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Abstract

Objectives: This study was conducted to use optical coherence tomography (OCT)

to compare vascular healing between bioresorbable polymer (BP) and durable

polymer (DP) everolimus-eluting stents (EES) in patients with acute coronary syn-

dromes (ACS).

Background: Whether BP-EES induce better vascular healing compared to contem-

porary DP-EES remains controversial, especially for ACS.

Methods: In this prospective, randomized, non-inferiority trial, we used OCT to com-

pare 6-month vascular healing in patients with ACS randomized to BP versus DP-

EES: percent strut coverage (primary endpoint, non-inferiority margin of 2.0%) and

neointimal thickness and percent neointimal hyperplasia (NIH) volume. As an explor-

atory analysis, morphological factors related to the endpoints and the effect of

underlying lipidic plaque on stent healing were evaluated.

Results: A total of 104 patients with ACS were randomly assigned to BP-EES

(n = 52) versus DP-EES (n = 52). Of these, 86 patients (40 BP-EES and 46

DP-EES) were included in the final OCT analyses. Six-month percent strut coverage

of BP-EES (83.6 ± 11.4%) was not non-inferior compared to those of DP-EES (81.6

± 13.9%), difference 2.0% (lower 95% confidence interval-2.6%), pnon-inferiority = 0.07.

There were no differences in neointimal thickness 70.0 ± 33.9 μm versus 67.2

± 33.9 μm, p = 0.71; and percent NIH volume 7.5 ± 4.7% versus 7.3 ± 5.3%,

p = 0.85. By multivariable linear regression analysis, stent type was not associated
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with percent strut coverage or percent NIH volume; however, percent baseline

embedded struts or stent expansion was positively associated with percent NIH vol-

ume. Greater NIH volume was observed in lipidic compared with non-lipidic seg-

ments (8.7 ± 5.6% vs. 6.1 ± 5.2%, p = 0.005).

Conclusions: Six-month strut coverage of BP-EES was not non-inferior compared to

those of DP-EES in ACS patients. Good stent apposition and expansion were inde-

pendently associated with better vascular healing.
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acute coronary syndrome, bioresorbable polymer, durable polymer, everolimus-eluting stents,
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1 | INTRODUCTION

First-generation drug-eluting stents (DES) dramatically reduced restenosis

compared with bare metal stents (BMS); however, very late stent throm-

bosis (VLST) has emerged as an important concern.1 Histopathological

studies have confirmed that delayed arterial healing, lack of

endothelization characterized by uncovered stent struts, as well as inflam-

matory response and hypersensitivity reaction to the durable polymer

(DP) were all associated with VLST.2,3 Several studies using optical coher-

ence tomography (OCT) have observed a higher rate of uncovered stent

struts and malapposed struts in patients at the time of VLST.4–7 Over the

last decade, DES technology has improved and modified to have thinner

metallic struts and more biocompatible DP (second-generation DES). Strut

thickness is one of the key features of vascular healing. In vivo and

ex vivo experimental studies have shown that thinner struts induced less

flow disturbance and less thrombogenicity compared to thicker struts.8 In

fact, a human pathological study confirmed that second-generation

DES, such as everolimus-eluting stents (EES), demonstrated greater strut

coverage with less inflammation, equivalent to BMS and superior to

first-generation DES.9 Recently, bioresorbable polymers (BP) have been

introduced based on the assumption that any DP is potentially harmful;

however, it is unclear whether new-generation DES with BP is effective

with respect to vascular healing compared to contemporary second-

generation DES with DP. Moreover, strut coverage after implantation

can be affected by underlying plaque morphology, especially lipid-rich

plaque in patients with acute coronary syndromes (ACS).10,11 On this

background, we used OCT to compare mid-term (6-month) vascular

healing responses between new-generation DES (BP-EES) and second-

generation DES (DP-EES) in patients presenting with ACS.

