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Abstract

Ultra-thin strut polymer-free sirolimus-eluting stent (UPF-SES) have two novel characteristics, ultra-thin strut and polymer-
free coating, which have the potential to achieve early re-endotherialization. However, a little is known whether early vascular
healing of UPF-SES can be achieved in patients with acute coronary syndrome (ACS). The aim of this study was to evaluate
the vascular healing after an implantation of UPF-SES in patients with ACS using optical coherence tomography (OCT) at
3 months after the stent implantation. From September 2020 and January 2021, a total of 31 consecutive patients presenting
with ACS who underwent OCT-guided percutaneous coronary intervention (PCI) and 3 month follow-up OCT examina-
tion were enrolled in the USUI-ACS study. The endpoints of this study were neointimal strut coverage, malapposition, and
mean neointimal hyperplasia (NIH) thickness at 3 month follow-up. Over a mean follow-up of 91 days after the initial PCI,
the follow-up OCT was examined. The median percentage of covered struts was 98.4% and malapposed struts 0%, and the
mean NIH thickness was 80 pm. UPF-SES exhibited an excellent early vascular healing at 3 months in patients with ACS.
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Introduction

As compared to bare metal stents, first generation drug-elut-
ing stents (DESs) have dramatically reduced the incidence
of restenosis and target lesion revascularization by inhibit-
ing neointimal hyperplasia [1]. However, there remains a
concern about the increasing risk of late stent thrombosis
related to incomplete endothelialization and delayed healing
[2, 3]. Therefore, new generation DESs have been designed
to overcome these limitations by using different antiprolifer-
ative drugs and release kinetics, thinner and improved stent
struts, and the development of biocompatible, bioabsorbable
polymer coatings or a polymer-free technology [4]. Ultra-
thin strut polymer-free sirolimus-eluting stent (UPF-SES)
(Coroflex ISAR NEO; B Braun Melsungen AG, Melsungen,
Germany) is a newly developed DES that consist of ultra-
thin struts (55 um for less than 3 mm stents and 65 um for
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3.5-4.0 mm stents) with a dual drug coating of probucol
and sirolimus without a polymer. As a hypothesis, ultra-thin
struts cause less vessel injury than thicker struts, and a non-
polymer coating avoids local arterial hypersensitivity and
chronic inflammatory reactions. Therefore, UPF-SES can
achieve early vascular healing after the stent implantation.
Actually, FRIENDLY OCT trial compared UPF-SES (Coro-
flex ISAR; B. Braun Melsungen AG, Melsungen, Germany),
which consist of ultra-thin struts (50 pm for less than 2.5 mm
and 60 pm for more than 2.75 mm) and a dual drug coating
(probucol and sirolimus) without a polymer, with thin strut
bioabsorbable polymer coating SES (BP-SES) (Ultimaster;
Termo Corporation, Tokyo, Japan) at the 3 month follow-up
optical coherence tomography (OCT) [5]. The study dem-
onstrated that UPF-SES had earlier and excellent vascular
healing than BP-SES at 3 months. However, the limitations
of the study were exclusion of ST-segment elevation myo-
cardial infarction (STEMI) patients and inclusion of high
proportion of non-acute coronary syndrome (ACS) patients
(44%) [5]. Therefore, a little is known whether early vascular
healing of UPF-SES can be achieved even in ACS patients.
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We conducted a prospective observational study to
evaluate whether early vascular healing of UPF-SES can
be achieved in patients with ACS using 3 month follow-up
OCT examination.

