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Drug-eluting stents (DESs) in comparison with bare metal stents (BMSs) have reduced 
early target lesion revascularization (TLR) through exerting an inhibitory effect on 
smooth muscle cell hyperplasia but have also increased the risk of stent thrombosis 
and TLR after 1 year, in other words, very-late stent failure (VLSF). Neoatherosclerosis 
or atherosclerosis progression is thought to be the major mechanism and is regarded 
as a ‘final common pathway of VLSF.’ Atherosclerosis can be detected by various 
intracoronary imaging modalities; e.g., angioscopy detects it as yellow plaque that 
has been regarded as vulnerable plaque and is associated with future event of acute 
coronary syndrome. Here, the findings of neoatherosclerosis using intracoronary 
imaging are reviewed and their relation with the long-term clinical outcome is 
discussed.
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Neoatherosclerosis at very-late stent 
failure detected by intracoronary 
imaging
Drug-eluting stents (DESs) in comparison 
with bare metal stents (BMSs) have reduced 
early target lesion revascularization (TLR) 
by inhibiting smooth muscle cell hyperpla-
sia; however, the incidence of stent thrombo-
sis and TLR after one year, in other words, 
very-late stent failure (VLSF), was higher in 
the 1st generation DESs than with BMS [1]. 
Although the incidence of VLSF was reduced 
in newer DESs in comparison with 1st gener-
ation DESs [2–8], VLSF remains an unsolved 
problem of DESs and its mechanism has not 
been clarified.

Atherosclerosis progression or neoathero-
sclerosis is thought to be one of the mecha-
nisms of VLSF [9] as it has been reported 
as a probable cause of both very late stent 
thrombosis [10–13] and restenosis after DES 
implantation [14–21]. Although the early and 
late stent failure up to 1 year after implan-
tation involves multifactorial mechanisms 
including procedure-related ones, stent 
failure after 1 year is supposed to be caused 

mainly by atherosclerosis progression or 
neoatherosclerosis, which is regarded as the 
‘final common pathway of VLSF’ [22,23]. 
Angioscopy, as a tool of macroscopic pathol-
ogy in living patients, can detect athero-
sclerosis by yellow plaque. Yellow plaques, 
especially those of high yellow color grade, 
are regarded vulnerable plaques and have 
been associated with future coronary events 
by many clinical studies [21,24–26]. Although 
angioscopy used to be performed both in 
Europe and in the USA, it is now avail-
able only in Japan and these devices are 
manufactured only by Japanese companies.

The culprit lesions of very late stent 
thrombosis have been shown by case reports 
to have disrupted yellow plaque by coronary 
angioscopy [27]. Optical coherence tomogra-
phy (OCT) studies also revealed that they 
have advanced neoatherosclerosis of lipid-
laded neointima and plaque rupture in the 
majority of cases both after BMS and after 
DES implantation [11,12]. Neoatherosclerosis 
was significantly associated with high serum 
LDL cholesterol level [11], suggesting that the 
process is similar with that of atherosclerosis 
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progression in the native coronary artery. Furthermore, 
the fragments of atherosclerotic plaque were often 
aspirated from the culprit lesions of very late stent 
thrombosis after BMS implantation, which were histo-
logically indistinguishable from the material aspirated 
from the culprit lesions of spontaneous acute coronary 
syndrome in the native coronary arteries [13]. These 
findings suggest that both very late stent thrombosis 
and spontaneous acute coronary syndrome are simi-
larly caused by an advanced atherosclerotic lesion with 
plaque rupture in the majority of cases. Although VLSF 
is observed both after BMS and after DES implanta-
tion, the stented segments are usually stable and rarely 
cause VLSF up to 5 years after BMS implantation [1]; 
however, the stented segments often cause VLSF ear-
lier after DES implantation. Cases of acute myocardial 
infarction occurring at the stented segment 5–10 years 
after BMS implantation have often been reported 
previously in many cardiology meetings in Japan, in 
which coronary angioscopy is commonly detected as 
a disrupted yellow plaque with thrombus at the culprit 
lesion that closely resembled with the culprit lesion of 
acute myocardial infarction in native coronary arter-
ies. Previously, it was thought to be quite natural that 
the progression of atherosclerosis would lead to the 
onset of acute coronary syndrome even at the coronary 
segment where BMS had been implanted previously 
and was still present inside the vessel wall.