2 | MATERIALS AND METHODS

2.1 | Study design

The comparison of the healing response of bioresorbable polymer

versus durable polymer DES in patients with acute coronary

syndrome (HR-ACS) study is a prospective, single-center (Juntendo

University Hospital, Tokyo, Japan), single-blind, active-treatment-

controlled, non-inferiority randomized trial comparing stent healing

at 6 months between BP-EES versus DP-EES. This trial is registered

with the University Hospital Medical Information Network

(UMIN000028967). We prospectively screened patients with ACS

undergoing percutaneous coronary intervention (PCI) for de novo

native coronary artery lesions responsible for ACS. ACS was diag-

nosed based on clinical symptoms, electrocardiographic changes

compatible with acute myocardial ischemia, and elevation of cardiac

biomarkers. Patients with evidence of ACS including ST-segment

elevation myocardial infarction (STEMI), non-STEMI, and unstable

angina were eligible for inclusion. Exclusion criteria were cardiogenic

shock, acute decompensated heart failure, indications for coronary

artery bypass graft surgery, target lesion within a coronary bypass

graft, or need for non-cardiac surgery within 6 months. Eligible

patients were randomly assigned 1:1 to BP-EES (Synergy, 74 μm

strut thickness; Boston Scientific Corporation, Marlborough, MA)

versus DP-EES (XIENCE Alpine, 81 μm strut thickness; Abbott Vas-

cular, Santa Clara, CA) using a web-based randomization system

after restoration of TIMI 3 flow, but before stent implantation during

primary PCI. Primary PCI was performed using standard techniques

and intravascular ultrasound (IVUS)-guidance by experienced inter-

ventional cardiologists. OCT was performed at the end of the PCI

procedure and at 6-month (±30 days) follow-up. Information from

intravascular imaging either at baseline or follow-up was not blinded

to the operators. Patient clinical follow-up data was prospectively

collected by hospital visits until 6 months. The institutional review

board approved this study protocol, and written informed consent

was obtained from all patients before the index procedure.

2.2 | Study endpoints and sample size

The primary endpoint was percent strut coverage at 6 months mea-

sured by OCT. Secondary endpoints includes thickness of neointimal

hyperplasia (NIH) and percent NIH volume. As an exploratory
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analysis, morphological factors (underlying lipidic plaque behind

stent and stent expansion indices) potentially related to the primary

and secondary endpoints were evaluated. Absorption of the polymer

(poly-lactide-co-glycide) of BP-EES has been reported to be nearly

completed by 4 months in normal coronary arteries in a swine

model.12 In consideration of variations in healing in atherosclerotic

coronary arteries among different patients, we set the follow-up

OCT at 6 months.

Although BP-EES is expected to have superior strut coverage

compared to DP-EES, previous data showed excellent strut

coverage of DP-EES. In a meta-analysis including stable patients, the

weighted average of percent strut uncoverage of DP-EES in

498 lesions from 7 studies was 3.3% at 6 months.13 Thus, we thought

that the most realistic hypothesis was that the strut coverage of BP-

EES would be non-inferior compared with that of DP-EES at 6 months

after stent implantation in ACS patients; and the 2.0% non-inferiority

margin was based on prior observations. Ino et al. reported that DP-EES

F IGURE 1 Study flow chart. ACS, acute coronary syndromes; BP-
EES, bioresorbable polymer everolimus-eluting stent; DP-EES, durable
polymer everolimus-eluting stent; OCT, optical coherence
tomography

TABLE 1 Baseline clinical characteristics

BP-EES (n = 52) DP-EES (n = 52) p-value

Age, years 64.3 ± 12.3 69.1 ± 11.7 0.046

Male sex 41 (78.8) 41 (78.8) 0.99

Body mass index, kg/m2 24.4 ± 4.3 24.8 ± 4.5 0.70

Hypertension 32 (61.5) 37 (71.2) 0.30

Dyslipidemia 42 (80.8) 37 (71.2) 0.25

Diabetes mellitus 20 (38.5) 16 (30.8) 0.41

Insulin-treated 5 (9.6) 4 (7.7) 0.99

Current smoker 17 (32.7) 14 (26.9) 0.52

Chronic kidney diseasea 8 (15.4) 10 (19.2) 0.60

Prior percutaneous coronary intervention 10 (19.2) 9 (17.3) 0.80

Prior myocardial infarction 4 (7.7) 6 (11.5) 0.51

Prior coronary bypass grafting 1 (1.9) 1 (1.9) 0.99

Clinical presentation 0.30

ST-segment elevation myocardial infarction 26 (50.0) 25 (48.1)

