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Abstract

Aims: We sought to investigate subclinical neoatherosclerotic changes and the healing response to siroli-
mus-eluting stents (SES) to clarify the clinical safety and the neointimal pathology of SES more than
10 years after implantation.

Methods and results: We investigated a total of 180 SES without stent failure in 103 patients who
underwent optical coherence tomography (OCT) examination of stented vessels more than five years after
implantation. We assessed the presence or absence of neoatherosclerosis and the healing process using OCT
and compared the results between stents at five to 10 years after implantation (Group A, 114 stents with
19,873 struts) and stents more than 10 years after implantation (Group B, 66 stents with 10,937 struts). The
median stent age of the whole cohort was 9.4 (7.8-10.9) years. In the OCT analysis, Group B was assoc-
iated with higher frequencies of neoatherosclerosis than Group A. However, the prevalence of uncovered
stents and stent malapposition was not significantly different between the two groups.

Conclusions: SES of more than 10 years of age are associated with a higher frequency of OCT-defined
neoatherosclerosis than SES of five to 10 years of age, indicating continuous development of neoatheroscle-
rosis beyond 10 years after implantation.
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Abbreviations

DES drug-eluting stent(s)

IGR interquartile range

ocT optical coherence tomography
SES sirolimus-eluting stent(s)

Introduction

Sirolimus-eluting stents (SES) were introduced in the early 2000s
and rapidly emerged in clinical practice, showing better resteno-
sis rates within one year than those of bare metal stents'2. Even in
the era of second-generation drug-eluting stents (DES), millions
of patients who have been treated with first-generation DES are
still alive, and these patients will naturally become older as time
passes. Therefore, longer follow-up data will be valuable in the
future. However, some studies have raised concerns regarding the
constant increase in stent failure after one year, which has been
attributed to delayed healing®* and neoatherosclerosis by patho-
logical investigations®®. The attenuation of the annual risk of
adverse events from five to 10 years is still controversial’®, and
the clinical safety and underlying pathophysiology of SES at more
than 10 years after stenting are unknown. Optical coherence tomo-
graphy (OCT) is a high-resolution imaging modality that enables
the in vivo assessment of in-stent characteristics®. Similar to patho-
logical investigations, stent malapposition, uncovered struts, and
ruptured neoatherosclerosis detected by OCT are thought to be the
major leading causes of very late stent thrombosis'*'2. We sought
to investigate the neointimal abnormality of SES with an age of
more than five years.

Editorials, see page 1247 and page 1255

Methods

STUDY POPULATION

The institutional database of cardiac catheterisation at Tsuchiura
Kyodo General Hospital between October 2012 and September
2017 (which included data from 2,359 OCT examinations
in 1,392 patients) was searched to identify patients in whom
OCT examination was performed in segments with previously
implanted SES exhibiting no stent failure. According to the pro-
tocol of angiographic and OCT follow-up, coronary angiography
was scheduled as the clinical practice at the physician’s discre-
tion for patients who had received coronary stents. In addition
to coronary angiography, OCT examinations were performed
of vessels in which stents had been implanted more than three
years previously in patients from whom informed consent was
obtained. From the database, we selected patients for analy-
sis if OCT provided sufficient image quality of the neointimal
morphology of SES at more than five years after implanta-
tion. A total of 279 SES from 127 patients were identified for the
analysis. All SES were implanted between June 2004 and August
2010. We excluded stents implanted within a stent (n=91), in-
stent restenosis requiring revascularisation (n=6), and stents with
insufficient image quality (n=2) from the analyses. No stent with
an ongoing thrombotic event was included in the final data set.

Prevalence of long-term neoatherosclerosis in SES

No stent thrombotic event occurred in this population. Therefore,
the final data set included 180 SES from 103 patients. In this
population, 19 stents were subjected to OCT examination as the
non-target lesion at the time of PCI for the other culprit lesion.
The remaining 161 stents were subjected to OCT examination
in accordance with the institutional protocol, as described pre-
viously. Data on baseline patient characteristics were collected
by reviewing medical charts. Angiographic data and OCT find-
ings were compared between stents of five to 10 years of age
(Group A, 114 stents) and stents of more than 10 years of age
(Group B, 66 stents), according to previous studies investigating
long-term outcomes at five and 10 years. The study protocol was
approved by the institutional review board and, prior to catheter-
isation, all patients provided written informed consent for insti-
tutional database registration for future clinical research.

