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Abstract

The phenomenon to heal neointimal rupture or thrombus after coronary stenting occurs as well as in native coronary artery.
We investigated clinical characteristics and neointimal vulnerability of healed neointima by optical coherence tomography
(OCT). We treated 67 lesions by percutaneous coronary intervention for in-stent restenosis (ISR) and conducted OCT
examinations. Healed neointima was defined as neointima having one or more layers with different optical densities and
a clear demarcation from underlying components. ISR with healed neointima was found in 49% (33/67) of the lesions.
Compared to ISR without healed neointima, ISR with healed neointima showed significantly longer stent age (102 +72 vs.
31439 months, P <0.001), lower frequency of dual antiplatelet therapy [42% (14/33) vs. 74% (25/34), P=0.017], lower
use of angiotensin-converting enzyme inhibitor or angiotensin II receptor blocker (ACE-I or ARB) [61% (20/33) vs. 91%
(31/34), P=0.028], lower usage of second-generation drug-eluting stents (DESs) [36% (12/33) vs. 63% (22/34), P=0.029],
higher usage of thick-strut stents [42% (14/33) vs. 15% (5/34), P=0.012], larger neointimal area (6.8 +2.6 vs. 5.2+ 1.8 mm?,
P=0.005), higher incidence of thin-cap fibroatheroma [58% (19/33) vs. 21% (7/34), P =0.002], neointimal rupture [45%
(15/33) vs. 9% (3/34), P=0.001], and lower incidence of stent underexpansion [15% (5/33) vs. 44% (15/34), P=0.010]. In
conclusions, ISR with healed neointima was associated with neointimal vulnerability, stent age, stent type, stent strut thick-
ness, stent expansion, antiplatelet therapy, and use of ACE-I or ARB.
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Introduction

Healed plaques in native coronary artery indicate the repair
phenomenon of ruptured fibrous caps and erosions in pathol-
ogy studies [1-3]. Healed plaques associated with plaque
vulnerability on optical coherence tomography (OCT),
local and systemic inflammation, and coronary risk factors
in acute coronary syndrome lesions (ACS) [4].

The development of atherosclerosis within neointimal tis-
sue after coronary stenting, called neoatherosclerosis, has
been reported in a pathologic study [5]. Neoatherosclerosis
detected by OCT after stent implantation is associated with
stent thrombosis and target lesion revascularization [6, 7].
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A similar phenomenon of healed plaque in native coro-
nary plaque is considered to occur in neointima after stent
implantation [8]. However, there are few reports in the litera-
ture regarding clinical characteristics and neointimal vulner-
ability of healed tissue in neointima, which is called healed
neointima in this study.

OCT has high resolution [9], and it is the only modality
able to detect neointimal characteristics [10, 11]. We inves-
tigated the clinical, procedure, and neointimal characteristics
of healed neointima in in-stent restenosis (ISR) lesions by
OCT.

Clarifying the factors that cause healed neointima is
important for avoiding stent restenosis and stent thrombosis,
and might enable clinicians to improve procedural strategies
and medical therapy.
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Methods
Patient population

Between February 2012 and July 2021, we performed per-
cutaneous coronary intervention (PCI) for 477 lesions for
ISR at Toho University Faculty of Medicine. The present
study consecutively enrolled 87 lesions treated by PCI for
ISR that underwent OCT examinations before PCI. The
exclusion criteria were as follows: (1) left main trunk dis-
ease, (2) chronic total occlusion, (3) cardiogenic shock,
(4) tortuous or calcified vessels with expected difficulty
in advancing the OCT catheter, (5) large vessel expected
limitation in OCT imaging, (6) the presence of large
amounts of thrombus, (7) congestive heart failure with
left ventricular ejection fraction <40%, and (8) renal insuf-
ficiency with baseline serum creatinine > 2.0 mg/dL. This
study was approved by the Toho University Omori Medi-
cal Center Ethics Committee (approval number M20107).
In this observational study, comprehensive agreement was
obtained from all patients in the opt-out form on the web-
site of Toho University Omori Medical Center.