Non–ST-segment elevation myocardial infarction 12 (23.1) 7 (13.5)

Unstable angina 14 (26.9) 20 (38.5)

Lipid profile at admission

Low-density lipoprotein, mg/dl 126.4 ± 38.4 114.3 ± 33.8 0.09

High-density lipoprotein, mg/dl 46.7 ± 11.2 49.0 ± 10.7 0.29

Triglycerides, mg/dl 147.0 ± 80.9 129.6 ± 81.7 0.28

Statin at admission 20 (38.5) 22 (42.3) 0.69

DAPT at discharge 51/51 (100) 52/52 (100) 0.99

DAPT at 6 months 41/47 (87.2) 37/49 (75.5) 0.14

Note: Values are n (%) or mean ± SD.

Abbreviations: BP-EES, bioresorbable polymer everolimus-eluting stent; DAPT, dual antiplatelet therapy; DP-EES, durable polymer everolimus-eluting

stent.
aEstimated glomerular filtration rate ≤ 60 ml/min/1.73m2 using the modification of diet in renal disease formula.
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had similar percent strut uncoverage compared with bare metal stent

(2.1 ± 2.8% vs. 1.7 ± 2.7%) as assessed by OCT at 10 months after

stent implantation in STEMI patients.14 Won et al. reported that the

association between the percent strut uncoverage and subsequent

definite stent thrombosis or cardiac death in 489 patients who under-

went 6–18 months follow-up OCT was 14.4 ± 10.8% in 6 patients

with events (4 patients suffered definite stent thrombosis and

2 patients died due to cardiac cause) versus 6.8 ± 11.6% in

483 patients without events.15 Chieffo et al. reported that the median

percent strut uncoverage of DP-EES in 29 ACS patients (24% of

STEMI) at 6-months was 6.4% (first quartile, third quartile: 3.27,

9.57).16 Thus, 6.4% strut uncoverage of DP-EES (control) and 8.4%

strut uncoverage of BP-EES (i.e., 2.0% of non-inferiority margin)

seemed to be clinically acceptable. A total of 88 patients were

required assuming a SD of 2.8% (based on the data by Ino et al.), a

non-inferiority margin of 2.0%, 1-sided alpha risk of 5%, and 80%

power. To account for loss of non-qualified OCT images and clinical

follow-up attrition, a 20% failure rate was estimated. Thus, a total of

110 patients was required.

2.3 | Angiographic and OCT imaging and analysis

The ILUMIEN OPTIS imaging system with Dragonfly DUO Imaging

Catheter (Abbott Vascular) was used. The OCT catheter was intro-

duced distal to the lesion, and contrast was injected via the guiding

catheter at a rate of 4–5 ml/s during motorized pullback (at 0.2 mm of

frame interval) during imagine acquisition.

Angiograms and OCT images were analyzed at an independent

core laboratory (Cardiovascular Research Foundation, New York, NY)

without knowledge of randomized allocation or clinical information.