Methods
Patient population

We prospectively enrolled consecutive patients who
underwent percutaneous coronary intervention (PCI) in
our institution from September 2020 to January 2021. All
the patients were registered in the early vascular healing
of Ultra-thin Strut polymer-free sirolimus-elutlng stents
in Acute Coronary Syndrome (USUI-ACS) registry. The
inclusion criteria were as follows: (1) patients presenting
with ACS [STEMI, non-ST-segment elevation myocardial
infarction (NSTEMI), and unstable angina (UA)]; (2) de
novo lesion with>50% diameter stenosis; (3) patients who
underwent OCT-guided PCI; and 4) patients who agreed to
follow-up angiographic and OCT examination at 3 month.
The exclusion criteria were as follows: (1) a left main lesion,
right ostial or coronary bypass graft lesion; (2) in-stent reste-
nosis; and (3) chronic kidney disease defined as a serum
creatinine level >2.0 mg/dl or maintenance hemodialy-
sis. A loading dose of aspirin (81-200 mg) and prasugrel
(20 mg) (the standard loading dose in Japan) was adminis-
tered before the PCI. Dual antiplatelet therapy (DAPT) was
recommended in accordance with the Japanese Circulation
Society guidelines [6]. Written informed consent to partici-
pation was obtained from all patients in accordance with the
Declaration of Helsinki, and the protocol was approved by
the Osaka Rosai Hospital ethics committees. It was regis-
tered under the Japanese UMIN Clinical Trial Registration
(UMIN 000,042,271).

Procedural management

PCI was performed according to standard techniques. Radial
access is recommended over femoral access [7]. The direct
stenting, thrombectomy, pre-dilatation, and post dilatation
were left to each operator’s discretion, and the operator
referred to the OCT findings to determine the strategy. The
stent diameter was basically determined according to the
external elastic lamina (EEL)-based approach [8]. The ref-
erence site was set at a cross-section adjacent to the lesion
that is most normal looking and free of lipid plaque [9]. We
measured proximal and distal reference mean EEL diameters
and used the smaller of them rounded down to the nearest
0.25 mm to determine stent diameter [8]. Stent length was
selected by measuring distance from the distal reference to
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the proximal reference. Post dilatation was recommended
when malapposition >400 pm was observed [10].

Study endpoints

The primary endpoint was the percentage of covered struts at
the 3 month follow-up. Secondary endpoints were the other
OCT findings at the 3 month follow-up including the per-
centage of malapposed struts and mean neointimal hyperpla-
sia (NIH) thickness. The co-secondary endpoints were the
incidence of cardiac death, target vessel myocardial infarc-
tion, ischemia driven target lesion revascularization, and
stent thrombosis within one year. Cardiac death was defined
as any death due to proximate cardiac cause, unwitnessed
death and death of unknown cause, all procedure related
deaths [11]. Myocardial infarction was defined as a charac-
teristics rise and fall of creatinine kinase-MB fraction or tro-
ponin in the presence of at least one of ischemic symptoms,
new pathological Q wave, ischemic electrocardiographic
changes, and pathological evidence of acute myocardial
infarction [12]. Target lesion revascularization was defined
as repeat PCI or bypass graft placement for restenosis or
other complications at the lesion treated during index PCI, or
occurring within 5 mm of the PCI site [11]. Stent thrombosis
was categorized according to the definitions provided by the
Academic Research Consortium [11].

OCT image acquisition

OCT images were acquired with OPTIS MOBILE OCT
system (Abbott Vascular, Santa Clara, CA, USA) after the
administration of intracoronary nitroglycerin. A conven-
tional angioplasty guidewire (0.014 inch) was advanced
distal to the region of interest, and then the OCT imaging
catheter (Dragonfly, Abbott Vascular, Santa Clara, CA,
USA) was advanced over the guidewire beyond the region
of interest. During the imaging acquisition, blood was dis-
placed by an injection of contrast media. The images were
calibrated by an automated adjustment of the Z-offset and
the automated pullback was set at 18 or 36 mm/s.