Stable angina pectoris (SAP) was defined as chest pain
on exertion without changes in frequency or intensity for
at least 4 weeks, and the patients had myocardial ischemia
based on either stress myocardial scintigraphy or fractional
flow reserve. The estimated glomerular filtration rate was
calculated using the Chronic Kidney Disease Epidemiology
Collaboration equation [12]. Chronic kidney disease was
defined as a patient having an estimated glomerular filtration
rate of <60 mL/min/1.73 mZ2, which is consistent with the
National Kidney Foundation classification stages 3—5 [13].

The treatment strategy and the selection of stents at the
time of baseline PCI were determined by the physicians.
PCI was performed by the conventional strategy using
OCT. Dual antiplatelet therapy was recommended for
patients with bare metal stents (BMSs) for >2 months, and
for patients with drug-eluting stents (DESs) for > 6 months
after stent implantation.

Antithrombotic treatment regimens at ISR were defined
as follows: (1) single antiplatelet therapy: aspirin or P2Y,
inhibitor; (2) dual antiplatelet therapy: aspirin and P2Y,
inhibitor; (3) dual antithrombotic therapy: oral anticoagu-
lation (OAC) plus aspirin or P2Y, inhibitor; (4) triple
antithrombotic therapy OAC plus aspirin and P2Y |, inhib-
itor; (5) Anticoagulant monotherapy: warfarin or direct
oral anticoagulants.

First-generation DESs were defined as the first-genera-
tion sirolimus-eluting stent: Cypher, or paclitaxel-eluting
stent paclitaxel-eluting stents: TAXUS; second-generation
DESs were defined as the DESs that became available after
the first-generation DESs.
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ISR was defined as > 50% diameter stenosis at the stented
site. Stents with a strut thickness < 100 pm were classified
as thin, whereas stents with a strut thickness > 100 pm were
classified as thick [14].

PCl procedure

At the time of PCI for ISR, all patients received aspi-
rin (100 mg/day), clopidogrel (75 mg/day), or prasugrel
(3.75 mg/day approved daily dose in Japan) before PCI.
Intravenous heparin (100 U/kg) and intracoronary nitrates
were administered at the beginning of the procedure. After
initial angiography, OCT was performed. Thrombolysis In
Myocardial Infarction (TIMI) flow grade was assessed as
described previously [15]. The angiographic slow flow was
defined as a decrease of at least 1 grade in TIMI flow during
PCI or final TIMI flow grade 0 and 1 or 2, with no evidence
of thrombus, spasm, or dissection. Periprocedural myocar-
dial Infarction was defined as a creatine kinase-myocardial
band (CK-MB) elevation > 3 X the upper limit of normal
within 24 h post-PCI. Platelet glycoprotein IIb/IIla receptor
inhibitors were not used because these are not available in
Japan.

OCT procedure and analysis

OCT was performed with a frequency-domain (C7-XR, OCT
Intravascular Imaging System; St Jude Medical, St Paul,
MN, USA) OCT system. Before PCI, a 2.7 F OCT imaging
catheter (Dragonfly; St Jude Medical) was advanced distal to
the end of the stent, and automated pullback was performed
with blood clearance by the injection of contrast medium or
dextran. The OCT data were stored digitally and analyzed by
an ILUMIEN OCT imaging system (St Jude Medical). Off-
line analyses were performed by two experienced observ-
ers blinded to the patients’ clinical data. Any discrepancies
between the observers were resolved by consensus. Mor-
phologic evaluation of OCT images was performed from the
distal to proximal edge of the stent.