The lesions of in-stent restenosis have been exam-
ined by many studies using OCT, IVUS, angioscopy, 
or near infrared spectroscopy (NIRS) [15–21]. Neoath-
erosclerosis has been detected more often at the sites of 
in-stent restenosis after DES implantation than after 
BMS implantation [17,18], especially in the long term 
after implantation [15–16,19]. The OCT findings of het-
erogeneous intima, thin-cap fibroatheroma (TCFA)-
like image and intraintima microvessels increased from 
the early to the very late DES restenotic lesions [19]. 
The cap thickness was negatively correlated with the 
follow-up interval [20]. The in-stent restenosis can also 
be caused by thrombus formation as demonstrated by 
angioscopy [28,29]. Therefore, the plaque rupture and 
thrombus formation at the site of advanced neoathero-
sclerosis would be a major cause of both stent throm-
bosis and in-stent restenosis in the very late phase of 
>1 year after implantation both in BMSs and DESs.

We should be careful not to confuse ‘neointima 
thickening’ with ‘neoatherosclerosis’ after stent 
implantation. Although the definition of neoathero-
sclerosis depends on the modality used to define it 
and the study protocol. In general, tissue with much 
lipid deposition, for example, yellow plaque by angios-
copy, low echoic tissue in IVUS, necrotic or fibrofatty 
criteria tissue in VH/IB-IVUS, TCFA by OCT and 

yellow signal in NIRS, with or without some other 
characteristics of atherosclerotic lesions defined by 
pathology, for example, microvessels and macrophages, 
has been regarded as a sign of neoatherosclerosis. The 
neointima thickening early after BMS implantation is 
known to be caused by smooth muscle cell hyperplasia 
with the formation of fibrous tissue without neoathero-
sclerosis, which would be diseased by atherosclerosis 
after only 5–10 years. On the other hand, neoathero-
sclerosis has often been detected at the sites of in-stent 
restenosis after DES implantation both in early phase 
and in late-to-very-late phase. Therefore, the corre-
lation between neointima volume and incidence of 
neoatherosclerosis is a new finding in DESs which has 
never been detected in BMS.

The neointima evaluated by OCT or IVUS at one 
year after DES implantation [30,31] had neoatheroscle-
rosis more often in the patients with diabetes melli-
tus or chronic kidney disease than in those without, 
suggesting that the risk factors of native coronary 
atherosclerosis are also the risks of in-stent neoath-
erosclerosis. Furthermore, the larger neointima vol-
ume was associated with the higher incidence of 
neoatherosclerosis [31,32]. A serial follow-up study at 1 
and 2 years after DES implantation by OCT revealed 
further increase after 1 year in the neointima thickness 
and in the incidence of lipid-laded neointima and thin-
cap neoatheroma [33]. This suggests that the continuous 
progression of in-stent atherosclerosis would contribute 
to the neointima thickening.

Therefore, the formation of the lipid-rich atheroscle-
rotic plaque detected by IVUS or OCT or the forma-
tion of yellow plaque detected by angioscopy would be 
an important common mechanism for the occurrence 
of stent thrombosis and of restenosis, in other words, 
VLSF, both after BMS and after DES implantation. 
This process of neoatherosclerosis would have common 
mechanisms with the process of atherosclerosis 
progression in the native coronary artery.

Process of neointima sealing/shielding  
& atherosclerosis progression after stent 
implantation detected by intracoronary 
imaging
At 3–6 months after implantation, BMSs are com-
monly well covered by white thick neointima [34,35], 
which is known to be fibrous tissue and is caused mainly 
by smooth muscle cell hyperplasia. It usually takes 
5–10 years for this thick white nonatherosclerotic neo-
intima to become yellow by neoatherosclerosis and to 
cause the next event of acute coronary syndrome [21,35]. 
The formation of thick fibrous white neointima over 
atherosclerotic yellow lesions will play a role of sealing 
and shielding that makes the vulnerable plaques stable. 
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Once the yellow vulnerable plaque under stent is 
covered by white thick fibrous neointima, it will take a 
long time for the formation of vulnerable plaque that 
is visible from lumen as a yellow plaque in the segment 
where the BMS has been implanted.