OCT image analysis

We performed quantitative and qualitative OCT analyses
using dedicated software (Off-line Review Workstation,
version E.0.2, Abbott Vascular, Santa Clara, CA, USA).
We previously published the details of the OCT analysis
[13]. All variables were analyzed at lesion level. In brief,
the cross-sectional OCT images were analyzed at 1-mm
intervals within the entire target segment of the pre-proce-
dural, post-procedural, and 3 month follow-up OCT data.
In the pre-procedural OCT data, lesion morphology was
assessed at the culprit site and the lesions were categorized
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as follow: plaque rupture, plaque erosion, calcified nodule
or unknown [9]. Minimum lumen area was derived from an
automatic lumen segmentation within the region of inter-
est. In the post-procedural OCT data, minimum lumen
area was derived from an automatic lumen segmentation
within the stented lesion. Stent area tracings were manually
performed at 1-mm intervals within the stented lesion and
minimum stent area within the stented lesion was evaluated.
In-stent tissue protrusions were divided into three catego-
ries: smooth protrusions, disrupted fibrous tissue protrusion,
and irregular protrusions [13]. In the follow-up OCT data,
struts were classified as uncovered if any part of the strut
was visibly exposed to the lumen and as covered if a layer of
tissue was visible over all the reflecting surfaces. A malap-
posed strut was defined as a distance between the center of
the strut blooming into the luminal contour of the arterial
wall of > 55 um for less than 3 mm stents and > 65 um for
3.5-4.0 mm stents. The percentage of covered and malap-
posed struts were calculated as the number of covered and
malapposed struts divided by the total number of analyzed
struts for each lesion. The NIH thickness was defined as
the distance between the endoluminal surface of the strut
reflection and the lumen contour. Mean NIH thickness (total
NIH thickness divided by total struts) was calculated for
each lesion. The inter-observer reproducibility of the OCT
image analysis in our institution were shown in a previous
article [13].

Statistical analysis

No sample size calculation was performed due to the absence
of previous data. Categorical variables are stated as numbers
(percentages) and compared using a Pearson’s chi-squared
test. Continuous variables are stated as the mean =+ stand-
ard deviation or median (interquartile range) and compared
using a Student’s #-test and the Mann—Whitney U test, based
on the distribution. A p value < 0.05 was considered signifi-
cant. We also compared the pre-procedural, post-procedural
and follow-up OCT data between STEMI and NSTEMI/UA
for the exploratory analysis. The statistical analysis was per-
formed using the R programming language and environment
version 3.6.1.

Results
Study population

Figure 1 shows the study flow chart. From September 2020
to January 2021, a total of 31 consecutive patients were
enrolled in the present study. 25 ineligible patients were
treated with intravascular ultrasound (IVUS) mainly due to
chronic kidney disease. 3 patients were lost to follow-up

Consecutive ACS patients
who underwent PCI
(n=61)
From September 2020 and January 2021

Ineligible (n=25)
/ CKD/HD (n=8)
v Ostial lesions (n=1)
v Hemodynamic instability (n=5)
v In stent restenosis (n=1)
v Stent less PCI (n=5)
v Others (n=5)

UPF-SES was implanted with OCT
(n=36)

Lost to follow-up
(n=5)

Patients who underwent follow-up OCT
(n=31)

Fig.1 Study Flow Chart. Sixty-one consecutive patients presenting
with acute coronary syndrome (ACS) who underwent percutane-
ous coronary intervention (PCI) were assessed for eligibility in our
institution between September 2020 and January 2021. In twenty-five
patients who were excluded from the study due to intravascular ultra-
sound guided PCI, eight patients had chronic kidney disease (CKD)
or hemodialysis (HD). Thirty-five patients underwent PCI using opti-
cal coherence tomography (OCT) and ultra-thin strut polymer-free
sirolimus eluting stent (UPF-SES) were implanted. Finally, a total of
thirty-one patients underwent a 3 month follow-up OCT examination

due to COVID-19 pandemic, and one patient was due to the
progression of cancer and the other patient was due to the
progression of interstitial pneumonia. There was no patient
who had any cardiac events including stent thrombosis dur-
ing the 3 months.

Patient, lesion, and procedural characteristics

The baseline patient, lesion, and procedural characteristics
are summarized in Table 1. The proportion of STEMIs was
61%, NSTEMI 26%, and UA 13%. The median stent size and
length were 3.00 mm and 28 mm, respectively. All patients
had DAPT for 3 months.