Lipid-laden neointima was defined as a diffusely bor-
dered signal-poor region with rapid signal attenuation [16].
Of lipid-laden neointima, thin-cap fibroatheromas (TCFAs)
were defined as a fibrous cap thickness <65 pm at the thin-
nest part [16]. Neointimal rupture was a break in the fibrous
cap that connected the lumen with the underlying lipid pool
[17]. Calcification inside the neointima was defined as a
clearly delineated, signal-poor region with low backscatter
[16]. Thrombus was defined as a mass attached to a lumi-
nal surface or floating within the lumen [16]. Microvessels
were defined as a small vesicular or tubular structure with
a diameter > 50 pm and <300 pm [18]. Neoatherosclerosis
was defined as lesions with lipid-laden neointima or calcifi-
cation within neointima [19]. Healed neointima was defined
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as neointima with one or more layers with different optical
densities and a clear demarcation from underlying compo-
nents on OCT (Fig. 1), as proposed in previous ex vivo and
OCT studies [1, 20] and a recent histology validation study
of native coronary tissue [4, 21].

For quantitative evaluation, all cross-sectional OCT
images were evaluated and the following parameters were
analyzed: the minimum lumen cross-sectional areas (CSA),
minimum reference CSA, maximum neointimal hyperpla-
sia CSA, maximum neointimal thickness, and proximal and
distal reference lumen CSA. Mean reference CSA was the
average of the proximal and distal reference lumen CSA.
Proximal and distal reference lumen CSAs were at the slices
with the largest lumen CSA within 5 mm proximal and distal
to the stent edges. Stent expansion index was a ratio of mini-
mal stent CSA to mean reference CSA. Stent underexpansion
was MSA < 4.5 mm? and stent expansion index < 0.7 [22].

Statistical analysis

Statistical analysis was performed using SPSS version 24.0
(SPSS, Inc., Chicago, IL, USA). Continuous data were
expressed as the mean + SD. Categorical data are presented
as numbers (percentages). Normality of the data was veri-
fied by the Kolmogorov—Smirnov test. Continuous data were
compared using unpaired Student’s t-test for normally dis-
tributed values or Mann—Whitney U test for nonnormally
distributed values. Categorical variables were compared
with the chi-square test or Fisher’s exact test. P values
of <0.05 were considered statistically significant.

Results

We excluded cases as follows: (1) acute myocardial
infarction or acute coronary syndrome (n =3), (2) OCT
examinations after ballooning (n=9); and (3) poor OCT

images (n=_8). Finally, we analyzed 67 SAP patients
and 67 lesions that underwent OCT examinations before
PCI. Lesions with healed neointima were found in 49%
(33/67). The patients were divided into lesions with
healed neointima (n=33) and those without healed neoin-
tima (n=34).

The clinical and procedure characteristics at the time
of ISR are listed in Tables 1 and 2. Patients with healed
neointima were significantly longer stent age (102 + 72
vs. 31 +39 months, P <0.001), showed significantly
lower high-density lipoprotein cholesterol (HDL-C) at
ISR (42 +12 vs. 53 + 16 mg/dl, P =0.005), higher triglyc-
erides at ISR (178 + 84 vs. 138 £ 67 mg/dl, P=0.039),
lower use of angiotensin-converting enzyme inhibitor or
angiotensin II receptor blocker (ACE-I or ARB) [61%
(20/33) vs. 91% (31/34), P=0.028], lower frequency of
dual antiplatelet therapy [42% (14/33) vs. 74% (25/34),
P =0.017], lower use of P2Y |, inhibitor [55% (18/33) vs.
85% (29/34), P=0.006], longer duration of antiplatelet
therapy (74 + 65 months vs. 19 +23 months, P <0.001).
The clinical and procedure characteristics at baseline are
listed in Table 3. Compared to lesions without healed
neointima, those with healed neointima had significantly
lower use of second-generation DESs [36% (12/33) vs.
65% (22/34), P=0.029], and higher use of thick-strut
stents [42% (14/33) vs. 15% (5/34), P=0.012]. There
were no relations between with healed neointima and
slow flow during PCI or procedural myocardial infarc-
tion. OCT findings at the time of ISR are listed in Table 4
and Fig. 2. Compared to lesions without healed neoin-
tima, those with healed neointima showed significantly
larger mean reference CSA (9.2+1.2 vs. 7.2 +2.0 mm?,
P=0.015), larger neointimal hyperplasia CSA (6.8 +2.6
vs. 5.2+ 1.8 mm? P= 0.005), higher neointima thickness
(1.2+0.3 vs. 0.9+ 0.3 mm, P <0.001), higher expansion
index (0.88 +£0.09 vs. 0.81+0.18, P=0.043), higher
incidence of lipid-laden neointima [70% (23/33) vs. 32%