Quantitative coronary angiography (QCA) analysis including lesion

length, reference vessel diameter, minimum lumen diameter, and

diameter stenosis was performed pre-PCI, post-PCI, and at 6-month

TABLE 2 Angiographic and
procedural findings

BP-EES (n = 52) DP-EES (n = 52) p-value

Target vessel, LAD/LCX/RCA 30/4/18 30/11/11 0.08

Proximal lesion location 20 (38.5) 17 (32.7) 0.54

ACC/AHA classification B2/C lesion 34 (65.4) 36 (69.2) 0.68

Calcification moderate/severe 10 (19.2) 13 (25.0) 0.48

Thrombus 13 (25.0) 13 (25.0) 0.99

Pre-PCI TIMI flow 0/1 18 (34.6) 13 (25.0) 0.28

Post-PCI TIMI flow 3 49 (94.2) 50 (96.2) 1.00

Lesion length, mm 17.0 ± 9.4 17.3 ± 11.4 0.90

Reference vessel diameter, mm 2.69 ± 0.64 2.77 ± 0.67 0.54

Number of stents per lesion 1.1 ± 0.3 1.1 ± 0.3 0.76

Total stent length, mm 24.8 ± 9.5 25.2 ± 13.0 0.85

Maximum stent diameter, mm 3.0 ± 0.5 2.9 ± 0.5 0.21

Post-dilatation performed 46 (88.5) 51 (98.1) 0.11

Post-dilatation maximum pressure, atm 18.7 ± 3.4 18.2 ± 3.5 0.47

Minimum lumen diameter, mm

Pre-PCI 0.54 ± 0.39 0.51 ± 0.38 0.65

Post-PCI, in-stent 2.50 ± 0.48 2.46 ± 0.46 0.59

Acute gain, in-stent 1.96 ± 0.52 1.94 ± 0.50 0.87

6-month follow-up, in-stent 2.61 ± 0.57 2.46 ± 0.54 0.19

Late loss, in-stent �0.09 ± 0.41 �0.03 ± 0.42 0.48

Diameter stenosis, %

Pre-PCI 80.6 ± 12.8 82.0 ± 13.5 0.60

Post-PCI, in-stent 14.8 ± 6.3 14.4 ± 7.2 0.72

6-month follow-up, in-stent 15.2 ± 7.5 15.4 ± 7.5 0.90

Binary restenosis, in-stenta 2/47 (4.3) 0/49 (0.0) 0.24

Note: Values are n (%) or mean ± SD.

Abbreviations: ACC, American College of Cardiology; AHA, American Heart Association; BP-EES,

bioresorbable polymer everolimus-eluting stent; DP-EES, durable polymer everolimus-eluting stent; LAD,

left anterior descending artery; LCX, left circumflex artery; PCI, percutaneous coronary intervention;

RCA, right coronary artery; TIMI, thrombolysis in myocardial infarction.
a≥50% luminal narrowing in-stent at follow-up angiography.
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follow-up using QAngio XA 7.3 (Medis Medical Imaging Systems, Lei-

den, the Netherlands).17

Baseline OCT images were analyzed first, and the follow-up OCT

was matched for each analyzed frame using fiduciary landmarks and

off-line proprietary software (Abbott Vascular). At baseline, each strut

was categorized as either apposed, embedded, tissue protruded,

malapposed, or located at a side branch orifice (Figure S1). At follow-

up, a strut was considered to be covered if there was smooth continu-

ous tissue on the strut surface and on both sides of the strut

(Figure S2).18 Percent strut coverage was defined as total number of

covered struts divided by the total number of analyzed struts. Lumen,

stent, and NIH (stent minus lumen) area and diameter and neointimal

thickness (distance between the center of strut blooming and the

lumen surface) were analyzed every 1 mm. Percent NIH volume

(NIH/stent volume) per lesion was calculated. For stent expansion, we

adopted the new method defined by Huo-Kassab (H-K) in addition to

conventional definitions. The H-K model defined stent expansion by

considering vessel tapering due to side branches.19,20 Further details

are provided in the Supplement S1.

2.4 | Statistical analysis

All analyses were performed in the intention-to-treat population. Con-

tinuous variables were reported as mean ± SD or median (first quar-

tile, third quartile) and compared with the Student t test for normally

distributed data or the Wilcoxon rank-sum test for non-normally dis-

tributed data between two randomized groups. Categorical variables

were described as frequency and compared using the χ2 test between

two randomized groups. For comparison of NIH thickness (strut level),

continuous variables were compared using generalized estimating

equations to account for the clustering effect within each lesion.

Multivariable linear regression analysis was performed to determine

the factors associated with vascular healing including all lesions with

stent type as a covariate. A p-value < 0.05 was considered a signifi-

cant. All statistical analyses were performed with SAS version 9.4

(SAS Institute, Cary, NC).

