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ABSTRACT
Objective Neoatherosclerosis or atherosclerosis
progression is one of the mechanisms of long-term stent
failure. Yellow plaque detected by angioscopy has been
associated with advanced atherosclerosis and the future
risk of a coronary event. We compared the yellow colour
of the stented segment between zotarolimus-eluting
stents (ZES) and everolimus-eluting stents (EES) at 1 year
after implantation.
Design Cross-sectional study.
Patients Consecutive patients underwent angioscopic
examination 1 year after the implantation of ZES (n=45)
or EES (n=45) at a de novo native coronary lesion.
Main outcome measures The maximum yellow
colour grade (grade 0–3) of the stented segment,
maximum and minimum neointima coverage grade
(grade 0–2) and the presence of thrombus were
examined. The neointima heterogeneity index was
calculated as maximum − minimum coverage grade.
Results Maximum yellow colour grade was higher in
EES than in ZES (1.3±0.9 vs 0.4±0.8, p<0.001) and
maximum (2.0±0.2 vs 1.2±0.5, p<0.001) and minimum
(1.5±0.6 vs 0.7±0.5, p<0.001) coverage grade was
higher in ZES than in EES. The neointima heterogeneity
index was not different between ZES and EES (0.4±0.5
vs 0.5±0.6, p=0.42). The incidence of thrombus was
very low and was not different between ZES and EES
(2% vs 4%, p=0.55).
Conclusions Although both ZES and EES had good
healing with homogeneous neointima coverage and a
low incidence of thrombus, EES had more advanced
atherosclerosis as shown by the presence of higher grade
yellow plaque than ZES at 1 year after implantation.

Compared with bare metal stents (BMS),
drug-eluting stents (DES) have reduced early target
lesion revascularisation (TLR) through an inhibi-
tory effect on neointima hyperplasia but have
increased the risk of stent thrombosis and TLR
after 1 year (ie, late stent failure).1 Although the
incidence of stent thrombosis and TLR appears to
be reduced with the newer DES than with the first-
generation DES,2–8 the mechanisms of late stent
failure are not well understood.
Angioscopy, as a tool of macroscopic pathology in

living patients, has revealed the process of vessel
response against BMS or DES implantation.9–21 It
can evaluate the healing response after stent implant-
ation by the grade of neointima coverage and inci-
dence of thrombus. Furthermore, it can evaluate the
extent of atherosclerosis by the yellow colour inten-
sity of the lesion. Yellow plaques, especially those of

high yellow colour grade, are regarded as vulnerable
and have been associated with future coronary
events.22–25 The sirolimus-eluting stent (SES) is
known to remain thrombogenic for years and, thus,
delayed healing is an important mechanism for late
stent failure in SES. On the other hand, neoathero-
sclerosis has been reported as a cause of late stent
failure in both DES and BMS.26 In the present study
we compared the extent of atherosclerosis, as shown
by the yellow colour grade of the stented segment,
between zotarolimus-eluting stents (ZES) and
everolimus-eluting stents (EES) at 1 year after
implantation.

METHODS
Study design
From May 2010 to July 2012 we included consecu-
tive patients who underwent catheterisation and
angioscopic examination at 1 year after the
implantation of ZES (Endeavor stent; Medtronic,
Minneapolis, USA) (n=45) or EES (Xience V;
Abbott Vascular, Santa Clara, USA) (n=45) at de
novo lesions of native coronary arteries. Patients
with in-stent restenosis (>75%) at follow-up were
excluded. Catheterisation was performed by the
femoral, brachial or radial artery approach using a
6 Fr sheath and catheters. A coronary angiogram
was recorded by the Innova Cardiovascular
imaging system (GE Healthcare Japan, Tokyo,
Japan) and quantitative coronary angiographic ana-
lysis was performed. All patients were taking
aspirin 100 mg/day and ticlopidine 500 mg/day or
clopidogrel 75 mg/day (dual antiplatelet therapy)
throughout the study period. GPIIb/IIIa inhibitors
were not used because they are not approved in
Japan for clinical use. Hypertensive patients were
defined as patients with blood pressure >140/
90 mm Hg or those already taking antihypertensive
drugs. Diabetic patients were defined as patients
with fasting blood glucose >126 mg/dL or those
already taking oral drugs for diabetes mellitus or
receiving insulin therapy. Acute coronary syndrome
includes acute myocardial infarction with or
without ST elevation defined by the Joint European
Society of Cardiology/American College of
Cardiology Committee and unstable angina defined
according to the Braunwald classification.