Fig. 1 Representative optical coherence tomography images of healed neointima Optical coherence tomography images of healed neointima

(white arrow) (A-C)
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Table 1 Clinical characteristics
at the time of in-stent restenosis

Variable Healed neointima P value
Yes Yes
(n=33) (n=33)

Time since stent implantation (months) 102+72 31+39 <0.001
Age (years) 68+11 64+11 0.171
Gender (male/female) 30/3 28/6 0.253
BMI (kg/m?) 25+3 2443 0.090
Hypertension 24 (73%) 24 (71%) 0.846
Diabetes mellitus 18 (55%) 12 (35%) 0.113
Dyslipidemia 29 (88%) 29 (85%) 0.520
Chronic kidney disease 11 (33%) 15 (44%) 0.365
Current smokers 14 (42%) 14 (41%) 0.918
Prior myocardial infarction 15 (45%) 18 (53%) 0.540
Prior coronary bypass 0 (0%) 1 (3%) 0.507
Family history of coronary artery disease 4 (12%) 5 (15%) 0.520
Clinical presentation of stable angina pectoris 33 (100%) 34 (100%) -
Alb (g/dL) 4.1+03 4.1+04 0.438
Total cholesterol (mg/dl) 159+35 170+46 0.270
Low-density lipoprotein cholesterol (mg/dl) 86+29 91+41 0.594
High-density lipoprotein cholesterol (mg/dl) 42+12 53+16 0.005
Triglycerides (mg/dl) 178 +84 138 +£67 0.039
Baseline creatine kinase (IU/L) 97 +£68 103+ 66 0.706
Post creatine kinase (IU/L) 120+114 94 +71 0.264
Baseline creatine kinase-myocardial band (IU/L) 10+5 9+3 0.857
Post creatine kinase-myocardial band (IU/L) 13+11 11+7 0.276
Hemoglobin Alc (%) 6.6+1.3 6.4+0.9 0.517
Estimated glomerular filtration rate (mL/min/1.73 m?) 58.4+24.8 59.9+0.2 0.824
Ejection fraction (%) 59.4+12.0 60.4+14.6 0.750
Medications in use

Angiotensin-converting enzyme inhibitor or angiotensin II 20 (61%) 31 (91%) 0.003

receptor blocker

Beta-blocker 19 (58%) 25 (74%) 0.169

Statin 26 (79%) 29 (85%) 0.487
Antithrombotic therapy

Single antiplatelet therapy 14 (42%) 3 (9%) 0.017

Dual antiplatelet therapy 14 (42%) 25 (74%)

Dual antithrombotic therapy 2 (6%) 1 (3%)

Triple antithrombotic therapy 2 (6%) 3 (9%)

Anticoagulant monotherapy 1(3%) 0 (0%)
Regimen of antiplatelet drug

Aspirin 30 (91%) 32 (94%) 0.486

P2Y,, inhibitor 18 (55%) 29 (85%) 0.006
Duration of antiplatelet therapy (Months) 74 +65 19+23 <0.001
Anticoagulant drug 5(15%) 4 (12%) 0.734