ANGIOGRAPHIC ANALYSIS, OCT IMAGE ACQUISITION AND
ANALYSIS
Quantitative coronary angiography was performed using offline
software (QCA-CMS; Medis medical imaging systems, Leiden, the
Netherlands). The minimum lumen diameter and reference diameter
were measured in diastolic frames from orthogonal projections.
OCT images were acquired after diagnostic coronary
angiography or percutaneous coronary intervention proce-
dure for non-target lesions using frequency-domain OCT sys-
tems (ILUMIEN™; St. Jude Medical, St. Paul, MN, USA, or
Lunawave®; Terumo, Tokyo, Japan). The technique of OCT
image acquisition has been described elsewhere®. A 2.7 Fr OCT
imaging catheter (Dragonfly™ JP; LightLab Imaging [now
St. Jude Medical], or FastView®; Terumo, Tokyo, Japan) was
advanced distal to the stent, and contrast medium was injected
at a flush rate of 3.0 to 4.0 ml/s through the guiding catheter;
pullback was initiated as soon as the blood was cleared. Cross-
sectional OCT images were analysed at intervals of 1.0 mm for
evaluation. The minimal stent and lumen area were semi-auto-
matically traced and determined by using proprietary software
(St. Jude Medical or Terumo) at the Tsuchiura Kyodo Hospital
OCT Laboratory, based on expert consensus documents’.
Qualitative OCT assessment was performed by two experi-
enced investigators (T. Yonetsu and M. Hoshino). Discordance
between the two investigators was resolved through consensus
reading. Lipids were defined as diffusely bordered signal-poor
regions with rapid signal attenuation (Figure 1A). A lipid-laden
neointima was defined as a neointima with lipids exceeding
90 degrees in circumference and 0.5 mm in length. A thin-cap
fibroatheroma-like neointima was defined as a lipid-laden neoin-
tima with a fibrous cap thickness <65 um in the thinnest por-
tion and a lipid angle >180 degrees (Figure 1B)°. Calcification
was defined as a clearly delineated signal-poor region with low
backscatter (Figure 1C). The stent was considered to exhibit neo-
atherosclerosis when a lipid-laden neointima or calcification was
present. Intracoronary thrombi were defined as signal-rich, low-
backscattering protrusions or high-backscattering protrusions
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Figure 1. Representative images of OCT findings. A) Lipid-laden neointima (white arrows). B) A thin-cap fibroatheroma-like neointima. Cap

thickness was measured at the thinnest part (double-headed arrow). C) Calcified neointima (red arrowheads). D) Intracoronary thrombus.

E) Neointimal rupture (red arrows). F) Coronary evagination.

within the lumen showing signal-free shadowing in OCT images
(dimension >250 pm) (Figure 1D). Neointimal rupture was
defined as a discontinuity of the fibrous cap overlying a lipid-
laden neointima (Figure 1E). Coronary evagination was defined
as the presence of an outward bulge in the luminal vessel con-
tour between apposed struts where the maximum depth of the
bulge exceeded the actual strut thickness, as measured semi-
automatically from the deepest point in the bulge to the stent
area trace (Figure 1F)'3!4" Strut-based analysis was performed
at 1 mm intervals within the stented lesion by an experienced
investigator (E. Usui), blinded to stent age or the patient’s clini-
cal characteristics. Cross-sections with side branches or overlap-
ping segments were excluded from the analysis. We measured
the distance between the centre of the blooming artefact and
the luminal surface and, when the distance was >167 um (metal
thickness [140 pm] + abluminal polymer thickness [7 um] +
OCT axial resolution [20 um]), the strut was considered malap-
posed's. An apposed strut was classified as embedded if the dis-
tance between the strut and luminal surface was equal to or less
than 83 um and as protruding if the distance was >83 um and
<167 um'. All visible struts in each 1 mm interval cross-sec-
tion were classified into five categories based on their coverage
and apposition, as follows: 1) covered and embedded; 2) covered
and protruding; 3) covered and malapposed; 4) uncovered and
apposed; and 5) uncovered and malapposed. Representative OCT
images are shown in Figure 2. A stent was defined as uncovered/
malapposed if at least one cross-section showed a ratio of uncov-
ered/malapposed struts to total struts of >0.3.