Angioscopic examination and evaluation
The angioscope RX-3310A and MV-5010A
(Machida, Tokyo, Japan) and optic fibre DAG-2218
LN (Machida, Tokyo, Japan) were used.
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Angioscopic observation of stented segments was done while
blood was cleared from view by the injection of 3% dextran-40
as previously reported.9–12 27 Neointima coverage was classified
into three grades (0: no coverage; 1: poor coverage; 2: complete
coverage), as previously reported.11 12 Yellow colour was classi-
fied into four grades (0: white; 1: slight yellow; 2: yellow; 3:
intensive yellow) compared with standard colours, as previously
reported.27 Thrombus was defined as white or red material with
a cotton-like or ragged appearance or fragmentation with or
without protrusion into the lumen or adherent to the luminal
surface. Maximum and minimum neointima coverage grade,
maximum yellow colour grade and the presence or absence of
thrombus were determined for each stented segment. The
neointima heterogeneity index was calculated as maximum −
minimum coverage grade. In the present study, poor healing in
the neointima coverage after stenting was judged by a high inci-
dence of thrombus, and advanced atherosclerosis with high vul-
nerability was judged by a high yellow colour grade. Two
angioscopy specialists blinded to the characteristics of the
patients evaluated the angioscopic images. In cases of disagree-
ment, a third reviewer served as an arbitrator. The inter- and
intra-observer reproducibility for the interpretation of angio-
scopic images was 95% and 95% for stent coverage, 85% and
95% for plaque colour, and 90% and 100% for thrombus,
respectively.

Statistical analysis
Continuous data were presented as mean±SD. Comparisons
were made between groups by the unpaired Student t test, χ2

test or Mann–Whitney test. A p value <0.05 was regarded as
statistically significant. Analysis was performed with SPSS V.16.0
J for Windows (SPSS, Chicago, Illinois, USA).

RESULTS
Patient and lesion characteristics
Included were 45 lesions in 45 patients for ZES and 45 lesions
in 45 patients for EES; four patients with ZES and five patients
with EES were excluded due to restenosis. Follow-up intervals
were 371±61 days for ZES and 366±33 days for EES. There
was no significant difference in the characteristics of the patients
or the lesions between the groups (table 1), except that ZES
were implanted more in the right coronary artery than EES and
the stent size was larger in ZES than in EES. Representative
cases of ZES and EES are shown in figures 1 and 2.

Angioscopic findings
Maximum (2.0±0.2 vs 1.2±0.5, p<0.001) and minimum (1.5
±0.6 vs 0.7±0.5, p<0.001) neointima coverage grade was
higher in ZES than in EES. Neointima coverage was generally
homogeneous in both groups and the neointima heterogeneity
index was not different between ZES and EES (0.4±0.5 vs 0.5
±0.6, p=0.42). The distribution of the neointima coverage grade
is shown in figure 3. One-third (33%) of EES had no neointima
coverage (grade 0) compared with only one (2%) ZES.

The incidence of thrombus was very low and was not differ-
ent between ZES and EES (2% vs 4%, p=0.55).

Maximum yellow colour grade was higher in EES than in
ZES (1.3±0.9 vs 0.4±0.8, p<0.001). The distribution of
maximum yellow colour grade is shown in figure 4.

Cases in which the majority (>50%) of the stent was covered
by white and complete (grade 2) neointima coverage was more
common in ZES than in EES (98% vs 16% p<0.001).