(11/34), P=0.002], TCFAs [58% (19/33) vs. 21% (7/34), 32% (11/34), P=0.001], neoatherosclerosis [76% (25/33)
P =0.002], neointimal rupture [45% (15/33) vs. 9% vs. 38% (13/34), P=0.002], and lower incidence of stent
(3/34), P=0.001], thrombus [36% (12/33) vs. 3% (1/34), underexpansion [15% (5/33) vs. 44% (15/34), P=0.010].
P =0.001], macrophage accumulation [70% (23/33) vs. The representative OCT images in 3 cases with or without
15% (5/34), P <0.001], microvessels [73% (24/33) vs. healed neointima are demonstrated in Fig. 3.
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Table 2 Procedure

o . Variable Healed neointima P value
characteristics at the time of
in-stent restenosis Yes No
(n=33) (n=34)

Target vessel

Left anterior descending coronary artery 20 (61%) 15 (44%) 0.401

Left circumflex coronary artery 4 (12%) 6 (18%)

Right coronary artery 9 (27%) 13 (38%)
Stent fracture 3 (9%) 4 (12%) 0.517
Reference vessel diameter (mm) 2.93+0.55 2.84+0.48 0.487
Minimal luminal diameter (mm) 0.91+0.33 0.96+0.35 0.512
Diameter stenosis (%) 69+9 64+ 15 0.129
Post reference vessel diameter (mm) 2.85+0.54 3.15+1.29 0.221
Post minimal luminal diameter (mm) 2.59+0.51 2.61+0.54 0.939
Post diameter stenosis (%) 8.4+12.9 99+15.9 0.677
Strategy for in-stent restenosis

Drug-eluting stent 17 (52%) 16 (47%) 0.461

Paclitaxel-coated balloon 13 (39%) 17 (50%)

Plain old balloon dilatation 3 (9%) 1 (3%)
Slow flow during percutaneous coronary intervention 3 (9%) 4 (12%) 0.721
Procedural myocardial infarction 1(3%) 0 (0%) 0.493

Table 3 Clinical and procedure characteristics at baseline

Variable Healed neointima P value
Yes No
(n=33) (n=34)
Age (years) 60+11 61+10 0.494
Clinical presentation
Acute coronary syndrome 9 27%) 12 (35%)  0.479
Stable angina pectoris 24 (713%) 22 (65%)
Medications in use
Angiotensin-converting enzyme 13 (39%) 19 (56%)  0.275
inhibitor or angiotensin II
receptor blocker
Beta-blocker 9 (27%) 10 (29%)  0.846
Statin 15(45%) 13(38%)  0.549
Stent type
Bare metal stent 15 (45%) 11 32%)  0.029
First-generation drug-eluting 6 (18%) 1 (3%)
stent
Second-generation drug-eluting 12 (36%) 22 (65%)
stent
Stent strut thickness
Thin strut < 100 um 19 (58%) 29 (85%) 0.012
Thick-strut > 100 pm 14 (42%) 5(15%)
Stent
Stent diameter (mm) 3.23+0.54 2.98+0.43 0.052
Total stent length (mm) 34.6+22.7 36.4+20.1 0.750
Overlap stenting 14 (42%) 16 (47%) 0.703
Calcification on angiography 10 30%) 11 (32%)  0.856

Discussion

This is the first study to investigate the characteristics and
significance of healed neointima on OCT. The main find-
ings of this study are as follows: (1) patients with healed
neointima were associated with lower HDL-C, higher tri-
glycerides, and lower use of ACE-I or ARB, lower frequency
of dual antiplatelet therapy, and lower use of P2Y, inhibi-
tor; (2) lesions with healed neointima showed longer stent
age, lower usage of second-generation DESs, and higher
usage of thick-strut stents; (3) lesions with healed neoin-
tima showed higher vulnerability; (4) lesions with healed
neointima showed larger stent area, larger neointima area,
higher neointima thickness, and lower stent underexpansion.

