 0.010

I id f d th bi 7 (14%) 1 (3%) 6 (30%) 0 012Incidence of red thrombi 7 (14%) 1 (3%) 6 (30%) 0.012

Incidence of rupture 29 (58%) 14 (47%) 15 (75%) 0.044

Incidence of TCFA 26 (52%) 11 (37%) 15 (75%) 0.008

Neovascularization 30 (60%) 15 (50%) 15 (75%) 0.069

Kang et al. Circulation 2011;123:2954-63



DES Follow-up >20 Months
Best Cut Off to Predict TCFA-Containing Neointima
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Kang et al. Circulation 2011;123:2954-63



TCFA-Containing Intima Neointimal Rupture
100% 100%

60%

80%

60%

80%

None
Single
Multiple20%

40%

20%

40%

Type of Thrombi Longitudinal Extent

p
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40%
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0%
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Various size and extent of thrombi, the degree of flow limiting 
obstruction and acuteness may determine the diversity



Comparison between OCT vs. VH-IVUSComparison between OCT vs. VH-IVUS

78% agreement between VH-IVUS and OCT

To identify TCFA-containing neointima
78% agreement between VH IVUS and OCT
Using OCT as a gold standard, VH had a sensitivity 60%, 
specificity 94%, PPV 90% and NPV 73%p y
The lesions with VH-TCFA containing neointima showed 
much thinner fibrous cap than the lesions without VH-
TCFA (OCT d thi k 50 120 ]TCFA (OCT-measured thickness 50μm vs. 120μm]

OCT-defined TCFA p

(+) (-)
%NC at the MLA 25.2% [8.6–30.0%] 4.7% [1.3–11.4%] <0.001

Maximal %NC 33.2% [27.5–42.5%] 12.8% [6.0–24.2%] <0.001

%DC 5.5% [2.4–8.5%] 0.6% [0.0–1.7%] <0.001

Kang et al. Circulation 2011;123:2954-63



Evidences of Neoatherosclerosis  Evidences of Neoatherosclerosis  
As a Mechanism of

Very Late Stent thrombosis



Cumulative Incidence of DES Thrombosis

3

2

1 Slope of linear portion
0.6%/ year

365 730 1095 days30

0.6%/ year

Cumulative incidence 1.2%     1.7%      2.3%     2.9% 

Although the majority of DES showed good stent coverageAlthough the majority of DES showed good stent coverage 
with neointima beyond 1 year, a steady increase in late stent 

thrombosis (0.6% per year) have demonstrated thereafter
Daemen et al. Lancet 2007;369:667—78

( p y )



Timing and Mechanism of DES ThrombosisTiming and Mechanism of DES Thrombosis

Early (<30d) Late (1-12 Mo) Very late (>12 Mo)

Procedural Delayed healing Abnormal vascularProcedural Delayed healing response
Underexpansion Uncovered struts Hypersensitivity
Edge dissection Fibrin deposition Extensive fibrin deposition
Residual plq rupture Late malapposition?
Medial fracture “Neoatherosclerosis”Medial fracture “Neoatherosclerosis”

Nakazawa et al. J Cardiol 2011;58:84-91



More Advanced Neoatherosclerosis 
TCFA C t i i  N i tiTCFA-Containing Neointima

Intimal rupture 
Th b iThrombosis

“Unstable Neointima”
>5 years in BMS5 years in BMS
≤2 years in DES

23-month SES 96-month BMS

Although uncovered struts as a marker of incomplete 

23 month SES 96 month BMS

g p
endothelialization remains the primary cause of DES-
VLST, neoatherosclerosis is added as another factor

Nakazawa et al. JACC 2011;57:1314-22



30 AMI ith VLST (M F/U 33 M i DES 108 M i BMS)
DES

(n=23)
BMS
(n=7)

30 AMI with VLST (Mean F/U 33 Mo in DES, 108 Mo in BMS)

(n=23) (n=7)
Mean EEM CSA, mm2

Mean Lumen CSA, mm2

19.5±6.0
4.2±1.4

18.3±4.1
4.7±4.6,

Mean Neointima, mm2

Minimal stent CSA, mm2

4.2±1.4
3.0±1.1
6.1±1.5

4.7±4.6
5.0±1.7*
7.4±3.7

Neointima rupture
Malapposition

10 (44%)
22 (74%)

7 (100%)*
0 (0%)*Neoatheroclerosis may contribute to the development of 

Lee CW et al. J Am Coll Cardiol 2010;55:1936-42

y p
VLST as a common mechanism in BMS and DES



71 Year-Old Female
8YA s/p BMS at mLAD8YA s/p BMS at mLAD
7YA diffuse ISR triple anti-platelet
Resting chest pain New ST depression V4 6Resting chest pain New ST depression, V4-6



Different Mechanisms of DES-VLSTDifferent Mechanisms of DES-VLST
VLST of 34-month SESVLST of 34-month SES VLST 54-month SESVLST 54-month SES

Ikenaga et al. JACC Cardiovasc Imaging 2011;4:1217-9



In Vivo OCT of DES-VLSTIn Vivo OCT of DES-VLST

Miyazaki et al. Circulation J 2011 (in press)



71/M Stable Angina 37/M Unstable Angina

Diverse Clinical Features of Neoatherosclerosis
60/M NSTEMI71/M, Stable Angina

5YA DES at RCA
37/M, Unstable Angina

8YA BMS at LAD
60/M, NSTEMI

7YA DES at RCA



SUMMARYSUMMARY
In-stent neoatherosclerosis may be an important y p
substrate for both in-stent restenosis and very late 
stent thrombosis especially in the extended phasep y p