STATISTICAL ANALYSIS

Data were analysed on a per-patient, per-stent, per-cross-section,
or per-strut basis. Categorical data were expressed as numbers
and percentages and compared via the y* test or Fisher’s exact
test, as appropriate. Continuous variables were expressed as the
meantstandard deviation for normally distributed variables or as
the median (25th-75th percentile) for non-normally distributed vari-
ables and compared using Student’s t-tests and Mann-Whitney U
tests, respectively. Interobserver variability for lipid-laden and cal-
cified neoatherosclerosis was assessed by two independent observ-
ers. Intraobserver variability was assessed by re-analysis of data
from a single observer. Univariable and multivariable logistic
regression analyses were performed to determine the predictors of
neoatherosclerosis. The variables that were found to be significant
in the univariable analyses (p<0.05) were included all together in
the multivariable model. A generalised estimating equation approach
was exercised to consider within-subject correlations resulting from
the analysis of multiple stents within a single patient. For the cross-
section-level and strut-level analyses, we estimated proportions in
each group and their odds ratios by using a generalised linear mixed
model to account for a multilevel data structure. We included stent
age (five to 10 years vs. >10 years) as a fixed effect and patients,
stents, and cross-sections (for strut-level analysis) or patients and
stents (for cross-section-based analysis) as random intercepts. SPSS,
Version 23.0 (IBM Corp, Armonk, NY, USA) and R statistics ver-
sion 3.2.3 (R Foundation for Statistical Computing, Vienna, Austria)
were used for the statistical analyses. A p-value <0.05 was consid-
ered statistically significant.
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Figure 2. Representative images of strut apposition and neointimal coverage of a sirolimus-eluting stent. A) Covered and malapposed.

B) Covered and protruding. C) Covered and embedded. D) Uncovered and malapposed. E) Uncovered and apposed.

Results

PATIENT CHARACTERISTICS AND ANGIOGRAPHIC DATA

The baseline patient characteristics are summarised in Table 1.
The median stent age was 8.3 (interquartile range [IQR] 7.4-9.3)
years in Group A, 11.3 (IQR 10.8-12.2) years in Group B, and 9.4
(IQR 7.8-10.9) years in the whole cohort. There were no signi-
ficant differences in baseline clinical characteristics between the
two groups except for angiotensin-converting enzyme inhibi-
tor or angiotensin receptor blocker use. The frequency of stents
implanted at culprit lesions due to acute coronary syndrome at
the index procedure was 14/114 (12.3%) in Group A and 15/66
(22.7%) in Group B (p=0.07). Neither mean stent size nor length
differed between the two groups. Angiographic minimal lumen
diameter, reference diameter, and stenosis diameter were not signi-

ficantly different between the two groups (Table 2).

OCT ANALYSIS

There was good interobserver and intraobserver concordance in
the diagnosis of lipid-laden (k=0.91, 0.93) and calcified (k=0.89,
0.91) neoatherosclerosis. OCT findings were compared between
Group A (114 stents with 19,873 struts) and Group B (66 stents
with 10,937 struts). In OCT analysis, Group B was associated
with higher frequencies of lipid-laden neoatherosclerosis and
calcified neoatherosclerosis and a lower frequency of evagina-
tion than Group A. However, the prevalence of uncovered stents
and stent malapposition was not significantly different between
the two groups (Table 2, Figure 3). The same tendencies were
observed in the strut-level and cross-section-level analyses
(Table 3). The prevalence of intracoronary thrombi, neointimal

rupture, and thin-cap fibroatheroma-like neointimas showed no
significant differences between the two groups. The follow-up
OCT findings showed no significant differences between the two
groups divided by the baseline clinical presentation, specifically,
patients with acute coronary syndrome and those with stable
angina pectoris (Supplementary Table 1). Univariable logis-
tic regression analysis showed that the absence of B-blocker
use and a stent age of more than 10 years were associated with
the presence of neoatherosclerosis. In the multivariable logistic
regression analysis, a stent age of more than 10 years was the
only independent predictor of neoatherosclerosis (Supplementary
Table 2).
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Figure 3. Comparison of neointimal characteristics in stents of age
5-10 years versus >10 years.
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Table 1. Patient characteristics.