Relationship between healed neointima
and neointimal characteristics

In our study, lesions with healed neointima showed a higher
incidence of lipid-laden neointima, TCFA-like neointima,
neointimal rupture, macrophage accumulation, thrombus
and microvessels, so healed neointima was associated with
high vulnerability. Healed plaques in native coronary artery
indicate the repair phenomenon of ruptured fibrous caps [1,
2]. Smooth muscle cells, proteoglycans and type III collagen
infiltrated into an organizing thrombus after rupturing the
fibrous cap. Type III collagen is replaced by type I collagen.
Repeated healing plaques formed multiple layers, increased
the plaque burden, and then narrowed the lumen. Healed
plaques are associated with plaque vulnerability on OCT,

@ Springer
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Table 4 Optical .coherence Variable Healed neointima P value
tomography findings
Yes No
(n=33) (n=34)
Minimum lumen cross-sectional area (mm?) 1.7+£0.8 1.8+1.2 0.441
Minimum stent cross-sectional area (mm?) 7.5+£2.7 58+£23 0.007
Mean reference cross-sectional area (mm?) 92+1.2 72+2.0 0.015
Maximum neointimal hyperplasia cross-sectional 6.8+2.6 52+1.8 0.005
area (mm?)
Maximum neointimal thickness (mm) 1.2+0.3 0.9+0.3 <0.001
Expansion index 0.88+0.09 0.81+0.18 0.043
Stent underexpansion 5(15%) 15 (44%) 0.010
Fig.2 Comparison of neoin- 80 - p=0.002
timal characteristics in optical p=0.002 p<0.001 p=0001" Z¢
coherence tomography accord- 70 [l Healed neointima (+)

ing to the presence and absence
of healed neointima. Lesions
with healed neointima showed
significantly higher incidence of
lipid-laden neointima, thin-cap 50

p=0.002

60 58

fibroatheromas, neointimal g
rupture, thrombus, macrophage ? 40
accumulation, microvessels and 3
lower incidence of stent under- :c;
expansion than those without o 30
healed neointima

20

10

Lipid-laden
mtima

local and systemic inflammation, coronary risk factors, and
severe stenosis in ACS lesions [4]. Even in SAP patients,
healed plaques are associated with features of plaque vulner-
ability and advanced atherosclerosis [23].

A similar phenomenon of healed plaque in native coro-
nary artery is considered to occur in ISR lesions [8]. The
overlying thrombus due to neointimal rupture will heal with
inflammation, smooth muscle cell infiltration, and deposition
of proteoglycans and collagen matrix, resulting in intralumi-
nal stenosis and in-stent restenosis [8]. In addition, it is con-
sidered that other mechanism of healed neointima is irregu-
lar plaque protrusion or thrombus. An OCT study reports
that irregular protrusion was associated with thrombus pre-
vious stent implantation [24]. Therefore, healed neointima
was associated with high vulnerability of neoimtima. Healed
neointima is not included in definition of neoatherosclerosis
on OCT: therefore, healed neointima is worth investigating
as a figure of neointimal vulnerability. Pathologic and OCT
studies have reported that neoatherosclerosis is associated
with late stent failure [19, 25, 26]. In addition, pathological
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studies reports that the accumulation of small rupture heal-
ings leads to plaque growth and lumen narrowing in native
coronary [2, 27]. It needs longer times to heal multiple small
ruptures, thrombi, or erosions in neointima, so the stent age
in lesions with healed neointima was longer and the neoin-
tima volume was larger than those without healed neointima.

Relationship between healed neointima
and procedure characteristics

Lesions with healed neointima were more prevalent in first-
generation DESs, and less prevalent in second-generation
generation DESs in our study. An OCT study reported that
neoatherosclerosis with a short duration after stent implan-
tation in second-generation DESs is less frequent than that
in first-generation DESs [28]. In previous studies, second-
generation DESs had greater strut coverage with less inflam-
mation and less fibrin deposition [29], those effect might be
protective by healing neointima.
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Fig.3 Representative optical coherence tomography images of in-
stent restenosis with or without healed neointima. I In-stent restenosis
with healed neointima in the left anterior descending coronary artery
(A-C). A Healed neointima was located at the 69 o’clock position
(white arrowhead). B Thin-cap fibroatheroma-like neointima was
located at the 114 o’clock position (white arrowhead). Macrophage
accumulation was located at the 6-9 o’clock position (white arrow).
C Microvessels were located at the 5 o’clock position (white arrow-
head). II In-stent restenosis with healed neointima in the left anterior
descending coronary artery (A-D). A Healed neointima was located

In our study, lesions with healed neointima were more
prevalent in thick-strut stents. Kitabata et al. reported that
lipid-laden intima, thin-cap fibroatheroma-like intima, and
intimal disruption were more frequently observed in the
thick-strut stents group than in the thin-strut stents group
[14]. Thick-strut stents were associated with neointima vul-
nerability, including healed neointima.

