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Murai et al.
Lipid-Rich Plaque Behind Newer-Gen DES and Outcome

ABSTRACT

Background: Lipid-rich plaque is an important substrate that causes
future coronary events. However, the clinical implications of underlying
plaque characteristics in coronary lesions after newer-generation drug-
eluting stent (DES) implantation remain unknown.

Methods: The current study analyzed 445 target lesions after newer-
generation DES implantation in 416 patients with coronary artery dis-
ease (CAD) (chronic coronary syndrome/acute coronary syndrome =
264/181) from the REASSURE-NIRS multicentre registry. Near-infrared
spectroscopy (NIRS) imaging was used to evaluate maximum lipid core
burden index after stent implantation in target lesions (residual
maxLCBls,m). The primary and secondary outcomes were 3-year
lesion-oriented clinical outcomes (LOCO): cardiac death, nonfatal
target-lesion—related myocardial infarction (M), or ischemia-driven
target-lesion revascularization (ID-TLR) and patient-oriented clinical
outcomes (POCO): all-cause death, nonfatal MI, or ID unplanned revas-
cularization. Outcomes were compared by residual maxLCBl4 ., tertile.
Results: Median residual maxLCBl4,,,, was 183; 16% of lesions had
residual maxLCBIl,,,, > 400. Higher residual maxLCBl4,,,, Was not
associated with a greater likelihood of LOCO or POCO during the
observational period (LOCO, log-rank P = 0.76; POCO, log-rank P =
0.84). Mixed-effects logistic regression demonstrated that residual
maxLCBly,,,,, does not predict LOCO (odds ratio [OR], 1.000; 95%
confidence interval [Cl], 0.997-1.003; P = 0.95). There was no sig-
nificant relationship between residual maxLCBly,,,,, and POCO (OR,
1.001; 95% Cl, 0.999-1.002; P = 0.30).

Conclusions: Residual maxLCBIl,,,,, is not associated with LOCO or
POCO in patients with CAD after newer-generation DES implantation.
Our findings suggest that NIRS-derived underlying lipid-rich plaque is
not associated with the risk of stent-related events and patient-based
outcomes in patients with CAD who have received newer-generation
DESs.

The characteristics of residual plaques after stent implantation
have been reported to be causal factors of late stent failure.
The presence of yellow plaques on coronary angioscopy or
thin-cap fibroatheroma on optical coherence tomography
(OCT) imaging is associated with an increased risk of future
cardiac events following percutaneous coronary intervention
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RESUME

Contexte : Les plaques d’athérome a haute teneur en lipides jouent un
réle important dans la survenue d’incidents coronariens subséquents.
Toutefois, les implications cliniques des caractéristiques sous-jacentes
dans les Iésions coronariennes aprés la mise en place d’une endo-
prothése médicamentée (EM) de nouvelle génération demeurent mal
comprises.

Méthodologie : Dans le cadre de cette étude, nous avons analysé 445
lésions cibles aprés la mise en place d’'une EM de nouvelle génération,
chez 416 patients atteints d’'une coronaropathie (syndrome coronarien
chronique/syndrome coronarien aigu = 264/181) inscrits au registre
multicentrique REASSURE-NIRS. La spectroscopie proche infrarouge
(SPIR) a été utilisée pour déterminer la valeur maximale de I'indice du
fardeau lié a la présence de plaques avec noyaux lipidiques (lipid core
burden index) pour les Iésions cibles aprés la mise en place de
I'endoprothése (LCBl4 nm maximal résiduel). Le critére d’évaluation
principal et le critére d’évaluation secondaire étaient respectivement
les résultats cliniques liés aux lésions (LOCO, pour lesion-oriented
clinical outcomes) apreés trois ans, c’est-a-dire les décés attribuables a
des causes cardiaques, l'infarctus du myocarde (IM) non fatal lié a la
lésion et la revascularisation de la lésion cible en raison d’une
ischémie (RLC-CI), et les résultats cliniques liés aux patients (POCO,
pour patient-oriented clinical outcomes), c’est-a-dire les décés toutes
causes confondues, I'lM non fatal, et la revascularisation non planifiée
en raison d’une ischémie. Les résultats cliniques ont été comparés
selon le tertile de la valeur de LCBI, 1, maximal résiduel.

Résultats : La valeur médiane du LCBI, ,,,,, maximal résiduel était de
183; 16 % des lésions ont obtenu un score de LCBl; ,,, Maximal
résiduel > 400. Les valeurs de LCBIl4,,, maximal résiduel plus élevées
n’étaient pas associées a une probabilité supérieure de LOCO ou de
POCO au cours de la période d’observation (LOCO, test du log-rank P =
0,76; POCO, test du log-rank P = 0,84). L'analyse par régression
logistique a effets mixtes a démontré que le LCBlsn,,, maximal
résiduel ne permettait pas de prédire les LOCO (rapport de cotes [RC],
1,000; intervalle de confiance [IC] a 95 % de 0,997 a 1,003; P =
0,95). Aucune association significative n’a été notée entre le LCBls mm
maximal résiduel et les POCO (RC, 1,001; IC & 95 % de 0,999 a 1,002;
P = 0,30).

