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Abstract

Drug-coated balloon angioplasty (DCBA) has been recognized for its utility in preventing in-stent re-restenosis (ISR);
however, imaging of the neointima immediately after treatment and during follow-up has only been described in a few case
reports. This study aimed to determine the efficacy and mechanism of the DCBA using imaging studies both immediately after
the DCBA and during the follow-up period. We enrolled 15 consecutive patients who underwent DCBA for in-stent restenosis
(ISR). The in-stent neointimal volume was evaluated using optical coherence tomography (OCT), and the in-stent yellow
grade was assessed using coronary angioscopy (CAS) immediately after DCBA and during the median follow-up period of
9 (8-15) months. The neointimal volume was significantly reduced from 77.1 +36.2 mm? at baseline to 60.2 +23.9 mm®
immediately after DCBA (p=0.0012 vs. baseline) and to 46.7 +21.9 mm? during the follow-up (p =0.0002 vs. post DCBA).
The yellow grade of the residual plaques at the ISR lesion, which indicated plaque vulnerability, was significantly decreased
in the follow-up CAG (from baseline: 1.79 +1.03, during the follow-up: 0.76 +0.82; p <0.0001). These data suggest that
DCBA may inhibit neointimal formation and provide angioscopic intimal stabilization for ISR lesions.
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Introduction

Percutaneous coronary intervention (PCI) with drug-eluting
stent (DES) implantation is widely accepted as the stand-
ard revascularization treatment for severe coronary steno-
sis. The implantation of DESs reduces the incidence of in-
stent restenosis (ISR), which is a major adverse effect of
bare-metal stent implantation. However, ISR still occurs in
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approximately in 5-10% of patients after DES implantation
[1]. Drug-coated balloon (DCB) angioplasty (DCBA) has
been used in recent years to overcome the ISR after DES
implantation and is recommended as a Class 1a therapeutic
option in the current guidelines [2]. The system comprised
of semi-compliant angioplasty balloons coated with an anti-
proliferative drug (paclitaxel) that is rapidly released upon
contact with the vessel wall. Some advantages of DCBs
include that they are stent platform- and polymer-free
devices, they provide uniform drug delivery to the in-stent
neointimal tissue, and the treatment can be provided repeat-
edly. The utility of DCBA for ISR has been demonstrated
[3-6], but there are only a few reports of imaging studies of
the neointima immediately after the treatment and during
the follow-up [7, 8].

The aim of this study was to evaluate the changes in
the tissue characteristics of the coronary ISR lesions that
had been treated by DCBA with optical coherence tomog-
raphy (OCT) and coronary angioscopy (CAS). The stent,
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lumen, and neointimal volumes, were evaluated, as well as
the neointimal characteristics (neointimal grade and yellow
grade), immediately after DCBA and at the time of the coro-
nary angiography (CAG) follow-up.

Materials and methods
Study population

This study was a retrospective observational study and was
carried out by the opt-out method on our hospital website.
We enrolled 15 consecutive patients who underwent DCBA
for ISR from January 2014 to April 2017. Patients after acute
coronary syndrome (ACS), coronary artery bypass grafting
(CABQG), or with incomplete imaging studies (in terms of the
imaging quality or timing) were excluded. Inclusion criteria
were patients who underwent OCT and CAS of the ISR site
at baseline and during the follow-up. ISR was defined as a
stenosis diameter of > 75% (American Heart Association
classification) in the vessel segment, and a Mehran classifi-
cation of class 1 or 2 was assumed [9].

Drug-coated balloon angioplasty procedure

All patients were pretreated with aspirin (100 mg daily)
and clopidogrel (75 mg daily, n=38) or prasugrel (3.75 mg
daily, n="7). All procedures were performed according to the
standard clinical guidelines. After a diagnosis of stent reste-
nosis by a CAG assessment, the coronary artery was initially
imaged with OCT, and the vessel was pre-dilated with a non-
compliant balloon, semi-compliant balloon, or scoring bal-
loon. In all cases of stent restenotic lesions, DCBA (SeQuent
Please® B.Braun, Melsungen AG, Vascular Systems, Berlin,
Germany) was performed. The balloon diameter, length,
inflation time, and inflation pressure were decided at the
physician’s discretion. The balloon size was the same as or
larger than the previous stent for full coverage of the stent
site, and the balloon was inflated to 7—11 atm, which was
maintained for 30 s or more. Immediately following balloon
dilatation, an additional 1.5 mg of intracoronary isosorbide
dinitrate was administered and OCT was carried out.