Higo et al. reported for the first time in a living human 
that the Cypher sirolimus-eluting stent (Cypher-SES, 
Cordis, NJ, USA) accelerated the formation of yellow 
plaque at 10 months after implantation [36], which 
was very uncommon after BMS implantation. A his-
topathologic study by Nakazawa et al. confirmed the 
presence of neoatherosclerosis in the neointima after 
BMS and DES implantation with the shorter implant 
duration for DESs to develop neoatherosclerosis than 
for BMSs [9]. The Endeavor zotarolimus-eluting stent 
(Endeavor-ZES, Medtronic, MN, USA), like BMSs, 
reduced the yellow color of the stented segment by the 
formation of white thick neointima [37]. The Xience 
everolimus-eluting stent (Xience-EES, Abbott Vascu-
lar, CA, USA) had very thin neointima and did not 
change the yellow color of the stented segment [37,38]. 
Representative angioscopic images of the Endeavor-
ZES and of the Xience-EES at 1 year after implanta-
tion are presented in Figures 1 & 2, respectively [38].

The Cypher-SES failed to seal/shield the vulnerable 
yellow plaque and furthermore accelerated the forma-
tion of yellow plaque, probably owing to the inflam-
mation caused by its polymer. Endeavor-ZES and BMS 
can seal/shield and stabilize the vulnerable yellow 
plaque under stent. Yellow plaques with large lipid core 
and thin fibrous-cap, in other words, thin-cap fibro-
atheroma (TCFA), are regarded as vulnerable plaques 
that are prone to rupture and cause acute coronary syn-
drome. On the other hand, thickening of the fibrous-
cap is thought to play a role of plaque stabilization, 
which is detected as a reduction of yellow color. There-
fore, the formation of thick fibrous white neointima 
over vulnerable yellow plaques is supposed to play a 
role of plaque stabilization. The lesion may become 
vulnerable and yellow again, when the cap becomes 
thin again due to the progression of atherosclerosis.

Although the Xience-EES has failed to seal/shield 
the yellow plaque under stent because it forms very 
thin neointima, it does not accelerate the formation 
of yellow plaque either. The healing after Xience-EES 
implantation would be much better than after Cypher-
SES implantation and would be similar to that after 
Endeavor-ZES implantation, because the incidence of 
thrombus formation at 1 year after implantation was 
similarly very low in the Xience-EES and Endeavor-
ZES in comparison with very high incidence in the 
Cypher-SES [28,36–39]. Yellow plaque formation could 
be accelerated by various coronary risk factors [40] 
and reduced by medical therapy like statins [41,42]. 

Therefore, in combination with these systemic factors 
and medications, the characteristics of each DES may 
influence the formation and progression of yellow 
plaque at the stented segment, which may influence the 
onset of VLSF later.

Incidence of very-late stent failure observed 
in clinical trials
According to the results of clinical trials with long-
term follow-up up to 5 years available in previous 
reports or at ClinicalTrials.gov [43], TLR at 1 and 5 
years are 4.9% and 9.4% in Cypher-SES [44,45]; 4.4% 
and 9.1% in Taxus paclitaxel-eluting stent (Taxus-
PES, Boston Scientific, MA, USA) [46,47]; 5.9% and 
7.5% in Endeavor-ZES [48,49]; and 3.4% and 8.9% 
in Xience-EES [50]. Therefore, the incidence of VLSF 
as shown by the yearly TLR between 1 and 5 years 
is 1.1%/year, 1.2%/year, 0.4%/year and 1.4%/year in 
Cypher-SES, Taxus-PES, Endeavor-ZES and Xience-
EES, respectively, which appears lower in Endeavor-
ZES than in other DES.