OCT findings at pre and post procedure

Only one pre-procedure OCT pull-back image was excluded
because of a poor image quality. All the other OCT pull-back
images were analyzed. Table 2 shows the pre-procedural and
post-procedural OCT findings. White or red thrombus was
observed in 63% and plaque rupture in 67%. The minimum
stent area was 5.66 mm?. The percentage of malapposed
struts was 2.3% and proportion of irregular protrusion 61%.

Three-month follow-up OCT findings

The mean follow-up OCT analysis was performed 91 days
after the initial PCI. The follow-up OCT findings are presented
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Table 1 Baseline patient, lesion and procedural characteristics

Table 2 Pre-procedural and post-procedural OCT findings

n=31
Patient characteristics
Age, year T1+11
Height, cm 162+9
Weight, kg 65+14
Body mass index, kg/m? 25+4
Male, n 21 (68%)
Diabetes mellitus, n 8 (26%)
Hypertension, n 22 (711%)
Dyslipidemia, n 25 (81%)
Current smoker, n 6 (19%)
eGFR < 60 ml/min/1.73 m?, n 13 (42%)
Prior myocardial infarction, n 1 (3%)
Prior PCI, n 3 (10%)
Killip classification VIV/II/IV 29,0,0,2
Presentation
STEMI, n 19 (61%)
NSTEMI, n 8 (26%)
UA, n 4 (13%)
Lesion characteristics
Location
LAD, n 13 (42%)
LCX,n 5 (16%)
RCA, n 13 (42%)
Lesion type
A/Bl,n 13 (42%)
B2/C,n 18 (58%)
Procedural characteristics
Radial approach, n 27 (87%)
Stent size, mm 3.00 [2.94, 3.50]
Stent length, mm 28 [22, 38]
Pre dilatation, n 26 (84%)
Pre dilatation balloon size, mm 2.50[2.00, 3.19]
Post dilatation, n 16 (52%)
Post dilatation balloon size, mm 3.25[3.00, 3.50]
Post dilatation balloon pressure, atm 20 [20, 22]
Thrombectomy, n 16 (52%)
TIMI flow before PCI 0, 1, 2, 3 11,4,5,11
TIMI flow after PCI 0, 1,2, 3 0,0,4,27
Use of mechanical circulatory support, n 1 (3%)

Values are the mean+standard deviation, number (%), or median
[interquartile range]

eGFR estimated glomerular filtration rate, LAD left anterior descend-
ing, LCX left circumflex, LMT left main trunk, NSTEMI non-ST
elevation myocardial infarction, RCA right coronary artery, PCI per-
cutaneous coronary intervention, STEMI ST elevation myocardial
infarction, TIMI Thrombolysis in Myocardial Infarction, UA unstable
angina

@ Springer

Pre-procedural OCT findings n=30

Distal reference lumen area, mm> 6.54 [4.04, 7.83]
2.88 [2.26, 3.15]
8.32 [6.60, 11.30]
3.2312.87,3.79]
Mean reference area, mm? 7.67 [5.17, 9.84]
1.04 [0.76, 1.25]
1.12 [0.98, 1.25]

Distal reference mean diameter, mm
Proximal reference lumen area, mm?

Proximal reference mean diameter, mm

Minimum lumen area, mm>

Minimum lumen diameter, mm

Morphology
Plaque rupture, n 20 (67%)
Plaque erosion, n 2 (7%)
Calcified nodule, n 1 3%)
Unknown, n 7 (23%)

White or red Thrombus, n 19 (63%)

Lipid rich plaque, n 28 (93%)
Thin cap fibroatheroma <65 pm, n 20 (71%)
Minimum fibrous cap thickness, pm 50 [40, 73]

Maximum lipid arc, degree 343 [246, 360]
165 [127, 193]
11[6, 18]

17 (57%)

880 [630, 1000]

151 [95, 208]

Mean lipid arc, degree
Total lipid length, mm
Calcified plaque, n
Maximum calcium thickness, pm