Conclusions : Les valeurs de LCBl; ., maximal résiduel ne sont
associées ni aux LOCO ni aux POCO chez les patients atteints d’'une
coronaropathie aprés la mise en place d'une EM de nouvelle
génération. Selon nos observations, la détection par SPIR des plaques
d’athérome a haute teneur en lipides n’est pas associée au risque
d’événements liés a I'endoprothése ou aux résultats cliniques chez les
patients atteints d’'une coronaropathie pour lesquels une EM de nou-
velle génération a été implantée.

(PCI) with bare-metal stents (BMSs) or first-generation drug-
eluting stents (DESs)."” Mechanistically, a pathologic study
found a greater frequency of residual unstable plaques con-
taining necrotic cores behind the implanted BMS or first-
generation DES that had a formation of neoatherosclerosis.’
These neoatherosclerotic changes have been reported to still
occur following newer-generation DES implantation.” This
observation suggests that evaluation of plaque features after
PCI could predict subsequent cardiac risk.

Near-infrared spectroscopy (NIRS) is an intravascular im-
aging modality that enables quantitative visualization of lipidic
plaques in vivo. Recent studies have shown the potential of
NIRS to detect vulnerable plaques and predict PCl-related
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592 target lesions in 542 patients receiving PCI

with NIRS/IVUS imaging
(August 1, 2015~December 31, 2019)

PCI for in-stent restenosis lesion 13 lesions (13 patients)
newer-generation DES use (-)
NIRS/IVUS imaging after PCI (-) 118 lesions (97 patients)

16 lesions (16 patients)

445 target lesions (416 patients) with evaluable
NIRS/IVUS images following newer-gen DES implantation

Figure 1. Patients’ disposition: A total of 445 lesions in 416 patients with evaluable NIRS-IVUS images after the implantation of newer-generation
DESs were included in the current analysis. IVUS, intravascular ultrasound; DES, drug-eluting stent; NIRS, near-infrared spectroscopy; PCI,

percutaneous coronary intervention.

myocardial infarction.”” NIRS has the potential to visualize
lipidic signals behind the implanted stent in vivo.” We hy-
pothesized that NIRS-derived lipidic parameters after PCI
could identify lesions or patients associated with future cardiac
events. Therefore, the current study investigated the ability of
residual lipidic plaques after newer-generation DES implan-
tation to predict future stent-related cardiac events in patients

with coronary artery disease (CAD).

Material and Methods

Study subjects

Revelation of Pathophysiological Phenotypes of Vulner-
able Lipid-Rich Plaque on Near-Infrared Spectroscopy
(REASSURE-NIRS) is an ongoing prospective multicentre
registry in Japan (NCT04864171). It enrolls consecutive
patients with CAD who undergo PCI with NIRS and intra-
vascular ultrasound (IVUS) imaging. The current study is a
subanalysis using this registry data. The following target
lesions were excluded from the current analysis: in-stent
restenosis lesions, lesions that were not treated with newer-
generation DES, and lesions without post-PCI NIRS imaging.

The study protocol conformed to the ethical guidelines of
the 1975 Declaration of Helsinki. This study protocol was
approved by the institutional review boards of the National
Cerebral and Cardiovascular Center (M30-084-4) and
Miyazaki Medical Association Hospital (2020-43).

PCI procedure

PCI was performed with NIRS and IVUS imaging. All
procedural decisions, including the selection of newer-
generation DESs and other devices, use of a mechanical
support system, and adjunctive pharmacotherapy, were made
according to the discretion of the individual PCI operator.
Newer-generation DESs consisted of Xience (Abbott
Vascular, Santa Clara, California, USA), Synergy (Boston
Scientific, Marlborough, Massachusetts, USA), Ultimaster
(Terumo, Tokyo, Japan), Resolute (Medtronic, Dublin,
Ireland), and Orsiro (BIOTRONIK, Biilach, Switzerland).

Each PCI operator was encouraged to achieve optimal stent
expansion defined as minimum stent area (MSA) > 5.0 mm?
or larger than the distal reference lumen area on IVUS im-
aging; IVUS-derived plaque area < 50% at the proximal and
distal edges of the stents; and no edge dissection, which in-
volves media > 3 mm on IVUS imaging.”’

NIRS and IVUS imaging

NIRS and IVUS imaging were performed before and after
the completion of PCI. After intracoronary administration of
nitroglycerin (100 Lg to 300 [lg), the imaging catheter (TVC
Insight or Dualpro, Infraredx, Bedford, Massachusetts, USA)
was automatically pulled back from more than 5-mm distal to
the site of the implanted newer-generation DES at a speed of
0.5 mm per second and 960 revolutions per minute (rpm)
(TVC Insight) or 2.0 mm per second and 1800 rpm
(Dualpro).6 QlIvus (Medis, Leiden, The Netherlands) was
used for quantitative analysis of the raw IVUS images.
Chemogram data from NIRS imaging was analyzed with the
Makoto system (Infraredx). Physicians blinded to the clinical
characteristics of study participants conducted both types of
analyses (K.M., S.K,, T.I., and Y.K)).