In the ENDEAVOR III trial, although the angio-
graphic restenosis was higher in Endeavor-ZES than in 
Cypher-SES at 9 months, cumulative outcomes through 
5 years demonstrated that death, cardiac death, and myo-
cardial infarction were significantly lower in Endeavor-
ZES than in Cypher-SES [3]. The rate of TLR beyond 
9 months was significantly lower in Endeavor-ZES 
than in Cypher-SES. The superiority of Cypher-SES 
compared with Endeavor-ZES at 1-year follow-up was 
also lost after 5 years in the SORT OUT III study [51]. 
According to the editorial for the latter report [52], close 
collaboration between physicians, regulatory authori-
ties and device manufacturers is needed for meaningful 
postmarketing device assessment, and approval of novel 
coronary devices should be based on the commitment 
to undertake appropriately designed long-term follow-
up studies. Although Endeavor-ZES was finally demon-
strated superior to Cypher-SES after 5 years, Cypher-
SES had already been used widely in the world and 
the Endeavor-ZES had disappeared. Both stents are no 
longer used in daily practice now, suggesting that the 
presentation of 5-year follow-up results was too late to 
influence our daily practice of PCI.

Therefore, we should realize that the incidence of 
VLSF is very important for the long-term outcome; 
and 1-year result in the comparison of two stents would 
not be adequate to determine the better stent. Five-year 
or longer outcomes should be considered more impor-
tant than the shorter outcome in those clinical trials. 
However, we usually cannot wait for the 5-year results; 
therefore, the evaluation of intracoronary imaging like 
angioscopy at 1 year may be useful as a surrogate end 
point to predict long-term clinical outcome.
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Figure 1. Angioscopic image of Endeavor-ZES. This is the angiographic and angioscopic images 1 year after the 
implantation of Endeavor-ZES in the proximal left anterior descending coronary artery. No in-stent restenosis 
was detected by angiography. By angioscopy, stent struts were completely buried under white thick neointima 
(grade-2 coverage) and no thrombus was detected on the neointima. The angioscopic images 1, 2, and 3 were 
acquired at the corresponding coronary sites on the angiogram. 
Reproduced with permission from [38] © BMJ Publishing Group Ltd. (2013)..
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Association between neoatherosclerosis 
detected by intracoronary imaging & future 
event of very-late stent failure 
The higher incidence of VLSF in Cypher-SES than 
in Endeavor-ZES may possibly be explained by the 
facts that the Cypher-SES accelerates the formation of 
yellow plaque and the Endeavor-ZES stabilizes it by 
forming white thick neointima over it. The stability 
of the stented lesions with the Xience-EES, having 
no influence on the yellow color of the lesion, may be 
in between of that of the Endeavor-ZES and that of 
the Cypher-SES. Therefore, the incidence of VLSF 
with Xience-EES might be higher than that with 
Endeavor-ZES, although there is no clinical trial that 
has compared those two stents directly and the ini-
tial outcome at 1 year is far better with Xience-EES 
than with Endeavor-ZES. Although the TWENTE 
trial [53] has compared the Xience-EES and Resolute-
ZES (Medtronic, MN, USA), the Resolute-ZES and 
Endeavor-ZES appear completely different from the 

angioscopic viewpoint. Regarding the angioscopic 
image at 1 year after implantation, Resolute-ZES 
resembles Xience-EES, while Endeavor-ZES resembles 
a BMS. Therefore, we cannot speculate the results of 
Endeavor-ZES from those of Resolute-ZES.

According to the accumulated findings so far, we 
believe that the extent of atherosclerosis in the DES-
implanted segment as shown by its yellow color would 
be associated with a future event of VLSF. We have 
started a single-center prospective observational study 
(DESNOTE study: Detect the Event of very late Stent 
failure from the drug-eluting stent NOT well covered 
by nEointima determined by angioscopy) to dem-
onstrate that the angioscopic findings, especially the 
presence of yellow plaque, at 1 year after DES implan-
tation would be a risk of future VLSF. All patients 
with successful angioscopic examination at planned 
1-year follow-up after the implantation of a DES in 
the native coronary artery, without any event of stent 
failure before the follow-up, have been enrolled since 
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Figure 2. Angioscopic image of Xience-EES. This is the angiographic and angioscopic images 1 year after the 
implantation of Xience-EES in the proximal left circumflex coronary artery. No in-stent restenosis was detected by 
angiography. By angioscopy, stent struts were observed on the vessel wall but were covered by thin layer (grade-1 
coverage). A yellow plaque was observed behind the stent (yellow arrow in angioscopic image 2). However, 
no thrombus was detected in the stented segment. The angioscopic images 1, 2, and 3 were acquired at the 
corresponding coronary sites on the angiogram. 
Reproduced with permission from [38] © BMJ Publishing Group Ltd. (2013).  
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July 2004 and have been clinically followed up for the 
occurrence of VLSF at our outpatient clinic. Yellow 
color, neointima coverage and thrombus at the site of 
DES implantation are examined by angioscopy. VLSF 
is defined as cardiac death, myocardial infarction or 
unstable angina at the target stent, or TLR at the target 
stent. Cardiac death is defined as the death without 
known noncardiac cause.