Maximum calcium arc, degree

Mean calcium arc, degree 78 [65, 100]
Post-procedural OCT findings n=31
Total analyzed frames, n 27 [22, 38]

Total analyzed struts, n 267 [216, 386]

Minimum lumen area, mm? 5.46 [4.08, 7.04]

Minimum stent area, mm?> 5.66 [4.20, 7.21]
Minimum expansion index 76 [70, 89]
Stent expansion index, % 72 [66, 83]
Malapposed struts, % 2.3[0.9,5.4]
Prevalence of malapposition >400 pm, n 9 (29%)
Edge dissection, n 0
Protrusion
Smooth, n 30 (97%)
Disrupted, n 15 (48%)
Irregular, n 19 (61%)

in Table 3. The percentage of covered struts was 98.4% and
malapposed struts 0%, and the mean NIH thickness was 80 pm.
Figure 2 shows the individual serial changes in the percentage
of malapposed struts. The percentage of malapposed struts
significantly decreased during the 3 month follow-up period
(p<0.01). Figure 3 demonstrates the representative OCT
images of the struts and neointimal coverage over 3 month.
The comparison of the OCT findings between STEMI and
NSTEMI/UA was shown in Table 4. At the 3 month follow-
up OCT data, the percentage of covered struts did not differ
between the two groups. The percentage of malapposed struts
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Table 3 Three-month follow-up OCT findings

n=31

Mean follow-up, days 91+6
Stent level analysis
202 [171, 275]

98.4[97.2,99.6]

Stent struts, n

Covered struts, %

Malapposed struts, % 0.0 [0.0, 0.7]
Mean NIH thickness, pm 80 [60, 100]
Mean lumen area, mm? 6.96 [5.25, 8.68]
Minimum lumen area, mm? 5.31[3.87, 6.74]
Mean stent area, mm? 7.42 [5.65, 9.00]
Minimum stent area, mm?> 5.67 [4.14, 6.97]

NIH neointimal hyperplasia

Percentage of malapposed struts (%)

(%)

2.3%1[0.9, 5.4]

0.0% [0.0, 0.7]

3-month follow

Fig.2 Individual Serial Changes in the Percentage of Malapposed
Struts. The percentage of malapposed struts significantly decreased
during the 3 month follow-up period (p <0.01)

was significantly higher in STEMI than in NSTEMI/UA, but
the absolute difference was low.

One-year clinical outcome

At 1 year of follow-up, cardiac death occurred in 1 (3%)
patient due to heart failure. There was no target vessel myo-
cardial infarction, ischemia driven target lesion revasculariza-
tion and stent thrombosis (definite, probable, and possible)
within 1 year.

Post-procedural OCT images

Distal site Culprit site Proximal site

3-month follow-up OCT images

Proximal site

Distal site

Culprit site

Fig.3 Representative Serial OCT Images of the Struts and Neoin-
timal Coverage over 3 months. Ultra-thin strut polymer-free stent
(4.0x24 mm) was implanted in the patient. The left panel shows the
distal site, middle panel the culprit site, and right panel the proximal
site. All stent struts at those sites were covered by the neointima over
3 months

Discussion

The present OCT study demonstrated excellent strut cover-
age and apposition of the UPF-SES at 3 month follow-up
in patients with ACS. In addition, 1 year clinical outcomes
were acceptable.

Early vascular healing of UPF-SES in patients
with ACS

Concerning the pathology, it has been reported that ves-
sel healing of DESs in patients with ACS is substantially
delayed as compared to that in those with stable angina [14].
Actually, MECHANISM-ULTIMASTER study, the study
evaluated the serial vascular healing of BP-SES, showed
that the percentage of covered struts were significantly
lower in STEMI patients than in non-ACS patients [15]. The
recent OCT analysis of UPF-SES, FRIENDLY OCT trial,
showed that the percentage of covered struts at 3 months
was significantly higher in UPF-SES than BP-SES (96.89%
vs. 94.65%; p < 0.001, respectively) in patients with non-
ACS, NSTEMI and UA [5]. On the other hand, the present
study showed the strut coverage of UPF-SES at 3 months
in patients with only ACS including STEMI, NSTEMI and
UA. Our data demonstrated that the strut coverage of UPF-
SES in ACS patients was comparable to that of FRIENDLY
OCT trial (98.4% vs. 96.89%, respectively) even though our
study population had higher risk of delayed healing than the
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Table 4 Comparison of the OCT findings between STEMI and NSTEMI/UA patients