Quantitative analysis of IVUS and NIRS images

Quantitative analysis of IVUS and NIRS images were
conducted for target lesions with a newer-generation DES.
Cross-sectional analysis for IVUS images was performed at
1-mm intervals. The leading edges of the stents were manually
traced, and stent area was defined as the area within the
edges.'” Percent stent expansion was defined as MSA divided
by the average of the proximal and distal reference lumen
area.'' With regard to NIRS imaging analysis, lipid core
burden index (LCBI) was measured as the number of yellow
pixels divided by the total number of pixels within the lesion
of interest.” The maximum value of LCBI in any 4-mm
segment within the target lesion before PCI (pre-PCI
maxLCBly,,) and within the implanted newer-generation
DES (residual maxL.CBly,,,,,) was analyzed.12
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Quantitative coronary angiography analysis

The current study included quantitative coronary angiog-
raphy (QCA) analysis at lesions with a newer-generation DES
(QAngio XA, Medis). Variables analyzed included reference
diameter, minimum lumen diameter (MLD), and percent
diameter stenosis (% DS)."?

Outcomes

The primary outcome was the occurrence of a lesion-
oriented clinical outcome (LOCOQO), which was defined as
the composite of cardiac death, target lesion-related nonfatal
myocardial infarction (MI), and ischemia-driven target lesion
revascularization (ID-TLR). The secondary outcome was
patient-oriented clinical outcome (POCO), which included
the composite of all-cause death, non-fatal MI, and ID un-
planned revascularization. The followings are definitions of
each component of LOCO. Cardiac death included sudden
cardiac death; death caused by acute MI, heart failure, or
cardiogenic shock; and other cardiovascular causes.'® Target-
lesion—related nonfatal MI was defined as the occurrence of
MI atuributable to in-stent restenosis-occlusion or stent
thrombosis at target lesion. Diagnosis of MI was based on the
rise of cardiac biomarkers (creatine kinase-muscle/brain or
troponin) more than upper normal limit with at least 1 of the
following fulfilled criteria: electrocardiographic  changes
indicative of new myocardial ischemia; development of
pathological Q waves; angiographically documented graft or
native coronary artery occlusion, or stenosis with thrombosis,
or diminished epicardial flow; imaging evidence of new loss of
viable myocardium or new regional wall-motion abnormal-
ity."* ID-TLR was defined as any repeat revascularization for
target lesion causing myocardial ischemia or typical ischemic
symptoms.' " Target lesion was defined as coronary artery
stenosis receiving newer-generation DESs.

With regard to each component of POCO, all-cause death
included cardiac and noncardiac death and undetermined
cause of death. Nonfatal MI was defined according to the
aforementioned diagnosis criteria of MIL'* ID unplanned
revascularization was defined as any revascularization for target
or nontarget lesion causing myocardial ischemia or typical
ischemic symptoms. This revascularization was not staged but
unscheduled one.

Study patients were followed in our institute’s outpatient
clinic, a local cardiology clinic, or both every 1 to 3 months.
Testing to evaluate for myocardial ischemia following PCI was
conducted according to each physician’s discretion. Clinical
follow-up data were collected from medical records from
hospital discharge up to 3 years after PCI. All outcomes were
adjudicated by independent physicians who were unaware of
the clinical characteristics of study participants (K.M. and
Y.K.).

Sample size

The sample size was calculated based on a previous study
that analyzed the association between the residual maxLC-
Bl4mm and a composite of cardiovascular death, target-vessel
MI, and clinically driven TLR."” In this previous study, the
rate of events at 5 years was 3.1% and 15.0% in lesions with a
residual maxL.CBl;,, < 200 and > 200, respectively. Based
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on these event rates, assuming power of 0.95 with a 2-sided a.
of 0.05, the sufficient sample size for each group was calcu-
lated to be 150.

Statistical analysis

Normally distributed continuous variables were expressed
as mean * standard deviation (SD). Non-normally distrib-
uted variables were expressed as medians (25th to 75th per-
centiles). Categorical data were expressed as numbers (%).
Comparisons of normally distributed continuous variables
were performed with Student’s #test or 1-way analysis of
variance (ANOVA). Non-normally distributed variables were
compared using the Mann—Whitney U test or Kruskal-Wallis
test. Categorical variables were analyzed using the % test or
Fisher’s exact test, as appropriate. Correlations between pre-
PCI maxLCBly;m and residual maxLCBly,,,, were analyzed
with Spearman’s correlation coefficients. Time-to-event was
based on Kaplan-Meier estimates and was compared using the
log-rank test between groups according to residual maxLC-
Blim tertile and residual maxLCBly,, = 200, respec-
tively.'” Mixed-effects logistic regression with patient-specific
random intercepts was used to estimate the association be-
tween residual maxLCBly,,, and LOCO. Logistic regression
was used to evaluate the relationship between residual
maxLCBl4,, and POCO. In the analysis of patient-based
outcomes, the highest residual maxL.CBly,,, was selected if
the patient had multiple target lesions. Subgroup analyses
were performed to analyze the effects of various clinical
characteristics as well as the effects of their interaction with
residual maxLCBIy,,,...' '8 All staristical tests were 2-sided,
and P < 0.05 was regarded as statistically significant. Analyses
were performed with SPSS software, version 27 (IBM Cor-
poration, Armonk, New York, USA) and STATA version 15
(StataCorp LP, College Station, Texas, USA).