A report from the CREDO-Kyoto Registry demon-
strated that statin use was associated with the lower risk 
of late TLR after Cypher-SES implantation [54], sug-
gesting that prevention of atherosclerosis progression by 
statin therapy can reduce the incidence of VLSF. Statin 
therapy is known to prevent or regress coronary athero-
sclerosis and to reduce the yellow color of the plaques by 
the thickening of the fibrous cap, and thus, this finding 
of CREDO-Kyoto Registry supports our hypothesis 
that yellow plaque formation would be an important 
mechanism involved in the occurrence of VLSF.

The issue of neoatherosclerosis was a bigger problem 
with the 1st generation DESs that accelerated ath-
erosclerosis progression probably through increased 
inflammation than with the newer DESs as the inci-
dence of VLSF was higher in the former in compari-
son with the latter. However, VLSF still exists and is 
still an important problem with the newer DESs. It is 
quite natural that the process of atherosclerosis pro-
gression goes on even after the implantation of stent 
in the coronary arteries. First generation DESs accel-
erated it and BMS stabilized it by forming a thick 
fibrous cap on vulnerable plaques; however, the newer 
DESs appear to have no significant influence on the 
natural process of atherosclerosis progression. In other 
words, the next event of VLSF at the site of new DES 
implantation would be caused by the natural process of 
atherosclerosis progression. Therefore, the early detec-
tion of neoatherosclerosis or in-stent atherosclerosis 
progression and its prevention or regression would be 
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beneficial to improve long-term outcomes of patients 
with DES implantation [23].

Conclusion
One of the probable mechanisms of VLSF is the pro-
gression of atherosclerosis. In-stent atherosclerosis 
evaluated by the presence of yellow plaque at one year 
after implantation of DES may be a risk of VLSF. In 
addition to statin therapy, general approach to prevent 
atherosclerosis may be useful to prevent VLSF.

Future perspective
In the clinical trials that compare different stents, 
1-year results of intracoronary imaging might be useful 
to predict the long-term clinical outcome. To prevent 

or reduce the incidence of VLSF, aggressive statin 
therapy may become a recommended therapy rather 
than an antithrombotic therapy as in the prevention of 
acute coronary syndrome.
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Executive summary

Very-late stent failure evaluated by intracoronary imaging
•	 Very-late stent failure is strongly associated with, and probably caused mainly by, atherosclerosis progression 

presented as yellow plaque formation by angioscopy.
Atherosclerosis progression and neointima sealing/shielding after stent implantation
•	 A bare metal stent (BMS) with yellow vulnerable plaque under stent is usually covered by a thick fibrous white 

neointima, which stabilizes the lesion.
•	 Drug-eluting stents (DESs), excluding the Endeavor-ZES, form very thin neointima and cannot seal/shield the 

vulnerable plaque under stent.
•	 The Cypher-SES accelerates the formation of vulnerable yellow plaque.
Very-late stent failure in clinical trials
•	 The incidence of very-late stent failure (VLSF) appears lower in the Endeavor-ZES than in other DESs, although 

there is no adequate evidence from direct comparisons.
•	 The incidence of VLSF was higher in the Cypher-SES than in the Endeavor-ZES by direct comparison; and 

the 5-year clinical outcome was significantly better in the latter stent although the 1-year outcome was the 
opposite.

Association between yellow plaque and future event of VLSF
•	 The clinical trial that examines the association between intracoronary imaging (angioscopy) at one year 

and long-term clinical outcome is now under way. We believe that the extent of atherosclerosis in the DES-
implanted segment as shown by its yellow color would be associated with the future event of VLSF.
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