Total (n=103)

5-10 years (n=67)

>10 years (n=36) | p-value

Age, yrs 68.2+7.0 67.9+6.3 68.7+8.3 0.58
Female, n (%) 10 (9.7) 6 (9.0) 4(11.1) 0.74
Hypertension, n (%) 65 (63.1) 42 (62.7) 23 (63.9) 0.90
Dyslipidaemia, n (%) 69 (67.0) 44 (65.7) 25 (69.4) 0.70
Diabetes, n (%) 49 (47.6) 32 (47.8) 17 (47.2) 0.96
Current smoker, n (%) 14 (13.6) 8(11.9) 6 (16.7) 0.55
Previous myocardial infarction, n (%) 48 (46.6) 29 (43.3) 19 (52.8) 0.36
Total cholesterol, mg/dL 163 (146-186) 164 (148-186) 159 (134-192) 0.41
LDL cholesterol, mg/dL 88 (76-106) 88 (76-105) 87 (74-112) 0.75
HDL cholesterol, mg/dL 46 (40-54) 45 (40-52) 46 (41-58) 0.23

Triglyceride, mg/dL

140 (108-194)

135 (108-197) 154 (108-187) 0.89

C-reactive protein, mg/dL

0.05 (0.03-0.13)

0.05 (0.03-0.08) 0.06 (0.03-0.14) 0.60

Medication, n (%) ACE-l or ARB 61 (59.2) 34 (50.7) 27 (75.0) 0.02
B-blocker 65 (63.1) 43 (64.2) 22 (61.1) 0.76
Statin 88 (85.4) 55 (82.1) 33(91.7) 0.19
Echocardiographic LVEF, % 63 (57-67) 62 (57-67) 64 (54-68) 0.55

Values are presented as n (%), meanzstandard deviation or median (25"-75™ percentile). ACE-I: angiotensin-converting enzyme inhibitor;
ARB: angiotensin receptor blocker; HDL: high-density lipoprotein; LDL: low-density lipoprotein; LVEF: left ventricular ejection fraction

Discussion

To the best of our knowledge, this is the first study to investigate
the prevalence of subclinical complications including malapposi-
tion, uncovered strut, and neoatherosclerosis, in SES with a stent
age of more than 10 years and stents less than 10 years of age.
The main findings of our study are as follows. SES of more than
10 years of age are: 1) significantly more frequently associated
with neoatherosclerosis, and 2) less frequently, albeit non-signi-
ficantly, associated with strut uncoverage and malapposition than
are SES of five to 10 years of age.

In a 10-year observational study, Gallge et al showed that major
adverse cardiac events occurred in 32.5% of patients who under-
went SES implantation, with a steady annual rate of 2.6% after
the first year. The authors also revealed that stent thrombosis
occurred in 13.3% of patients with SES, with a steady annual rate
of 1.2% after the first year®. In contrast, in a long-term follow-
up trial, Yamaji et al revealed that the annual risk of ischaemia-
driven target lesion revascularisation and definite stent thrombosis
was significantly higher between one and five years than between
five and 10 years after first-generation DES implantation, which
suggested attenuation of the annual risk of late stent complica-
tions over time’. Thus, although it remains controversial whether
the annual risk of stent thrombosis increases or decreases, patients
who receive SES implantation continue to suffer from stent fail-
ure in their chronic phase. Recently, Adriaenssens et al reported
that the predominant OCT findings associated with very late stent
thrombosis occurring at a median of five years after stenting were
neoatherosclerosis and uncovered struts for all kinds of stents,
while for first-generation DES it was uncovered struts'®>. Several
OCT studies based on retrospective data have also indicated that

malapposition, neoatherosclerosis and uncovered struts are the
major indicators of very late stent thrombosis'®!".