3 | RESULTS

3.1 | Study population and baseline clinical
characteristics

Between August 2016 and August 2018 (pre-specified enrollment

period), a total of 104 patients were randomly assigned to BP-EES or

DP-EES. After exclusion of non-qualified OCT images or missing

follow-up OCT images, a total of 86 lesions in 86 patients were

included in the primary endpoint analysis (40 BP-EES vs. 46 DP-EES)

(Figure 1). Follow-up OCT was performed at 188 ± 9 days with no dif-

ference between the groups. Baseline clinical characteristics have

been given in Table 1. There were no significant differences between

groups except for patient age. In addition, there were no differences

in baseline lesion, procedural, or QCA details (Table 2).

3.2 | OCT findings

As given in Table 3, at baseline there were no significant differences

between groups in stent expansion indices. Almost all patients

(91.6%) had lipid behind the implanted stent. At baseline, percent

embedded struts was higher (20.8% vs. 13.5%) and percent apposed

TABLE 3 Optical coherence
tomography entire stent segment
findings

BP-EES DP-EES p-value

Baseline post-PCI 38 lesions 45 lesions

Minimum stent area, mm2 6.46 ± 2.53 5.82 ± 2.19 0.22

Mean stent area, mm2 8.04 ± 2.68 7.50 ± 2.32 0.32

Conventional stent expansion, % 77.5 ± 14.1 71.8 ± 12.9 0.06

Minimum H-K stent expansion, % 81.2 ± 14.0 74.9 ± 12.5 0.052

Eccentricity index 0.81 ± 0.07 0.81 ± 0.08 0.96

Asymmetry index 0.28 ± 0.10 0.31 ± 0.10 0.27

Lipidic plaque behind stent 35 (92.1) 41 (91.1) 1.00

Follow-up 40 lesions 46 lesions

Minimum lumen area, mm2 5.92 ± 2.43 5.27 ± 2.24 0.20

Percent NIH area at MLA site, % 15.2 ± 11.5 13.2 ± 12.2 0.45

Percent NIH volume, % 7.5 ± 4.7 7.3 ± 5.3 0.85

NIH thickness, μm 70.0 ± 33.9 67.2 ± 33.9 0.71a

Note: Values are n (%), mean ± SD.

Abbreviations: BP-EES, bioresorbable polymer everolimus-eluting stent; DP-EES, durable polymer

everolimus-eluting stent; H-K, Huo-Kassab; MLA, minimum lumen area; NIH, neointimal hyperplasia; PCI,

percutaneous coronary intervention.
aStrut level comparison using each individual strut with clustering adjusting.
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struts (median, 59.9% vs. 68.9%) was lower in BP-EES compared with

DP-EES (Table 4).

Six-month percent strut coverage (primary endpoint) of BP-EES

(83.6 ± 11.4%) was not non-inferior compared to those of DP-EES

(81.6 ± 13.9%), difference 2.0% [lower 95% confidence inter-

val � 2.6%], pnon-inferiority = 0.07 (Table 4). There were no significant

differences in neointimal thickness (70.0 ± 33.9 μm vs. 67.2 ± 33.9 μm,

p = 0.71) or percent NIH volume (7.5 ± 4.7% vs. 7.3 ± 5.3%, p = 0.85)

between BP-EES versus DP-EES (Table 3). The cumulative frequency

for stent strut coverage and the distribution of strut-level neointimal

thickness was also quite similar between the two stents (Figure 2).

When we used the definition of healthy strut coverage (≥40 μm by

OCT) derived using histopathological healthy neointima as the gold

standard,21 percent healthy strut coverage was also similar between

BP-EES (69.7 ± 15.4%) versus DP-EES (68.0 ± 18.9%).

3.3 | Morphologic factors associated with vascular
healing

By multivariable linear regression models, there was no association

between stent type and stent healing (percent strut coverage or per-

cent NIH volume) (Table 5). Both percent embedded struts and mini-

mum H-K stent expansion at baseline were positively associated with

%NIH volume at follow-up. Using a conventional definition of stent

expansion (minimum stent area/average reference lumen area) there

was a similar trend, but a less clear association compared with the

H-K definition of stent expansion (Table S1).