Results

Baseline clinical demographics

A total of 592 target lesions in 542 patients have been
enrolled between August 1, 2015 and December 31, 2019.
We excluded 13 in-stent restenosis lesions (13 patients), 16
lesions (16 patients) of patients who did not receive implan-
tation of newer-generation DESs, and 118 lesions (97 pa-
tients) without post-PCI NIRS imaging. The remaining 445
target lesions in 416 patients receiving newer-generation DES
implantation with NIRS and IVUS imaging were included
into the current analysis (Fig. 1). The study population was
predominantly male (81%). There was a high prevalence of
hypertension (75%), dyslipidemia (85%), and type 2 diabetes
mellitus (43%). Fifty-nine percent of study patients presented
with chronic coronary syndrome (CCS) and the remaining
had acute coronary syndrome (ACS). Clinical demographics
of study patients across tertiles of residual maxLCBI 4, (low
tertile, 0 to 123; middle tertile, 124 to 270; high tertile, 271
to 799) were compared (Table 1). There were no significant
differences in baseline clinical characteristics among the 3
groups (Table 1). Regarding medication use, a high frequency
of guideline-recommended medical therapies, including dual-
antiplatelet therapy, high-intensity statins (P = 0.04),
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Table 1. Baseline patients’ clinical characteristics

Canadian Journal of Cardiology

Volume 38 2022

Residual maxLCBI4,m

Low Middle High
tertile tertile tertile
Overall (0-123) (124-270) (271-799)
n = 416* n=127* n = 142* n = 147* P value

Age, y 70 £ 11 70 £ 11 69 £ 11 70 £ 11 0.67
Male, n (%) 335 (81) 102 (80) 114 (80) 119 (81) 0.99
BMI, kg/m2 23.9 + 3.4 23.7 £ 3.6 239 + 3.0 24.0 + 3.6 0.70
Hypertension, 311 (75) 96 (76) 110 (78) 105 (71) 0.48
n (%)
Dyslipidemia, 352 (85) 103 (81) 120 (85) 129 (88) 0.31
n (%)
T2DM, n (%) 179 (43) 56 (44) 67 (47) 56 (38) 0.28
Smoking, n (%) 95 (23) 33 (26) 27 (19) 35 (24) 0.37
Previous MI, 69 (17) 25 (20) 16 (11) 28 (19) 0.11
n (%)
Previous CABG, n (%) 15 (4) 6 (5) 4 (3) 5(3) 0.69
Hemodialysis, 14 (3) 5 (4) 5 (4) 4 (3) 0.85
n (%)
LVEF, % 54 + 11 55+ 11 55+9 53 £ 12 0.18
Clinical diagnosis
CCS, n (%) 247 (59) 81 (64) 87 (61) 79 (54) 0.21
ACS, n (%) 169 (41) 46 (36) 55 (39) 68 (46)
Medication use after PCI
Aspirin, n (%) 415 (99) 127 (100) 141 (99) 147 (100) 0.38
P2Y,, inhibitor, n (%) 416 (100) 127 (100) 142 (100) 147 (100) -
DAPT, n (%) 416 (100) 127 (100) 142 (100) 147 (100) -
DAPT duration, days 366 + 240 359 + 237 367 + 238 371 + 246 0.91
Statip, n (%) 398 (96) 120 (95) 136 (96) 142 (97) 0.69
HIS', n (%) 151 (36) 54 (43) 55 (39) 42 (29) 0.04
Ezetimibe, 134 (32) 38 (30) 44 (31) 52 (35) 0.58
n (%)
B-blocker, n (%) 266 (64) 76 (60) 89 (63) 101 (69) 0.29
ACE-I/ARB, 265 (64) 78 (61) 92 (65) 95 (65) 0.81
n (%)
Biochemistry data
LDL-C, mmol/L 1.76 £ 0.50 1.74 £+ 0.46 1.74 £ 0.54 1.79 £+ 0.49 0.60
HDL-C, mmol/L 1.24 + 0.36 1.20 + 0.38 1.26 £ 0.35 1.25 4+ 0.34 0.35
HbAlc, % 6.3 +0.9 6.3 + 0.9 6.3 + 0.9 6.3 +0.9 0.76
eGFR, mL/min/1.73m” 60.2 £ 19.3 61.0 £ 19.4 59.4 +17.7 60.5 + 20.8 0.78

ACE-], angiotensin-converting-enzyme inhibitor; ACS, acute coronary syndrome; ARB, angiotensin II receptor blocker; BMI, body mass index; CABG,

coronary artery bypass grafting; CCS, chronic coronary syndrome; DAPT, dual antiplatelet therapy; eGFR, estimated glomerular filtration rate; HbAlc, glycated
hemoglobin; HDL-C, high-density lipoprotein cholesterol; HIS, high intensity statin; LCBI, lipid core burden index; LDL-C, low-density lipoprotein cholesterol;

LVEF, left ventricular ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention; T2DM, type 2 diabetes mellitus.