Table 1 Patient and lesion characteristics

ZES EES p Value

N 45 45
Male gender, n (%) 38 (84) 37 (82) 0.81
Age, years 68±9 67±8 0.72
Risk factors, n (%)
Diabetes mellitus 19 (42) 11 (24) 0.07
Hypertension 40 (89) 42 (93) 0.46
Hypercholesterolaemia 39 (87) 38 (84) 0.76
Current smoking 0 (0) 0 (0) –

Body mass index 24.4±0.5 24.8±0.5 0.67
Disease for stenting 0.43
Acute coronary syndrome 5 (11) 2 (4)
Stable coronary disease 40 (89) 43 (96)

Target vessel, n (%) 0.01
Left anterior descending coronary artery 23 (51) 23 (51)
Left circumflex coronary artery 1 (2) 9 (20)
Right coronary artery 21 (47) 13 (29)

Medications, n (%)
Statin 39 (87) 37 (82) 0.56
Aspirin 45 (100) 45 (100) –

Clopidogrel/ticlopidine 43 (96) 44 (98) 0.56
Angiotensin receptor blocker/ACE inhibitor 28 (62) 33 (73) 0.26
β-blocker 24 (53) 23 (51) 0.83
Calcium channel blocker 24 (53) 18 (40) 0.20

Angiographic stenosis, %
Before intervention 88.8±9.1 87.8±8.5 0.59

After intervention 7.3±2.4 6.6±2.4 0.12
TIMI flow grade (0/1/2/3), n
Before intervention 8/0/4/33 8/0/2/35 0.69
After intervention 0/0/0/45 0/0/0/45 –

Stent size, mm 3.1±0.3 2.7±0.3 <0.001
Total stent length, mm 30.9±20.4 32.5±34.0 0.78
Maximum inflation pressure, atmos 19±2 19±2 0.60
Procedural success of intervention, % 100 100 –

Continuous data are presented as mean±SD.
EES, everolimus-eluting stents; TIMI, Thrombolysis In Myocardial Infarction;
ZES, zotarolimus-eluting stents.

Figure 1 Representative case with zotarolimus-eluting stents (ZES):
angiographic and angioscopic images 1 year after implantation of ZES
in the proximal left anterior descending coronary artery. No in-stent
restenosis was detected by angiography. Angioscopy shows that stent
struts were completely buried under white thick neointima (grade 2
coverage) and no thrombus was detected on the neointima.
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DISCUSSION
We have compared the in-stent incidence of thrombus and the
extent of atherosclerosis between ZES and EES at 1 year after
implantation. Neointima was generally homogeneous and the
incidence of thrombus was remarkably low in both DES, suggest-
ing good healing after stent implantation with both. However,
the maximum yellow colour grade at the stented segment was sig-
nificantly higher in EES than in ZES, suggesting the presence of
more advanced atherosclerosis in EES than in ZES.

Delayed healing as a cause of late stent failure
The incidence of thrombus at follow-up in SES has been
reported to be 10–40%.11–19 This delayed healing or lack of
healing with a high frequency of thrombogenesis that lasts for
years would be an important mechanism for thrombotic occlu-
sion or stenosis progression in first-generation DES. However,
as demonstrated in the present study, both ZES and EES had a
very low incidence of thrombus and therefore delayed healing is
not a major mechanism for late stent failure with these stents.

Although the neointima coverage in ZES appeared to be as
good as that in BMS, the neointima coverage in EES appeared
to be as poor as in SES when compared with previous
studies.11–19 Indeed, one-third (33%) of EES had grade 0 cover-
age area compared with only one (2%) of ZES. However, the
thin but homogeneous neointima in EES might have contributed
to the good healing with a low incidence of thrombus.

Neoatherosclerosis as a cause of late stent failure
The development of atherosclerotic plaque and its disruption
(ie, neoatherosclerosis) has been known as a cause of acute cor-
onary syndrome after BMS implantation.28 It usually takes
about 5–10 years for the formation of atherosclerotic yellow
plaque in the healthy white (non-atherosclerotic and fibrous)
thick neointima that is commonly observed 1 year after BMS
implantation and for the occurrence of acute coronary syn-
drome by the disruption of yellow plaque. The occurrence of
atherosclerotic change in the neointima has been detected
earlier in DES than in BMS by pathological studies.29 30

Formation of yellow plaque in the neointima was extremely rare
within 1 year after BMS implantation but was frequently
detected after SES implantation.12 Thus, DES (especially SES) is
known to accelerate the progression of atherosclerosis.