Conversely, the prognostic impact of neoatherosclerosis has also
been reported, although the sample size involved and prospective
studies are limited. Kuroda et al retrospectively studied the asso-
ciation between neoatherosclerosis and future events and revealed
that, after a follow-up duration of 50.9+7.7 months, the pres-
ence of neoatherosclerosis was an independent predictor of major
adverse cardiac events'. Ueda et al performed a single-centre pro-
spective study using angioscopy and reported that, after a follow-
up interval of 4.3£2.4 years, in-stent yellow neointima at one year
after DES implantation and the absence of statin therapy were risk
factors for very late stent failure-associated events'’. These data
suggest that neoatherosclerosis may serve as a surrogate marker of
the risk for future adverse cardiac events.

In the present cross-sectional observational study, we investi-
gated the frequency of subclinical neointimal abnormality of SES
with a stent age of more than five years. Our main findings may
explain why patients continuously suffer from a risk of very late
stent failure after SES implantation and indicate that this risk
may develop over 10 years after implantation, indicating that the
neointima of SES proliferates continuously beyond five and 10
years. We can also speculate that the dominant mechanism of stent
thrombosis may shift from delayed neointimal healing to neoath-
erosclerosis. Furthermore, if the main mechanism of stent throm-
bosis shifts, the therapeutic strategy for secondary prevention
should also be shifted, from an intensive antiplatelet therapy for
uncovered or malapposed struts to intensive lipid-lowering ther-
apy and glycaemic control to prevent neoatherosclerotic changes
within the stent. Among the six patients with stent failure during
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Table 2. Clinical, angiographic, and optical coherence tomography findings.

|

£

D

Total (n=180) 5-10 years (n=114) >10 years (n=66) p-value §

Clinical and angiographic findings §

Follow-up period, yrs 9.4 (7.8-10.9) 8.3 (7.4-9.3) 11.3(10.8-12.2) <0.01 =

Baseline ACS event, n (%) 29 (16.1) 14 (12.3) 15 (22.7) 0.07 5

Lesion location, n (%) 0.83 £

Left anterior descending artery 107 (59.4) 67 (58.8) 40 (60.6) §

Right coronary artery 36 (20.0) 22 (19.3) 14 (21.2) g’

Left circumflex artery 37 (20.6) 25(21.9) 12 (18.2) @

Minimal lumen diameter, mm 2.24+0.57 2.28+0.55 2.17+0.60 0.22 @
Reference diameter, mm 2.88+0.54 2.94+0.52 2.70+0.56 0.05
Diameter stenosis, % 21.0(14.0-30.1) 20.6 (13.4-31.5) 21.7 (14.9-28.0) 0.75
Stent size, mm 3.00 (3.00-3.50) 3.00 (3.00-3.50) 3.00 (3.0-3.50) 0.61
Stent length, mm 23 (19-28) 23 (18-28) 23 (23-28) 0.63
Minimal stent area, mm? 6.42 (4.79-8.17) 6.59 (4.65-8.11) 6.36 (4.80-8.25) 0.98
Minimal lumen area, mm?2 4.02 (2.87-5.58) 4.22 (2.84-5.68) 3.81 (2.87-5.25) 0.60
Any uncovered strut, n (%) 109 (60.6) 70 (61.4) 39 (59.1) 0.76
Any CS with uncovered strut, n (%) 107 (59.4) 68 (59.6) 39 (59.1) 0.94
rli]?ﬁ)oieg%d)ysae?%any CS with uncovered strut 36 (20.0) 25 (21.9) 11 (16.7) 0.40
Any malapposed strut, n (%) 63 (35.0) 43 (37.7) 20 (30.3) 0.32
Any CS with malapposed strut, n (%) 60 (33.3) 41 (36.0) 19 (28.8) 0.33
rSatt(?gt>giqupﬁo(i}:;on (any CS with malapposed strut 22 (12.2) 17 (14.9) 5(7.6) 0.15
Neoatherosclerosis, n (%) 71 (39.4) 32 (28.1) 39 (59.1) <0.01
Lipid-laden neoatherosclerosis, n (%) 49 (27.2) 23 (20.2) 26 (39.4) <0.01
Lipid-laden neoatherosclerosis arc, degree 165+67.9 166+67.6 163+69.4 0.87
Lipid-laden neoatherosclerosis length, mm 4.4 (2.7-6.8) 3.9 (2.4-6.2) 4.9 (3.5-7.8) 0.07
Calcified neoatherosclerosis, n (%) 30 (16.7) 9(7.9) 21 (31.8) <0.01
Intracoronary thrombus, n (%) 4(2.2) 1(0.9) 3(4.5) 0.14
Neointimal rupture, n (%) 5(2.8) 3(2.6) 2 (3.0) 0.88
Thin-cap fibroatheroma-like neointima, n (%) 8(4.4) 3(2.6) 5(7.6) 0.12
Evagination, n (%) 45 (25.0) 36 (31.6) 9(13.6) <0.01