* Patients who received PCI in multiple lesions were categorized into the groups including the highest residual maxLCBly,,, value.
THigh—intensity statin is defined as any of the following: rosuvastatin > 10 mg, atorvastatin > 20 mg, pitavastatin > 4 mg.

B-blockers (P = 0.29), and angiotensin-converting-enzyme
inhibitors or angiotensin II receptor blockers (P = 0.81)
was observed in each group (Table 1). The degree of risk
factor control was similar across the 3 groups (Table 1).

Characteristics of maxL.CBI,,,,,,, before and after newer-
generation DES implantation

Mean pre-PCI maxLCBly,,,,, of the target lesion was 494 +
249. Reduction in pre-PCI maxL.CBLy,,, was observed in 91%
of target lesions after newer-generation DES implantation. Thus,
residual maxLCBlyy,, was 183 (79 to 338); 16% of target
lesions had residual maxl.CBly,,, > 400. The comparison of
pre-PCI maxL.CBly,,,, and residual maxL.CBly,,,, in patients
with ACS vs CCS is summarized in Supplemental Table SI.
Figure 2 illustrates the distribution of pre-PCI maxL.CBl4,,, and
residual maxLCBLy,,, for target lesions. There was a significant

correlation between pre-PCI maxLCBly,,, and residual
maxLCBly,, (p = 0.52, P < 0.01) (Supplemental Fig. S1).

Characteristics of analyzed target lesions and implanted
newer-generation DESs

Table 2 summarizes the characteristics of target lesions.
Target lesions with higher residual maxLCBly4,,, were likely
to be located in the left anterior descending artery (P = 0.06)
and accompanied by a more severe form of disease including
smaller MLD (P = 0.03) and larger % DS (P = 0.04)
(Table 2). In addition, multiple newer-generation DESs were
more frequently implanted in target lesions with higher re-
sidual maxLCBlyy, (P = 0.03), resulting in a significantly
longer total stent length (P < 0.001) (Table 2). The type of
newer-generation DES implanted was similar across the 3

groups (P = 0.20) (Table 2).
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Figure 2. Distribution of pre-PCl maxLCBIlsmm and residual maxLCBIlsmm. (A) pre-PCl maxLCBIlsmm. (B) Residual maxLCBIlmm. The red frame high-
lights the population of maxLCBlsmm > 400. Residual maxLCBIl4,m > 400 was observed in 16% of study subjects. LCBI, lipid core burden index;

PCI, percutaneous coronary intervention.

IVUS and NIRS measures

IVUS and NIRS measures in target lesions are shown in
Table 3. On IVUS imaging, smaller final MSA after PCI was
observed in target lesions with higher residual maxLCBI4m
(P = 0.02) (Table 3). Lesions with higher residual maxLC-
Bl4mm were more likely to have smaller percent stent
expansion (P = 0.09), and a lower proportion fulfilled the 3
post-IVUS criteria (P = 0.05). Following PCI with newer-
generation DES implantation, maxLCBls,,, decreased. The
degree of the decrease was smaller in target lesions with higher
residual maxLCBly,,,, (P < 0.001). As a consequence, the
frequency of residual maxLCBl4,, >400 was highest in the
high residual maxLCBl,,,, tertile (2 < 0.001) (Table 3).

Residual maxLLCBL,,,,,, and the occurrence of LOCO
and POCO

During the observational period with a median follow-up
of 679 (481 to 997) days, there were 12 LOCO:s in target
lesions (Supplemental Table S2A). Only 1 cardiac death

(0.2%) occurred during the observational period. Nonfatal
MI occurred at the implanted newer-generation DES in 1.0%
of target lesions. ID-TLR was required in 2.8% of lesions
analyzed (Supplemental Table S2A). The occurrence of
POCO was observed in 20.2% of the entire study population.
The prevalence of all-cause death, nonfatal MI, and ID-TLR
was 1.8%, 2.4%, and 18.1%, respectively (Supplemental
Table S2B).

Kaplan-Meier analysis showed that the incidence of
LOCO was not significantly different across residual
maxLCBly,, tertiles (log-rank P = 0.76) (Fig. 3A). There
were no significant associations between residual maxLC-
Bl4m tertile and cardiac death (log-rank P = 0.37), target
lesion-related nonfatal MI (log-rank P = 0.99) or ID-TLR
(log-rank P = 0.46) (Supplemental Fig.S2A-C). The inci-
dence of LOCO for each type of newer-generation DES is
summarized in Supplemental Table S3. The clinical charac-
teristics of subjects who had LOCO during the observational
period are summarized in Supplemental Table S4. Further-
more, residual maxLCBly,,,, was not associated with the
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Table 2. Characteristics of target lesions and implanted newer-generation DESs