Optical coherence tomography

The ILUMIEN™ OPTIS™ PCI optimization System (St.
Jude Medical, St. Paul, MN, USA) was used in the present
study. Following the Z-offset calibration, the OCT image
catheter was advanced distally to the coronary culprit lesion
or stented segment over a 0.014 inch conventional angio-
plasty guidewire [10]. After catheter placement, 10% low
molecular weight dextran preheated to 37 °C (Otsuka Phar-
maceutical CO., Ltd., Tokyo, Japan) was flushed through the
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6 or 7Fr guiding catheter at a rate of 4-6 mL/s for approxi-
mately 3—6 s by manual injection. The entire target vessel
was imaged with an auto-pullback during the blood removal.
The OCT images were stored digitally for subsequent analy-
sis. All OCT images were analyzed by an experienced inves-
tigator who was blinded to the clinical information, PCI pro-
cedure characteristics, and angiographic findings. An image
analysis was performed using a dedicated off-line review
system with semi-automated contour detection software (St.
Jude Medical, MN, USA). This was performed prior to the
predilatation of the DCB, immediately after the DCBA, and
at the follow-up.

Coronary angioscopy

Coronary angioscopy was performed using the VISIBLE
Fiber Imaging System FT-203F (FiberTech Co.Ltd., Tokyo,
Japan) immediately after DCBA and during the follow-up.
The outer section of a 4F probing catheter (Medikit, Tokyo,
Japan) was used as a guide for the insertion of the optical
fiber into the coronary artery. While the angioscopic obser-
vations were carried out, blood was removed from the view
by an injection of 10% dextran through the probing catheter
as previously reported [11, 12]. The angioscopy images were
recorded on a digital recorder.

Angiographic assessment

Coronary angiography was performed in all patients at
baseline during the 8—15 months follow-up. Coronary
angiograms were obtained in multiple views and standard
quantitative coronary angiography (CMS, MEDIS, Nuenen,
The Netherlands) was used to measure the percent diameter
stenosis and binary restenosis at the stented segment.

Optical coherence tomography

All cross-sectional images within the stent segment were
initially screened for a quality assessment. Frames with an
inadequate definition were excluded from the analysis. A
qualitative OCT analysis was performed at 1-mm intervals to
detect any intra-stent thrombus and neoatherosclerosis. The
neointimal coverage was assessed on each individual strut
and, where observed, the thickness from the lumen border
to the center of the strut blooming was measured. The lumen
and stent areas were traced automatically, and the neointimal
area was then calculated (Fig. 1). These measurements were
performed every 1 mm from the distal edge to the proximal
edge of the stent. The neointimal area was defined as the
stent area minus the lumen area, according to a previous
report [13]. The neointimal volume was calculated using
the following equation: Neointimal volume =X Neointi-
mal area X stent length. The stent, lumen, and neointimal
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Fig. 1 Representative intravascular optical coherence tomogra-
phy signal patterns and coronary angiography. The panels show the
recordings (left to right): at baseline, postdilatation, post drug-coated
balloon angioplasty (DCBA), and during the follow-up. The stent
strut and lumen border (indicated by white outlines) were automati-
cally detected. The neointimal area (*) was measured every 1 mm
from the distal to the proximal stent distal edge. The neointimal
volume=the number of slicesxneointimal area. a Optical coher-

volumes were compared between the baseline, post DCBA,
and follow-up measurements.

For a qualitative analysis, the OCT signal patterns of the
neointimal tissue were categorized into three patterns based
on Gonzalo’s classification [13]: homogeneous, layered, and
heterogeneous patterns as shown in Fig. 2. An assessment
of the tissue characteristics was carried out at the in-stent
maximal lumen narrowing site, which was determined by the
agreement of two observers who were blinded to the clinical
and procedural characteristics [14].