Values are presented as n (%), meanzstandard deviation or median (25%-75% percentile). ACS: acute coronary syndrome; CS: cross-section

Table 3. Strut and cross-sectional analysis.

Total 5-10 years >10 years 0dds ratio (95% CI) | p-value
Strut analysis
Total stent struts, n 30,810 19,873 10,937
Uncovered struts, n (%) 689 (2.2) 481 (2.4) 208 (1.9) 1.46 (0.75-2.89) 0.26
Malapposed struts, n (%) 426 (1.4) 322 (1.6) 104 (1.0) 1.83 (0.54-6.18) 0.31
Total cross-sections 3,977 2,524 1,453
CS with uncovered strut, n (%) 356 (9.0) 236 (9.4) 120 (8.3) 1.25 (0.69-2.29) 0.46
CS with uncovered strut ratio >0.3, n (%) 84 (2.1) 57 (2.3) 27 (1.9) 1.40 (0.38-5.52) 0.60
CS with malapposed strut, n (%) 176 (4.4) 134 (5.3) 42 (2.9) 1.96 (0.73-5.30) 0.17
CS with malapposed strut ratio >0.3, n (%) 48 (1.2) 37 (1.5) 11 (0.8) 2.11 (0.26-31.4) 0.49
Values are presented as n (%), median (25"-75" percentile). Odds ratios (95% Cl) and p-values were calculated by using a generalised linear
mixed-effects model. Cl: confidence interval; CS: cross-section




m
=
=
=
=
=3
(1]
=
<
(1
=
=
o
=
N
o
=
&
i
&
o
=
w
=
(2]
1
()
=
w
N
w

the study period, all six stents developed neoatherosclerosis. One
of these stents showed disruption of the lipid-laden neointima. No
thrombi, uncovered struts, malapposed struts, or evaginations were
observed in these six SES. Furthermore, three patients did not
receive statin treatment, and two patients had poor glycaemic con-
trol (HbAlc >7.0%). Since the present study was based on cross-
sectional, retrospective analyses, it remains elusive how often
neoatherosclerosis resulted in clinical events. Moreover, the dif-
ference in clinical impact between lipid-laden neoatherosclerosis
and calcified neoatherosclerosis has not been elucidated. However,
the fact that all six stents showing stent failure exhibited neoath-
erosclerosis might in part suggest the contribution of neoathero-
sclerosis to stent failure in a very late phase, rather than delayed
neointimal healing. Further studies are needed to clarify whether
there is any difference in culprit lesion neoatherosclerosis of stent
failure and the long-standing silent neoatherosclerosis observed in
the present study.

Study limitations

This study has several limitations that should be considered
when interpreting the results. First, this was a retrospective,
observational study that included subjects from a single cen-
tre. Although OCT examination was scheduled and performed
in accordance with the institutional protocol, the sample size of
our data set (n=279) accounted for only a small proportion of the
total number of SES implanted throughout the period (n=1,567).
Selection bias and the limitation of the registry design may have
affected the results. Second, since the prognostic impact of neo-
atherosclerosis has not been fully investigated in a large-scale
prospective study, our results considering neoatherosclerosis as
one of the surrogate markers of future events are hypothesis-gen-
erating and should be carefully interpreted. Third, we excluded
stent-in-stent lesions and overlapping segments, both of which
can affect the formation of neoatherosclerosis. Therefore, the
analysis does not completely reflect the real-world situation of
long-term follow-up after SES implantation. Fourth, since the
number of SES within five years of age in our institutional data-
base was very small (n=6), we limited the investigation of the
time course of in-stent characteristics to SES at more than five
years after implantation. Finally, OCT images at the index proce-
dure were not available. Therefore, the impact of baseline plaque
characteristics on the subsequent neointimal change could not
be assessed. Laboratory data and medication status at the time
of the index procedure and during the study period were also
incomplete. These deficits may have caused an unfair interpre-
tation of the long-term effects of clinical factors on neointimal

morphology.