Figure 3 Distribution of neointima coverage grade. Maximum
(2.0±0.2 vs 1.2±0.5, p<0.001) and minimum (1.5±0.6 vs 0.7±0.5,
p<0.001) stent coverage was better with zotarolimus-eluting stents
(ZES) than with everolimus-eluting stents (EES). Neointima coverage
was generally homogeneous in both groups and the neointima
heterogeneity index did not different between ZES and EES (0.4±0.5 vs
0.5±0.6, p=0.42). Grade 2 coverage was detected more frequently in
ZES than in sirolimus-eluting stent (SES) (98% vs 22%, p<0.001), and
grade 0 coverage was detected more frequently in SES than in ZES
(33% vs 2%, p<0.001).

Figure 2 Representative case with everolimus-eluting stents (EES):
angiographic and angioscopic images 1 year after implantation of EES
in the proximal left circumflex coronary artery. No in-stent restenosis
was detected by angiography. Angioscopy shows stent struts were
observed on the vessel wall but were covered by a 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.

Figure 4 Distribution of maximum yellow colour grade. Maximum
yellow colour grade was higher in everolimus-eluting stents (EES) than
in zotarolimus-eluting stents (ZES) (1.3±0.9 vs 0.4±0.8, p<0.001).
White (grade 0) neointima was detected more frequently in ZES than in
sirolimus-eluting stent (78% vs 29%, p<0.001).
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Furthermore, vulnerable plaques that had been present since
before DES implantation would remain just behind the stent
and easily progress to disrupt and cause acute coronary syn-
drome, but these plaques would be buried under thick white
neointima when BMS was implanted. The progression of
already present vulnerable plaques may also be a type of
neoatheroslcerosis that causes late stent failure. When the neoin-
tima is very thin we cannot differentiate between yellow plaques
in the original vessel wall behind the stent and those in the
neointima, so the yellow colour of the stented lesions in the
present study includes both of them.

According to the results of clinical trials with long-term
follow-up of up to 5 years available in previous reports or at the
website ClinicalTrial.gov, TLR at 1 and 5 years is 4.9% and
9.4% in SES,2 3 4.4% and 9.1% in paclitaxel-eluting stent
(PES),4 5 5.9% and 7.5% in ZES6 7 and 3.4% and 8.9% in
EES.8 Late stent failure as shown by the yearly TLR between 1
and 5 years is therefore 1.1%/year, 1.2%/year, 0.4%/year and
1.4%/year with SES, PES, ZES and EES, respectively. According
to a recent report from the ENDEAVOR III trial, although
higher angiographic restenosis was observed in ZES than in SES
at the 9-month follow-up, cumulative outcomes through 5 years
demonstrated that the composite endpoint of major adverse
cardiac events and the important components of death, as well
as cardiac death and myocardial infarction, favoured treatment
with ZES compared with SES.31 Further investigation is
required to clarify the association between the presence of
in-stent yellow plaque and the incidence of late stent failure.

To prevent late stent failure caused by unhealed lesion that is
already thrombogenic at 1 year, antiplatelet therapy would be
important; however, to prevent late stent failure caused by new
disruption of vulnerable plaque in the future, anti-
atherosclerotic therapy including statin treatment may be more
important. This hypothesis is expected to be tested in future
investigations.

Study limitations
Although the patient characteristics were generally similar
between ZES and EES, they were not completely matched as
this was not a randomised trial. This was a single-time observa-
tional study at 1 year after implantation so the baseline angio-
scopic data at the time of stent implantation were not available.
A randomised trial or a serial follow-up study would be required
to confirm the results of the present study. Although there is no
angioscopy-pathology validation study to confirm that yellow
plaque in the neointima is an atherosclerotic lesion, since angio-
scopy is a device only to visualise the vessel wall by full-colour
real-time image, we can translate the image using the knowledge
of macroscopic pathology.

CONCLUSIONS
Although both ZES and EES had good healing with homoge-
neous neointima coverage and a low incidence of thrombus for-
mation, EES had more advanced atherosclerosis with higher
grade yellow plaque than ZES at 1 year after implantation.
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