Residual maxLCBI4m

Low tertile

Middle tertile High tertile

(0-123) (124-270) (271-799)

n = 148 n = 149 n = 148 P value
Target vessel
LMT, n (%) 5(3) 3 (2) 0 (0) 0.06
LAD, n (%) 74 (50) 93 (62) 89 (60)
LCX, n (%) 21 (14) 21 (14) 26 (18)
RCA, n (%) 48 (32) 32 (22) 33 (22)
QCA data
Pre-PCI measures
Reference diameter, mm 32+ 0.6 32 +0.5 3.1 £0.6 0.21
Pre-PCI MLD, mm 0.7 (0.4-1.0) 0.7 (0.4-1.0) 0.6 (0.2-0.8) 0.03
Pre-PCI %DS, % 77 (62-90) 78 (66-89) 81 (71-94) 0.04
Post-PCI measures
Post-PCI MLD, mm 2.9+ 0.6 2.9 £ 0.5 2.8 £0.5 0.24
Post-PCI % DS, % 7 (3-13) 7 (2-14) 7 (1-14) 0.76
Implanted newer-generation DESs
Averaged stent diameter, mm 344+0.6 3.3 £ 0.6 3.3 £+0.5 0.48
Total stent length, mm 25.5 + 10.8 31.2 + 14.7 32.6 + 15.4 < 0.001
Multiple stent use, 11 (7) 23 (15) 26 (18) 0.03
n (%)
Maximum inflation pressure, atm 16 +3 17+ 3 16 £ 4 0.01
Types of implanted newer-generation

DES

Xience, n (%) 75 (51) 92 (62) 95 (64) 0.20
Synergy, n (%) 29 (20) 28 (19) 15 (10)
Ultimaster, n (%) 29 (20) 20 (13) 26 (18)
Resolute, n (%) 11 (7) 6 (4) 9 (6)
Orsiro, n (%) 4 (3) 3(2) 3 (2)

atm, standard atmosphere; DES, drug-eluting stent; LAD, left anterior descending artery; LCBI, lipid core burden index; LCX, left circumflex artery; LMT, left

main coronary trunk; MLD, minimum lumen diameter; PCI, percutaneous coronary intervention; % DS, percent diameter stenosis; QCA, quantitative coronary

angiography; RCA, right coronary artery.

occurrence of POCO (log-rank P = 0.84) (Fig. 3B) or each of
its components (Supplemental Fig. S3A-C). Supplemental
Figure S4 illustrates the occurrence of LOCO and POCO
in lesions and patients stratified according to the residual
maxLCBlm < and > 200, respectively (Supplemental
Fig. S4A and B).

Mixed-effects logistic regression showed that residual
maxLCBl,,, does not predict the occurrence of LOCO,
target-lesion—related nonfatal MI, or ID-TLR (Table 4).
There was no significant relationship between residual
maxLCBIy,,,, and the incidence of POCO, all-cause death,
nonfatal MI, or ischemia-driven unplanned revascularization
(Table 5). Figure 4 shows the ability of residual maxLCBI 4,
to predict LOCO in a variety of subgroups. There was no
evidence of statistical heterogeneity to suggest a differential
effect of residual maxLCBly,,, across subgroups (Fig. 4).

Discussion

Despite the established safety and efficacy of newer-
generation DESs, stent failure still occurs, partly because of
underlying plaque characteristics. In the current study, lesions
containing a greater amount of lipidic materials on NIRS had
higher residual maxLCBly,, following newer-generation
DES implantation. However, residual maxL.CBl,,,, was not
necessarily associated with lesion-related or patient-related
clinical events over a 3-year observational period. The

current findings suggest that NIRS-derived lipidic plaque
features behind implanted newer-generation DESs are not
associated with either lesion-based or patient-based cardiac
outcomes.

maxLCBl4y, is a histologically validated measure that
corresponds to lipidic plaque in vivo.”'” The clinical impli-
cation of this NIRS-derived measure has been evaluated in
published studies. Goldstein et al. showed that maxLCBlL4,m,
of culprit lesions was associated with an elevated risk of per-
iprocedural MI after PCL.” In addition, several observational
studies have found an association between maxLCBl4,,, in
nonculprit segments and cardiovascular events.”””" In
contrast, the COLOR registry, which included 1621 patients
with CAD, reported that maxL.CBl,,, in the culprit segment
does not predict future events.”” These inconsistent findings
suggest that there is uncertainty about the role of maxLC-
Blimm in the clinical setting. The current analysis explored
whether maxLCBly,,, in target lesions after stent implanta-
tion could help with risk stratification for cardiovascular
events. Residual maxLCBly,,, was not a significant predictor
of LOCO or POCO after PCI with newer-generation DES
implantation. These observations indicate that the clinical
implications of maxLCBly,,,, behind the implanted newer-
generation DES in culprit lesions and de novo nonculprit
lesions might be different.

The current findings are inconsistent with findings from
recent published studies. Madder et al. reported that higher
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Table 3. IVUS and NIRS measures
Residual maxLCBI,,m

Low tertile Middle tertile High tertile

(0-123) (124-270) (271-799)

n = 148 n = 149 n = 148 P value
Post-PCI IVUS measures
Reference lumen area, mm? 8.1 £ 3.0 7.7 £2.6 7.4+ 23 0.06
Final MSA, mm® 6.4 £+ 2.2 59+ 2.2 5.7 £ 2.0 0.02
% Stent expansion, % 80 £+ 12 77 £ 13 77 £ 13 0.09
The number of achieved post-IVUS criteria®
3, n (%) 108 (78) 93 (62) 89 (60) 0.05
2, n (%) 40 (27) 56 (38) 59 (40)
0orl1,n (%) 0 (0) 0 (0) 0 (0)
NIRS measures
Pre-PCI measure
Pre-PCI maxLCBI4m 349 + 218 497 + 230 633 + 213 < 0.001
Post-PCI measure
Residual maxL.CBI4m 35 (6-79) 183 (154-226) 395 (340-478) < 0.001
Residual maxLCBl4,,, > 400, 0 (0) 0 (0) 71 (48) < 0.001
n (%)
Absolute change in maxLCBl iy, after PCI 306 + 215 306 + 226 215 + 200 < 0.001

IVUS, intravascular ultrasound; LCBI, lipid core burden index; MSA, minimum stent area; NIRS, near-infrared spectroscopy; PCI, percutaneous coronary

intervention.