Conclusions

SES of more than 10 years of age are associated with a higher
frequency of OCT-defined neoatherosclerosis than SES of five
to 10 years of age, while uncovered/malapposed stents tend to
be less frequent, albeit non-significantly, beyond 10 years after

implantation than after five to 10 years of stenting. These results
might be indicative of the continuous development of neoathero-
sclerosis and an increased risk of stent failure more than 10 years
after SES implantation.

Impact on daily practice

SES of more than 10 years of age were associated with a higher
frequency of OCT-defined neoatherosclerosis than SES of five
to 10 years of age, while the prevalence of uncovered stents
and malapposed stents tended to be lower in SES of more than
10 years of age than in the other group. These results might
indicate that an increased risk of super-delayed SES failure
might be attributable to continuous development of neoathero-

sclerosis, rather than delayed neointimal healing.
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Supplementary data

Supplementary Table 1. Association between baseline clinical presentation and follow-up
optical coherence tomography findings.

ACS culpritat  Non-ACS culprit
Total . .
(n=180) baseline at baseline p-value
(n=29) (n=151)
Any uncovered strut, n (%) 109 (60.6) 14 (48.3) 95 (62.9) 0.14
Any CS with an uncovered
strut, n (%) 107 (59.4) 13 (44.8) 94 (62.3) 0.08
Uncovered stent (any CS with
an uncovered strut ratio >0.3), n 36 (20.0) 3(10.3) 33 (21.9) 0.16
(%)
Any malapposed strut, n (%) 63 (35.0) 10 (34.5) 53 (35.1) 0.95
Any CS with a malapposed
strut, n (%) 60 (33.3) 10 (34.5) 50(33.1) 0.89
Stent malapposition (any CS
with a malapposed strut ratio 22 (12.2) 4 (13.8) 18 (11.9) 0.76
>0.3), n (%)
Neoatherosclerosis, n (%) 71 (39.4) 12.(41.4) 59 (39.1) 0.82
I1141(1?)2)(;-1aden neoatherosclerosis, 49 (27.2) 6(20.7) 43 (28.5) 0.39
(Cozl)mﬁed neoatherosclerosis, n 30 (16.7) 6 (20.7) 24 (15.9) 0.53
Evagination, n (%) 45 (25.0) 7 (24.1) 38(25.2) 0.91
Major evagination, n (%) 21 (11.7) 3(10.3) 18 (11.9) 1.00

Values are presented as n (%).
ACS: acute coronary syndrome; CS: cross-section



Supplementary Table 2. Univariable and multivariable logistic regression analysis.

Univariable logistic regression Multivariable logistic regression
OR 95% CI p-value OR 95% CI p-value
Prediction of neoatherosclerosis

Age, yrs 1.004  0.957-1.052 0.880
Female 1.293  0.440-3.804 0.640
Hypertension 1.448 0.769-2.726 0.252
Dyslipidaemia 1.181 0.605-2.305 0.626
Diabetes 1.802  0.921-3.525 0.085
Current smoker 1.244 0.570-2.716 0.584
Previous myocardial infarction 1.383 0.708-2.699 0.343
Total cholesterol, mg/dL 0.993  0.982-1.004 0.227
LDL cholesterol, mg/dL 0.991 0.977-1.006 0.233
HDL cholesterol, mg/dL 1.010  0.984-1.037 0.436
Triglyceride, mg/dL 0.998  0.993-1.003 0.398
C-reactive protein, mg/dL 1.167  0.456-2.995 0.746
Chronic kidney disease 0.638  0.311-1.309 0.220
Medication at follow-up, n (%)

