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Lumen loss at late stage

Kimura et al., N Engl J Med 1996;334:561-6

Kimura et al., Circulation 2002;105:2986-91
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Late DES Catch-Up Among IVUS 

Substudy Patients
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In-stent restenosis tissue shows “delayed healing” 
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Pattern of restenotic tissue

Gonzalo et al, Am Heart J 2009 158: 284-93.

Time from stent implantation to OCT=12 month (4-42)



Pathology of In-stent Neoatherosclerosis
197 BMS, 103 SES, and 106 PES with implant duration >30 days

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

Variable OR 95% CI p value

Age/year 0.96 0.94-0.98 <0.001

Stent duration/month 1.03 1.02-1.04 <0.001

SES usage 6.53 3.39-12.59 <0.001

PES usage 3.20 1.58-6.47 0.001

Underlying unstable plaque 2.39 1.23-4.30 0.004

DES (31%) vs BMS (16%) p < 0.001
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Macrophage infiltration on 

luminal surface

TCFA w/i neointima

Nakano et al. JACC Img 2012; 5: 71-82.



Late in-stent neoatherosclerosis in DES

Neointimal rupture

Microvessel TCFA-like neointima Calcium

Kang et al. Circulation,123: 2954-63.

Red thrombus

Mixed thrombus White thrombus



Takano et al. J Am Coll Cardiol 2010;55:26-32

OCT In-stent Neoatherosclerosis in BMS 

Micro vessel

Early FU, n=20, 4.61.8 Month, no TLR, no ACS

Late FU, n=21, 7.62.2 Year, 13 TLR, 4 ACS 



OCT In-stent Neoatherosclerosis in BMS 

Micro vessel

Early FU, n=39, 8.74.1 Month, TLR 59%, ACS 13%

Late FU, n=43, 9.52.5 Year, TLR 72%, ACS 21%

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



Serial Angioscopy Neoatherosclerosis
in BMS (n=26)

Baseline, 73% ACS

Early FU, 7.12.7 Month, no TLR

Yokoyama et al. Circ Cardiovasc Interv 2009;2:205-212

Late FU, 7.92.9 Year, no TLR

in15/26 Yellow plaque 
protruding to lumen



OCT In-stent Neoatherosclerosis in DES 

<9M

(n=52)

9M-2Y

(n=61)

2Y

(n=25)

Lipid-laden plaque

Symptomatic (n=35)

Asymptomatic (n=103)

Yonetsu et al. Am J Cardiol 2012; 110: 933-939

Micro vessel



Odds Ratio 95% CI p-value

Stent age>2 y 10.5 3.7-29.4 <0.001

DES

SES 3.9 1.4-10.4 0.007

PES 24.1 6.0-97.2 <0.001

EES 6.5 1.7-25.3 0.007

Smoking 7.0 2.5-20.4 <0.001

CKD 3.7 1.1-12.4 0.035

ACE-I/ARB use 0.39 0.17-0.91 0.028

Independent Predictors for Neoatherosclerosis

Yonetsu et al. Circ Cardiovasc Img 2012, on line



OCT In-stent Neoatherosclerosis in DES 

Habara et al. Eur Heart J Img 2012 doi:10.1093/ehjci/jes183

Micro vessel

Early FU, 0.70.2 years, n=43, ACS 2.3%, TLR 95%

Mid FU, 1.90.6 years, n=22, ACS 22.7%, TLR 96%

Late FU, 4.50.8 years, n=21, ACS 9.5%, TLR 100%



Late in-stent neoatherosclerosis in DES
(n=50, median follow-up of 32 months)

20 months post-implantation was the best cut-off to predict TCFA-like neointima. 

Kang et al. Circulation,123: 2954-63.



Unstable (n=20)

Stable (n=30)

Late in-stent neoatherosclerosis in DES

Kang et al. Circulation,123: 2954-63.



6-mo Taxus

%NC 8%

%DC 2%

9-mo Taxus

%NC 28%

%DC 8%

22-mo Taxus

%NC 39%

%DC 20%

48-mo BMS

%NC 40%

%DC 25%

57-mo BMS

%NC 57%

%DC 15%

Various Neointimal VH Composition at the Maximal %IH Sites



67.2

64.5

62.5

54.9*

52.2*

15.4

12.5

8.1

7.1#

5.6*

14.6

18.5

22.3

25.8*

27.2*

2.8

4.5

7.3#

12.2*

15.0*

0 20 40 60 80 100 (%)

<6Mo (n=22)

6-12Mo (n=42)

12-24Mo (n=12)

24-36Mo (n=15)

>36Mo (n=26)
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*p<0.01 and #p<0.05, vs. lesions at follow-up time <6 months

Kang et al. Am J Cardiol. 2010;106:1561-5



Late in-stent neoatherosclerosis in DES

Hakim et al. Am J Cardiol. 2013;111:695-699.

• 54 Lesions in 46 patients with 2.8years (1.6-4.8) follow-up

• Calcification in NIH in 22% (12/54)

• Calcification increase behind sent (5578 degree, p<0.001), 

proximal (3465 degree, p<0.0001) and distal reference 
(2025 degree, p=0.002).

• Only 2 lesions showed stent recoil (>15% of decrease of stent area).

Index 4 years later



Follow-up

Strut

Index

MSA=5.1mm²

MSA=4.1mm²

Late Stent Recoil due to Progression of 

atherosclerosis behind Stent



IVUS analysis of 23 very late DES thrombosis 

cases at Asan Medical Center

• Late Stent Malapposition: 17 DES patients (73.9%) 

• Neointimal rupture in 10 (43.5%) and reference 

segment plaque rupture in another 5 (21.7%) 

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

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



LST (n=18) Control (n=36) p-value

IVUS remodeling index 1.24 0.99 <0.001

IVUS malappsition 78% 42% 0.01

IVUS malappo area (mm2) 4.1 ±2.3 1.2±1.5 0.001

OCT max uncoverage length 3.3 0.9 <0.001

OCT uncovered strut 12.3% 4.1% 0.001

Guagliumi et al, JACC Interv 2012

18 Late Stent Thrombosis Cases



Bare Metal Stent Thrombosis (102 definite ST)

Atherosclerotic Debris

n=35 n=4 n=20 n=9 n=33

Yamaji et al. Circ Cardiovasc Interv 2012; 5: 47-54



Summary

1. Neoatherosclerosis is similar to the de novo

atherosclerosis, but develop earlier (BMS=5 

years, DES=2 years) based on vessel injury 

and chronic reaction to the stent.

2. The predictor to induce neoatherosclerosis

may be similar to those for atherosclerosis 

in addition to stent type.

3. Neoatherosclerosis can cause very late 

stent thrombosis.

4. OCT is the best imaging modality to 

evaluate neoatherosclerosis.