3.4 | Comparison between segments with versus
without lipidic plaque behind the stent in the same
patients

There were 72 lesions with both lipidic plaque and non-lipidic plaque

somewhere behind the stent at baseline. In order to clarify the effect

of underlying lipidic plaque on stent healing, stent healing parameters

between the stent segment with underlying lipidic plaque versus the

stent segment without underlying lipidic plaque within the same

lesion were compared including all lesions with lipidic plaque at base-

line (Table 6). At baseline, embedded struts were more frequently

observed within the segment containing lipidic plaque compared with

the segment without lipid; and at follow-up percent strut coverage

and percent NIH volume were significantly greater in segments with

lipidic plaque.

3.5 | Clinical outcomes

Six-month follow-up data after the index procedure were available for

a total of 103 patients excluding one patient who withdrew from the

study. One patient in the BP-EES group died due to a cardiac cause at

5 months after the index procedure. Target lesion revascularization

was necessary in 2 patients with BP-EES and 1 patient with DP-EES

at 6 months, but OCT images at 6 months were obtained before

revascularization; and OCT revealed that the cause of in-stent reste-

nosis was neointimal hyperplasia in all three cases. There were no

instances of myocardial infarction.

TABLE 4 Optical coherence
tomography strut level findings

BP-EES (n = 40) DP-EES (n = 46) p-value

Baseline post-PCI

Total number of stent struts analyzed 7838 9791

Embedded struts, % 20.8 (13.0–25.1) 13.5 (10.0–18.5) 0.006

Apposed struts, % 59.9 (45.4–68.5) 68.9 (62.8–76.5) <0.0001

Malapposed struts, % 0.7 (0.0–1.9) 1.7 (0.3–4.1) 0.047

Struts with tissue on the top, % 16.8 (7.8–26.7) 10.3 (4.7–16.7) 0.006

Struts at side branch orifice, % 0.7 (0.0–2.1) 0.9 (0.0–2.0) 0.83

Follow-up

Total number of stent struts analyzed 8306 9962

Percent strut coverage (D + E), % 83.6 ± 11.4 81.6 ± 13.9 0.47

A, definitely uncovered, % 0.0 (0.0–2.2) 0.9 (0.0–3.0) 0.13

B, uncovered, abnormal tissue on strut, % 0.8 (0.0–1.6) 1.6 (0.2–5.3) 0.02

C, partially uncovered, % 11.8 (4.8–16.3) 10.6 (4.9–20.4) 0.76

D, covered, protruding, % 22.4 (13.9–25.4) 25.0 (15.0–31.8) 0.25

E, covered, embedded, % 65.1 (56.4–73.5) 57.0 (42.3–74.7) 0.26

Malapposed struts, % 0.0 (0.0–0.2) 0.0 (0.0–0.6) 0.06

Note: Values are n (%), mean ± SD, or median (first quartile, third quartile).

Abbreviations: BP-EES, bioresorbable polymer everolimus-eluting stent; DP-EES, durable polymer

everolimus-eluting stent; PCI, percutaneous coronary intervention.
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4 | DISCUSSION

This study assessed strut coverage at 6-month follow-up comparing BP-

EES versus DP-EES in patients with ACS. The findings of the present

study are as follows. (a) Six-month strut coverage of BP-EES was not

non-inferior compared to DP-EES in ACS patients. (b) Percent baseline

embedded struts or stent expansion calculated by the H-K model was

independently associated with percent NIH volume. (c) More neointimal

hyperplasia was observed at the site of lipidic plaque versus the site of

non-lipidic plaque without difference of MLA at 6-month follow-up.

Strut coverage is one of the key features of vascular healing. Inade-

quate strut coverage has been reported to increase the risks of DES fail-

ure such as VLST.4–7 To reduce such risks, biocompatible and

bioresorbable polymers have been developed with new-generation DES.

The TRiple Assessment of Neointima Stent FOrmation to Reabsorbable

polyMer With Optical Coherence Tomography (TRANSFORM-OCT) trial

has reported that a comparable vascular healing response at 3 months

defined as the rates of DES uncoverage between BP-EES versus DP

zotarolimus-eluting stents (DP-ZES).22 On the other hand, a recent

meta-analysis assessing vascular healing with OCT imaging at 7 months

showed that the prevalence of lesions with any uncovered strut was

higher in BP-DES compared to DP-DES, mainly due to thicker strut BP-

DES (strut thickness > 100 μm).23 Thus, whether BP-DES induce better

vascular healing compared to contemporary DP-DES remains controver-

sial and must be compared using stents with similar strut thickness and

incorporating the same drug so that the only difference is the polymer,

which we have done in the current ACS cohort and we confirmed that

the vascular healing was comparable between BP-EES and DP-EES.