ACE-I or ARB 0.925  0.482-1.775 0.815

B-blocker 0.484  0.249-0.944 0.033 0.514 0.261-1.015 0.055

Statin 1.347  0.465-3.908 0.583
Echocardiographic LVEF 0.999  0.965-1.034 0.932
Stent age >10 years 3.702 1.931-7.099  <0.001 3.586 1.863-6.910  <0.001
Baseline ACS event 1.101 0.381-3.184 0.859
;];}Ei]ihOIGStemI at initial stenting, 0.996 0.983-1.009 0.560
Medication at initial stenting, n (%)

ACE-I or ARB 1.273  0.559-2.892 0.566

B-blocker 1.303  0.618-2.748 0.487

Statin 0.728  0.352-1.507 0.393

Prediction of lipid-laden neoatherosclerosis

Age, yrs 1.010  0.959-1.063 0.718
Female 1.513  0.427-5.366 0.521
Hypertension 1.246 0.616-2.522 0.540
Dyslipidaemia 1.232  0.593-2.560 0.575
Diabetes 0.899  0.434-1.859 0.773
Current smoker 1.046  0.401-2.732 0.926
Previous myocardial infarction 1.611 0.760-3.421 0.214
Total cholesterol, mg/dL 1.006  0.995-1.017 0.273
LDL cholesterol, mg/dL 1.003 0.999-1.018 0.673
HDL cholesterol, mg/dL 1.014  0.986-1.043 0.340
Triglyceride, mg/dL 1.001 0.996-1.006 0.670
C-reactive protein, mg/dL 1.039  0.285-3.796 0.954

Chronic kidney disease 0.712  0.318-1.595 0.409



Medication at follow-up, n (%)

ACE-I or ARB 0.573  0.279-1.179 0.131
B-blocker 0.559  0.270-1.157 0.117
Statin 1.224  0.367-4.088 0.742
Echocardiographic LVEF, % 1.004  0.966-1.045 0.826
Stent age >10 years 2.573 1.276-5.181 0.008  2.573 1.276-5.181 0.008
Baseline ACS event 0.655 0.219-1.956 0.449
LDL cholesterol at initial stenting, 0994  0.982-1.007 0377
mg/dL
Medication at initial stenting, n (%)
ACE-I or ARB 0.855  0.357-2.042 0.724
B-blocker 1.064  0.485-2.333 0.878
Statin 0.768  0.352-1.679 0.509
Prediction of calcified neoatherosclerosis
Age, yrs 0.985  0.924-1.050 0.642
Female 0.524  0.127-2.155 0.370
Hypertension 1.737  0.681-4.428 0.248
Dyslipidaemia 0.820  0.322-2.085 0.676
Diabetes 3.501 1.207-10.16 0.021 3.463 1.162-10.33 0.026
Current smoker 1.300 0.418-4.043 0.650
Previous myocardial infarction 0.804  0.347-1.861 0.610
Total cholesterol, mg/dL 0.985  0.967-1.004 0.130
LDL cholesterol, mg/dL 0.980  0.956-1.005 0.121
HDL cholesterol, mg/dL 1.030 1.001-1.062 0.051
Triglyceride, mg/dL 0.995  0.988-1.062 0.134
C-reactive protein, mg/dL 0.798 0.214-2.968 0.736
Chronic kidney disease 0.688  0.264-1.793 0.444
Medication at follow-up, n (%)
ACE-T or ARB 2.651 1.033-6.686 0.043 1.160 0.375-3.579 0.797
B-blocker 0.554  0.217-1.419 0.219
Statin 1.228  0.315-4.783 0.768
Echocardiographic LVEF, % 0.978  0.931-1.027 0.384
Stent age >10 years 5.447  2340-12.67 <0.001 5.518 2.002-15.20 0.001
Baseline ACS event 1.380 0.433-4.406 0.586
LDL cholesterol at initial stenting, 0.998 0.979-1.017 0.857
mg/dL
Medication at initial stenting, n (%)
ACE-I or ARB 3.037 1.030-8.953 0.044  2.545 0.815-7.941 0.108
B-blocker 1.839  0.633-5.333 0.263
Statin 1.121 0.390-3.222 0.832

ACE-I: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; ACS:
acute coronary syndrome; CI: confidence interval; HDL: high-density lipoprotein; LDL: low-
density lipoprotein; LVEF: left ventricular ejection fraction; OR: odds ratio