Relationship between healed neointima and clinical
characteristics

Patients with healed neointima were associated with lower
HDL-C, lower use of ACE-I or ARB, lower frequency of

at the 6-9 o’clock position (white arrowhead). B Thin-cap fibroath-
eroma-like neointima was circumferentially located (white arrow-
head). C The lesion had a neointimal rupture (white arrow). D The
thrombus was located at the 1-3 o’clock position (white arrow). III
In-stent restenosis without healed neointima in the right coronary
artery (A—C). B Optical coherence tomography images showed stent
restenosis with stent underexpansion in the midportion of the stent
segment. The lesion had not healed neointima. The lesion showed a
small neointimal area

dual antiplatelet therapy, and lower use of P2Y, inhibitor
at the time of ISR. High antioxidant and anti-inflamma-
tory activities of HDL-C protect against atherosclerosis
[30, 31]. A previous study reported that impaired HDL-C
function was associated with neoatherosclerosis and future
stent failure [32]. It has been reported that the absence
of ACE-I or ARB was associated with neoatherosclerosis
[19, 28]. ACE-I prevents in-stent restenosis by stimulat-
ing apoptosis [33]. HDL-C and triglycerides control with
medical therapy, and the use of ACE-I or ARB might
prevent the development of healed neointima. Lower fre-
quency of dual antiplatelet therapy and lower use of P2Y,
inhibitor may have affected thrombus formation following
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small ruptures, which is one of the mechanisms of healed
neointima.

Relationship between healed neointima and stent
expansion

Lesions without healed neointima showed a higher incidence
of stent underexpansion. Stent underexpansion causes sparse
and crowding distribution of each stent strut, and then leads
to stent restenosis [34]. The main factor of stent restenosis
in-stent underexpansion is mechanical radial stress [35],
hence, the speed from stent implantation to in-stent reste-
nosis was early, and the neointimal volume in-stent under-
expansion was small. Therefore, lesions without healed
neointima showed shorter stent age and smaller neointimal
area in our study. In a previous study, second-generation
DESs in OCT-detected ISR with neoatherosclerosis had a
smaller stent area, stent fracture or deformation, and shorter
stent age than first-generation DESs or BMSs [28]. High-
frequency usage of second-generation DESs in ISR without
healed neointima might be associated with stent underexpan-
sion, smaller stent areas, and shorter stent ages.

Clinical implications

As clinical implications, healed neointima is one of the indi-
cators of neointima vulnerability on OCT. The ISR mecha-
nism differed between lesions with healed neointima and
those without; therefore, detecting of healed neointima on
OCT is useful for clarifying the ISR mechanism and making
treatment strategies of ISR lesion. Medical therapy and stent
selection are needed to avoid ISR with healed neointima,
and larger dilatation of the lesions at baseline PCI might be
needed to avoid ISR without healed neointima.

Limitations

There are several limitations of our analysis. This was a
retrospective and single-center study on a limited number
of patients who could undergo OCT studies. The treatment
strategy and the selection of stent type at the time of base-
line PCI were at the discretion of the physician. OCT light
sources are attenuated behind lipid-laden neointima; there-
fore, the presence of healed neointima behind lipid-laden
neointima might be underestimated.

Conclusions

ISR with healed neointima was associated with neointimal
vulnerability, stent age, stent type, stent strut thickness, stent
expansion, antiplatelet therapy, HDL-C and triglycerides
levels, and use of ACE-I or ARB.
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