Pre-procedural OCT findings STEMI NSTEMI/UA p value
n=18 n=12
Distal reference lumen area, mm? 5.05 [3.85, 7.20] 7.73 [7.07,9.21] 0.051
Distal reference mean diameter, mm 2.532.21, 3.01] 3.14 [3.00, 3.42] 0.043
Proximal reference lumen area, mm?> 7.47 [5.87, 8.32] 10.62 [9.36, 11.65] 0.035
Proximal reference mean diameter, mm 3.08 [2.72, 3.25] 3.66 [3.43, 3.85] 0.037
Mean reference area, mm?> 5.64 [5.09, 8.00] 9.32 [8.25, 10.13] 0.057
Minimum lumen area, mm?> 0.97 [0.75, 1.21] 1.10[0.85, 1.29] 0.568
Minimum lumen diameter, mm 1.10[0.97, 1.23] 1.16 [1.04, 1.27] 0.567
Morphology 0.017
Plaque rupture, n 14 (78%) 6 (50%)
Plaque erosion, n 2 (11%) 0
Calcified nodule, n 1 (6%) 0
Unknown, n 1 (6%) 6 (50%)
White or red Thrombus, n 15 (83%) 4 (33%) 0.009
Lipid rich plaque, n 18 (100%) 10 (83%) 0.152
Thin cap fibroatheroma <65 pm, n 13 (72%) 7 (58%) 0.461
Minimum fibrous cap thickness, pm 50 [40, 68] 50 [43, 103] 0.713
Maximum lipid arc, degree 323 [236, 360] 358 [263, 360] 0.792
Mean lipid arc, degree 164 [132, 183] 173 [133, 204] 0.701
Total lipid length, mm 16 [7, 20] 10 [6, 11] 0.107
Calcified plaque, n 11 (61%) 6 (50%) 0.711
Maximum calcium thickness, pm 880 [680, 930] 980 [690, 1100] 0.650
Maximum calcium arc, degree 15197, 220] 130 [81, 164] 0.688
Mean calcium arc, degree 78 [69, 98] 84 (67, 99] 1.000
Post-procedural OCT findings STEMI NSTEMI p value
n=19 n=12
Total analyzed frames, n 29 [26, 38] 24119, 30] 0.118
Total analyzed struts, n 298 [216, 390] 262 [218, 367] 0.685
Minimum lumen area, mm? 4.17 [3.74, 6.29] 6.66 [5.44, 7.85] 0.008
Minimum stent area, mm?> 4.35[3.82, 6.36] 6.90 [5.82, 7.94] 0.012
Minimum expansion index 74 (67, 80] 82 [75, 94] 0.023
Stent expansion index, % 72 [65, 80] 77 [67, 87] 0.376
Malapposed struts, % 2.0[0.7,5.4] 2.9[1.0,5.3] 0.597
Prevalence of malapposition>400 pm, n 6 (32%) 3 (25%) 1.000
Edge dissection, n 0 0 NA
Protrusion
Smooth, n 19 (100%) 11 (92%) 0.387
Disrupted, n 8 (42%) 7 (58%) 0.473
Irregular, n 13 (68%) 6 (50%) 0.452
Three-month follow-up OCT findings STEMI NSTEMI/UA p value
n=19 n=12
Mean follow-up, days 90+7 92+6 0.414
Stent level analysis
Stent struts, n 238 [175, 279] 178 [167, 253] 0.238
Covered struts, % 98.3 [96.4, 99.4] 98.5 [97.8, 100.0] 0.308
Malapposed struts, % 0.4 [0.0, 1.0] 0.0 [0.0, 0.1] 0.048
Mean NIH thickness, pm 70 [60, 90] 90 [60, 100] 0.465
Mean lumen area, mm?> 6.71 [4.67, 7.62] 8.68 [7.02, 9.34] 0.013
Minimum lumen area, mm> 4.30 [3.58,5.71] 6.85[5.39, 7.52] 0.012
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Table 4 (continued)