Won et al. reported that the percent uncovered stent strut asso-

ciated with definite stent thrombosis or sudden death (n = 6) was

14.4 ± 10.8%, greater than in patients without events (6.8 ± 11.6%)15;

and Guagliumi et al. reported that the percent uncovered stent struts

at the time of definite late stent thrombosis (n = 18) was 12.3% [5.5–

23.3], greater than in patients without late stent thrombosis (4.1%

[3.0–6.2]).4 In an autopsy study, Finn et al. reported a greater percent

of uncovered struts/total struts per section in DES lesions with

thrombus (n = 28) compared to DES lesions without thrombosis (50

± 23% vs. 19 ± 25%); and DES lesions with or without thrombus has a

much greater percent uncovered struts than in vivo OCT studies.3

These reports were mostly in the first-generation DES and in a very

small number of stent thrombosis cases. Thus, it is hard to speculate

on the future risk of adverse events in the current study or the influ-

ence of the current data on DAPT cessation.

In the current study we adopted a 5-level category classification

for baseline stent strut apposition and examined the factors contribut-

ing to vascular healing. The results showed that better stent expansion

and percent embedded struts at baseline were independent predictors

of 6-month percent NIH volume. Better stent expansion may be related

to more embedded struts; and more embedded struts at baseline may

enhance strut coverage at follow-up. Thus, our results suggest that

aggressive stenting or good stent expansion plays a useful role in vas-

cular healing. Of note, in the current study, BP-EES showed greater

percent embedded or apposed struts and less percent malapposed

struts compared to DP-EES at baseline, which may be related to better

stent performance of BP-EES. However, 6-month strut coverage of BP-

EES was not non-inferior compared to DP-EES in this relatively small

cohort. The recent randomized BIOSTEMI trial including 1300 STEMI

patients showed that BP-sirolimus-eluting stents were superior to DP-

EES with respect to 1-year target lesion failure.24

The effect of underlying plaque on stent strut coverage has not

been well characterized. Some previous studies reported that

neointima or stent strut coverage was less on a thin-cap

fibroatheroma.25,26 In contrast, a recent OCT study demonstrated that

percent covered struts and percent neointima were significantly

greater and thicker on a lipidic plaque.27 In the present study, we

compared lipid versus non-lipid segments within the same lesions in

the same patients because this allowed each patient to serve as his or

her own control; and we observed more NIH and better stent strut

coverage in a lipidic segment compared with a nonlipidic segment

F IGURE 2 Strut coverage and neointimal thickness.
(A) Cumulative frequency curve for strut coverage (primary endpoint).
(B) Distribution of neointimal thickness on each struts. BP-EES,
bioresorbable polymer everolimus-eluting stent; DP-EES, durable
polymer everolimus-eluting stent
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without difference of MLA at 6-month follow-up. This may be related

to the finding that baseline embedded struts were significantly more

common in the lipid segment compared those in non-lipidic segment.

In support of this, pathology data has showed that stent struts over-

lying lipid had increased neointimal thickness.28 From the results of

this study, proper stent expansion and lipid behind stent have positive

correlation with endothelialization rather than type of polymer which

appears less relevant.

5 | LIMITATIONS

This present study had several limitations. First, our study included a

relatively small number of patients. The sample size calculation

required 88 cases which was not met (total available number for pri-

mary endpoint analysis was 86 cases). Additionally, the SD of percent

strut coverage was very large compared with prior studies.14,29,30

Thus, we have less power to detect a difference than estimated. Sec-

ond, there were five cases with either stent thrombosis or in-stent

restenosis who have been randomized by error, because their old

stent was not well visualized angiographically and firstly detected dur-

ing IVUS-guided PCI after randomization. Third, baseline final OCT

was not blinded to the operators which may lead the further PCI and

may bias the strut coverage at follow-up. Fourth, the stents in this

study had different platform designs that might have impacted the

results. Fifth, there was no data on thrombus or fibrous cap thickness

prior to stent implantation. Finally, assessment of lipidic plaque was

done using post-PCI OCT, not pre-PCI OCT. One previous pathology

TABLE 5 Association between patient and lesion characteristics and endpoints in the multivariable models