* Post-IVUS criteria is defined as follows: final MSA > 5.0 mm” or larger than distal reference lumen area; plaque area at the proximal and distal edge of the stent

< 50%; no edge dissection, which involves media with a length > 3 mm.

residual maxLCBly,,,,, predicts a composite of cardiovascular
death, target-vessel MI, and clinically driven TLR in 202
patients with CAD."” In that study, a BMS was used in more
than one-fourth of patients, and more than 95% of patients
had ACS, including cardiogenic shock or cardiac arrest. In
addition, a composite outcome of the aforementioned cardiac
events mainly occurred within 6 months according to Kaplan-
Meier analysis of lesions with residual maxLCBl4p,,,, > 200. A
greater proportion of patients who were acutely ill with ACS
who underwent BMS implantation could have resulted in a
greater occurrence of the composite outcome, including car-
diovascular death and TLR within 6 months. Another study
based on coronary angioscopy reported a higher rate of cardiac
events in patients with yellow plaques behind the implanted
stent in 360 patients with CAD.”’ More than 85% of patients
were treated with first-generation DESs. There was a lower
frequency of statin use (74%) in the study. Given that
incomplete and dysfunctional endothelial coverage after first-
generation DES implantation™ could allow interaction be-
tween circulating lipoproteins, monocytes, and underlying
plaques, this potential mechanism could cause DES-related
neoatherosclerosis, which can account for the association be-
tween yellow plaques in the stented segment with cardiac
events in patients after first-generation DES implantation.”

A lower LOCO rate, even in lesions with higher residual
maxLCBlym, might explain favourable vascular responses to
newer-generation DESs reported in recent pathophysiological
studies. Implantation of a cobalt-chromium everolimus-
eluting stent has been shown to induce better strut coverage
with less fibrin deposition and a smaller inflammatory
response compared with first-generation DESs.”® In addition,
serial OCT has revealed vascular healing during the very early
phase after implantation of a bioresorbable polymer sirolimus-
eluting stent  (Ultimaster),””  biodegradable  polymer

everolimus-eluting stent (Synergy),”® and durable polymer
zotarolimus-eluting stent (Resolute).”” Thus, adequate neo-
intimal coverage after newer-generation DES implantation
could mitigate the entry of proinflammatory materials into the
underlying plaque to some extent, which might potentially
account for a lower event rate even with higher residual
maxLCBLg .

Low-density lipoprotein cholesterol (LDL-C) has been
reported to be an independent predictor of formation of
neoatherosclerosis following stent implantation. Two OCT
studies have shown that LDL-C levels above 1.81 or 2.12
mmol/L, respectively, are associated with a greater frequency
of OCT-defined neoatherosclerosis in patients with CAD. >’
In the current study, according to the recent cholesterol
guidelines, high-intensity statin therapy was frequently used,
resulting in LDL-C < 1.8 mmol/L. The adoption of this
intensive lipid-lowering therapy might induce less influx of
atherogenic lipoproteins into underlying plaques, which may
result in a lower risk of formation of neoatherosclerosis and
thereby ultimately prevent stent-related events. Whether
lowering LDL-C levels could prevent neoatherosclerotic
changes within an implanted stent warrants further
investigation.

Another intriguing observation from the current analysis is
that 91% of target lesions had some reduction of pre-PCI
maxLCBly,, after newer-generation DES implantation.
There are several mechanisms hypothesized to explain this
observation. Compression of a plaque with balloon angio-
plasty, stent implantation, or both could cause a greater dis-
tance between the NIRS catheter and the plaque surface.
Because of shallow penetration of near-infrared light, existing
lipid plaques farther from the catheter might not be
adequately detected. Embolization of lipidic plaque materials
after PCI might also potendally reduce maxLCBlyym. The
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Figure 3. Comparison of outcomes in subjects stratified according to tertile of residual maxLCBl4mm. (A) LOCO. (B) POCO. LOCO, lesion-oriented
clinical outcome; LCBI, lipid core burden index; POCO, patient-oriented clinical outcome

struts of implanted stents overlying plaques might affect the
absorbance and deflection of near-infrared light, which could
cause lower maxL.CBly,,,,, after DES implantation.