Three-month follow-up OCT findings STEMI NSTEMI/UA p value
n=19 n=12
Mean stent area, mm> 6.66 [4.92, 7.86] 8.90 [7.78,9.91] 0.008
Minimum stent area, mm?> 4.56 [3.77, 6.12] 6.80 [6.21, 8.09] 0.004

The abbreviations were same as the previous tables

population of FRIENDLY OCT trial. Moreover, the com-
parison of the 3 month follow-up OCT findings in patients
with ACS among the present study and several previously
reported studies was shown in the Supplementary Table 1
[15-17]. The percentage of covered struts and malapposed
struts in UPF-SES were comparable as compared to those of
other recent DESs [15-17]. Of course, our sample size were
very small and the patient population in the current study
was completely different compared to the other studies men-
tioned above. Therefore, these observations need cautious
interpretation but may indicate the efficacy of UPF-SES in
patients with ACS.

Unique characteristics of UPF-SES

UPF-SES has two unique characteristics, ultra-thin strut and
non-polymer coating, and we believe these two characteris-
tics relate to early vascular healing after the stent implanta-
tion in patients with ACS. In the bare metal stent era, the
ISAR-STEREDO trial and ISAR-STEREO-2 trial revealed
that ultra-thin struts are associated with more favorable
healing than that of thick struts due to less vessel injury
and inflammation [18, 19]. Another article has shown that
low endothelial shear stress downstream of the thick strut
promotes stent thrombogenicity and retards re-endothelial-
ization [20]. Therefore, ultra-thin strut can promote earlier
re-endothelialization than thicker strut. Furthermore, UPF-
SES consists of a dual drug coating of probucol and siroli-
mus. The drugs were completely released about 3 months
after the stent implantation due to this dual drug technology.
This release kinetics was as same as other recent DESs. In a
previous study, thick-strut polymer-free biolimus A9-coated
stent (BioFreedom, Biosensors, Morges, Switzerland) failed
to show the noninferiority for 1 year clinical outcomes as
compared to ultra-thin strut bioabsorbable polymer coat-
ing SES (Orsiro; Biotronik, Biilach, Switzerland) [21].
The article discussed that fast drug release (1 month) and
thick strut may have contributed to the higher event rate
observed in the BioFreedom stent [21]. UPF-SES overcomes
the two problems. On the other hand, durable polymer can
cause a chronic inflammatory reaction and lead to impair
re-endothelialization [22]. To overcome this problem, BP
coatings have been developed and added to new generation
DESs. Actually, our previous OCT study have demonstrated

that BP coating have an earlier vascular healing than durable
polymer (DP) coating in patients with non-ACS and ACS
[13]. As a hypothesis, polymer-free stents can be free from
polymer-related inflammation just after stent implantation
and may promote earlier re-endothelialization than bioab-
sorbable polymer DESs. In summary, both ultra-thin strut
and non-polymer coating can achieve early vascular healing.

Vascular healing in patients with STEMI

The current study included a high proportion of STEMI
patients (61%). STEMI is one of the risk factors of delayed
healing. A previous report demonstrated that thrombus was
dissolved due to antiplatelet therapy after stent implanta-
tion in ACS which may induced stent malapposition [23].
In fact, our data showed that the percentage of malapposed
struts was statistically higher in STEMI than in NSTEMI/
UA, though the absolute difference was low. The higher inci-
dence of red or white thrombus at the initial procedures in
STEMI than in NSTEMI/UA might contribute to the result
above mentioned. On the other hand, the percentage of cov-
ered struts was excellent in patients with STEMI. A previous
OCT study demonstrated that BP-everolimus eluting stent
(EES) was associated with better vascular healing than DP-
EES at 4 months in patients with STEMI [24]. Accordingly,
polymer was one of the important factors in terms of vascu-
lar healing in patients with STEMI. Therefore, we hypoth-
esize that non-polymer coating in addition to ultra-thin struts
might play one of the key roles in vascular healing specifi-
cally in the setting of STEMI.