Endpoints

Follow-up %strut coverage Follow-up %NIH volume

Covariates

Regression coefficient

(95% confidence interval) p-value

Regression coefficient

(95% confidence interval) p-value

BP-EES compared with DP-EES (reference) �1.2 (�8.0, 5.7) 0.74 �1.4 (�3.5, 0.8) 0.21

Baseline percent embedded struts, per 10% 3.4 (�0.6, 7.4) 0.09 1.4 (0.2, 2.6) 0.02

Baseline minimum H-K stent expansion, per 10% 1.6 (�0.8, 3.9) 0.19 0.9 (0.1, 1.6) 0.02

Baseline stent asymmetry index �3.0 (�38.1, 32.2) 0.87 4.8 (�6.0, 15.6) 0.38

Baseline total stent length, per 10 mm �0.8 (�4.6, 3.0) 0.69 0.2 (�1.0, 1.4) 0.76

Baseline presence of lipidic plaque behind stent �2.9 (�13.8, 8.1) 0.61 2.1 (�1.3, 5.5) 0.22

Age, per 10 years �2.2 (�4.7, 0.3) 0.09 �0.6 (�1.4, 0.2) 0.12

Female sex 1.3 (�6.0, 8.5) 0.73 1.3 (�0.9, 3.6) 0.24

Diabetes mellitus �5.7 (�12.6, 1.3) 0.11 0.9 (�1.3, 3.0) 0.42

Chronic kidney disease �4.5 (�12.9, 4.0) 0.30 �1.6 (�4.2, 1.0) 0.22

Baseline STEMI presentation 2.2 (�4.0, 8.4) 0.49 0.5 (�1.4, 2.4) 0.63

Follow-up, days 0.08 (�0.30, 0.46) 0.67 0.00 (�0.11, 0.12) 0.97

Abbreviations: BP-EES, bioresorbable polymer everolimus-eluting stent; DP-EES, durable polymer everolimus-eluting stent; H-K, Huo-Kassab; NIH,

neointimal hyperplasia; STEMI, ST-segment elevation myocardial infarction.

TABLE 6 Comparison between the
segments with versus without lipid
behind stent

Segment with lipid Segment without lipid p-value

Number of segments analyzed 72 72

Baseline OCT findings

Minimum lumen area, mm2 6.08 ± 2.18 6.08 ± 2.31 0.99

Minimum stent area, mm2 6.68 ± 2.38 6.10 ± 2.46 0.15

Percent embedded struts, % 20.3 (14.9–31.6) 13.3 (6.9–20.3) <0.0001

Follow-up OCT findings

Minimum lumen area, mm2 6.03 ± 2.33 5.75 ± 2.52 0.49

Minimum stent area, mm2 6.86 ± 2.44 6.15 ± 2.46 0.10

Maximum NIH area, % 17.0 ± 9.8 14.3 ± 8.9 0.09

Percent NIH volume, % 8.7 ± 5.6 6.1 ± 5.2 0.005

Percent covered struts, % 91.3 (74.9–97.1) 84.1 (68.1–94.2) 0.04

Note: Values are mean ± SD, or median (first quartile, third quartile).

Abbreviations: NIH, neointimal hyperplasia; OCT, optical coherence tomography.
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study has shown that plaques attenuated by IVUS correspond to lipid-

rich plaques.31 In the present study, post-hoc validation of post-PCI

OCT lipid rich plaque using pre-PCI IVUS attenuated plaque as the

reference had a sensitivity of 94% and a positive predictive value of

89%. This result supported our contention that post-PCI OCT assess-

ment was consistent with lipid rich plaque.

6 | CONCLUSIONS

Six-month strut coverage of BP-EES was not non-inferior compared to

those of DP-EES in ACS patients. Aggressive stenting or good stent

expansion were independently associated with better vascular healing.
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