Clinical evidence to demonstrate the ability of maxLC-
Bl4mm for predicting lesion-related hard cardiac events is still

Table 4. The association of residual maxLCBlI,,,,,, With clinical
outcome: 3-year LOCO on mixed-effects logistic regression model
analyses

Odds ratio 95% CI P value
Composite events 1.000 0.997-1.003 0.95
Cardiac death* - - -
Target lesion related nonfatal MI 0.997 0.986-1.007 0.52
ID-TLR 1.000 0.996-1.004 0.95

CI, confidence interval; ID-TLR, ischemia-drive target lesion revascular-
ization; LCBI, lipid core burden index; LOCO, lesion-oriented clinical
outcome; MI, myocardial infarction.

*Owing to the small number of cardiac deaths, mixed-effects logistic
regression model analysis was not conducted.

limited. Although the Lipid-Rich Plaque (LRP) study re-
ported the association of maxLCBly,,, with cardiovascular
events, this study does not have enough statistical power to
show the predictive ability of maxLCBly,,,,, for lesion-related
hard cardiac events because of its low frequency.”’ In the
current study, target lesion related nonfatal MI occurred in
only 1% of analyzed lesions, and only 1 cardiac death
occurred during the observational period. Further studies are
required to investigate whether residual maxLCBLym, could

Table 5. 3-year POCO on logistic regression model analyses

Odds ratio  95% CI P value
Composite events 1.001 0.999-1.002  0.30
All-cause death 1.001 0.997-1.006  0.50
Nonfatal MI 0.998 0.993-1.003  0.48
Ischemia-driven unplanned 1.001 0.999-1.002  0.47

revascularization

CI, confidence interval; MI, myocardial infarction; POCO, patient-
oriented clinical outcome.
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Frequency of QOdds ratio p for
Subgroups LOCO (95% Cl) pvalue interaction
Age <71years (median) 8/226 (4.7%) — 0.999 (0.995-1.004) 0.77 0.60
Age=71 4/219 (2.2%) —— 1.001 (0.996-1.006) 0.65 ’
Men 11/362 (4.1%) — 1.001 (0.997-1.004) 0.70 0.35
Women 1/83 (1.3%) 0.987 (0.958-1.016) 0.37 ’
BMI <23.8kg/m? (median) 6/221 (3.3%) —— 1.001 (0.997-1.005) 0.64 0.55
BMI=23.8 6/224 (3.8%) - 0.999 (0.994-1.004) 0.69 ’
Type2 DM (+) 8/194 (5.3%) — 1.001 (0.997-1.005) 0.70 0.70
Type2 DM (-) 4/251 (2.3%) — 0.999 (0.994-1.005) 0.85 ’
eGFR <60mL/min/1.73m? 6/212 (3.4%) —_— 1.001 (0.996-1.005) 0.82 0.80
eGFR=60 6/233 (3.7%) — 1.000 (0.995-1.004) 0.90 ’
ACS 6/181 (4.3%) —— 1.001 (0.997-1.005) 0.60 0.42
CcCs 6/264 (3.1%) —_— 0.998 (0.992-1.004) 0.54 ’
HIS (+) 2/163 (1.6%) —_— 0.998 (0.989-1.008) 0.76 0.77
HIS (-) 10/282 (4.4%) —— 1.000 (0.997-1.004) 0.98 ’
post-PCl %DS<20% 10/402 (3.3%) —— 1.001 (0.997-1.004) 0.63 0.29
post-PCl %DS=20 2/43 (5.0%) —_— 0.994 (0.981-1.007) 0.34 ’
MSA <5.0mm? 6/155 (4.2%) —_— 1.000 (0.995-1.005) 0.93 0.96
MSAZ5.0 6/290 (3.3%) — 1.000 (0.995-1.005) 0.99 ’

1 1 1 1 1
0.960 0.970 0.980 0.990 1.000 1.010

Figure 4. Subgroup analyses about the association of residual maxLCBIl4mm With LOCO. Each event rates were Kaplan-Meier estimates at 3 years.
ACS, acute coronary syndrome; BMI, body mass index; CCS, chronic coronary syndrome; Cl, confidence interval, DM, diabetes mellitus; eGFR,
estimated glomerular filtration rate; HIS, high-intensity statin; LOCO, lesion-oriented clinical outcome; LCBI, lipid core burden index; MSA, minimum
stent area; PCI, percutaneous coronary intervention; % DS, percent diameter stenosis.

predict the risk of lesion-related hard cardiac events in a large
study population with adequate statistical power.

Several caveats should be considered when interpreting the
current findings. First, this was an observational study that
included a relatively small number of cardiac events. Second,
the procedural strategy and type of newer-generation DES
were decided by each PCI operator. These characteristics
might bias PCI outcomes. However, MSA, a predictor of
stent-related events, was larger than the cutoff value of 5.0
mm? in all 3 residual maxLCBl4,,,, tertiles."' Third, the
observational period was 679 days, which might have been too
short to detect stent-related events. Fourth, histologic valida-
tion of the ability of NIRS to detect lipids under the

implanted stent has not been performed yet.

Conclusions

maxLCBly, of the target lesion decreased after newer-
generation DES implantation. During an observational
period of up to 3 years, residual maxLCBly,,,, was not asso-
ciated with lesion-related or patient-related cardiac events.
Our findings suggest that underlying lipid-rich plaques iden-
tified by NIRS do not invariably elevate the risk of stent-
related events and patient-based outcomes in patients with
CAD after newer-generation DES implantation.
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