OCT-guided PCl for ACS

Our OCT data showed the excellent stent coverage at
3 month follow-up. We believe that relatively low late of
acute stent malapposition after the initial procedure due to
OCT-guided PCI have contributed to the results. In fact, a
recent OCT analysis demonstrated that acute stent apposi-
tion was associated with chronic stent coverage [25]. It is
speculated that ACS are associated with high rate of acute
incomplete stent apposition [26]. OCT imaging delivers a
higher resolution than IVUS and can precisely detect stent
apposition [9]. In TRANSFORM OCT trial, in which 70%
patients were ACS and no recommendation for OCT-guided
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PCI was observed, acute stent malapposition was 4-5%
detected by OCT [27]. In our previous retrospective OCT
analysis, in which 30% patients were ACS and OCT-guided
PCI with lumen-based approach was recommended, acute
stent malapposition was about 3.5% [13]. In the present
study, in which OCT-guided PCI with EEL-based approach
was recommended, acute stent malapposition was 2.3%.
ILUMIEN III trial showed the lower percentage of malap-
position in OCT-guided PCI with EEL-based approach than
in angiography-guided PCI [8]. The sub-analysis of the
trial also revealed that EEL-based approach led to selec-
tion of larger stent diameter than lumen-based approach
[28]. Moreover, the sub-analysis of MECHANISM study
revealed that EEL-based approach was safe and feasible as
compared to lumen-based approach in stable coronary artery
disease [29]. However, there is still room for improvement
in our OCT-guided PCI. In the current study, the number of
post dilatation was relatively small (52%) and acute malap-
position > 400 um was observed in 29% though we recom-
mended post dilatation when malapposition >400 pm was
observed. We believe that OCT-guided PCI can improve
acute and early stent results in patients with ACS.

Clinical implications

ACS is a cornerstone of PCI even with the development of
DESs. A high rate of target lesion failure including stent
thrombosis occurs in ACS patients and stent thrombosis is
occasionally relates to high mortality rate [30]. Previous
OCT study has shown that the presence of uncovered and
malapposed struts are the major causes of stent thrombosis
[31]. Therefore, an alternative stent design, in which early
and good strut coverage is observed, is necessary for ACS.
Previous meta-analysis demonstrated ultra-thin strut DES as
thin as UPF-SES were associated with qualitatively lower
rates of stent thrombosis as compared to 2nd generation
DES [32]. Therefore, we think UPF-SES may be one of the
options for patients with ACS and we hope UPF-SES reduce
target lesion failure including stent thrombosis. To the best
of our knowledge, the present study was the first to show the
excellent early vascular healing of UPF-SES in patients with
ACS, and we believe our result suggest the need for a prop-
erly powered randomized comparison of vascular healing
and clinical outcomes between UPF-SES and recent DESs
in patients with ACS.

Limitations

The major limitations of the present study were single-arm
non-control design and very small sample size. Second,
we selected ACS patients who performed OCT examina-
tion at the initial procedure and agreed to perform 3 month
follow-up OCT examination. OCT is generally unfavorable

@ Springer

for patients with unstable hemodynamics, impaired renal
function, and ostial lesion as compared to IVUS. Therefore,
it has a risk of selection bias. Third, we did not show any
further clinical benefit of UPF-SES over other recent DESs
in the present study.

Conclusions

The results of the USUI-ACS study demonstrated that ultra-
thin strut polymer-free sirolimus eluting stents had excellent

vascular healing at the 3 month follow-up in patients with
ACS.
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