Angioscopy

The neointimal grade on the stent struts and the yellow
grade of plaque were assessed by a classification into
four grades as previously described (Fig. 3) [15]. In
brief, grade 0 described stent struts that were completely
exposed (similar to immediately after implantation);

ence tomography (OCT) images of coronary in-stent restenosis with
DCBA. At baseline, a heterogeneous neointima was observed. The
lumen area was seen to have increased after the dilatation with the
plain balloon. After DCBA, a paclitaxel coating (high-intensity spotty
coverage) was noted. b Coronary angiography showed in-stent reste-
nosis (ISR) in the proximal left anterior descending artery at baseline.
Follow-up coronary angiography revealed the absence of ISR after
DCBA

grade 1, stent struts that were visible with dull light
reflection; grade 2, no light reflection from the stent
struts with slightly visible struts; and grade 3, stent struts
that were completely covered, and not visible through
the neointima (Fig. 3a). The yellow grade under the stent
was classified as either: grade 0, white; grade 1, light yel-
low; grade 2, yellow; or grade 3, bright yellow (Fig. 3b)
[16]. We evaluated the yellow grade and the neointimal
grade at the proximal, mid, and distal sites of each stent.
The maximum yellow grade and the minimum neointimal
grade were evaluated immediately after the DCBA and
during the follow-up. The angioscopic evaluations were
made by two independent specialists in coronary interven-
tion and angioscopy who were blinded to the patients’
clinical status. In the case of disagreement, the plaque
color was reevaluated. If the reevaluations remained dis-
cordant, the disagreement was resolved through discus-
sion until a consensus was reached.
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Fig.2 Representative optical coherence tomography signal patterns
of the neointimal tissue. The OCT signal patterns of the neointimal
tissue. a A homogeneous pattern of the neointimal tissue was defined
by uniform optical properties without a focal variation in the back-
scattering pattern. b A heterogeneous pattern was defined by focally

changing neointimal optical properties and various backscattering
patterns. ¢ A layered pattern was defined by the presence of concen-
tric layers with different optical properties: an abluminal high-scat-
tered layer and the abluminal low-scattered layer. *Guide-wire artifact

Fig.3 Representative images from angioscopic assessments. a Repre-
sentative images used for the classification of neointimal tissue. The
panels show (left to right): Grade 0, complete exposure of the stent
struts; grade 1, dull light reflection from the stent struts; grade 2, no
light reflects but the stent struts are slightly visible; and grade 3, com-

Statistical analysis

Data are expressed as the means + standard deviation or
number (%). The mean values between the two groups
were tested using the Student’s ¢ test. Comparison in the
mean values or categorical variables at different time peri-
ods were analyzed by the paired 7 test or Chi-square test.
We considered p < 0.05 to be statistically significant. All
data were analyzed using IBM® SPSS® Statistics Desk-
top software (version 24.0, for Linux X 86—-64, Mac OS X,
Microsoft Windows, Ubuntu).
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plete coverage. b Representative images of the yellow grade under the
strut, classified into each grade. The panels show (left to right): Grade
0, white; gradel, light yellow; grade 2, normal yellow; and grade 3,
bright yellow

Results
Patient population

The patients and lesion characteristics at baseline are
shown in Table 1. The mean age of the patients was
66.7+11.5 years old, and the median term to follow-up was
9 (8-15) months. Regarding the previous stent sites, 6 (40%)
patients were in the right coronary artery (RCA), 4 (27%)
patients in the left anterior descending artery (LAD), and
5 (33%) patients in the left circumflex artery (LCX). The
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Table 1 Baseline characteristics

Table 1 (continued)

Total patients n=15

Total patients n=15

Age, median_(years)

Sex_(male:female)

Follow-up CAG intervals_median (months)

Stented vessels
LMT
LAD
LCX
RCA
Stent (BMS: DES)
Medication
DAPT
ACEI/ARB
Bblockers
Statins
Hypertension
Diabetes
Hemoglobin Alc_(NGSP) (%)
Dyslipidemia
LDL-C_(mg/dL)
HDL-C_(mg/dL)
TC_(mg/dL)
TG_(mg/dL)
Hemoglobin_(g/dL)
Baseline LV-EF_(%)
eGFR_(mL/min/1.73mm?)
Hemodialysis
Angiographic data of ISR
Pre DCBA MLD_(mm)
Pre DCBA RD_(mm)
Pre area stenosis_(%)
Lesion length_(mm)
Primary lesion type B2/C
Side branch involvement
Post DCBA MLD_(mm)
Post area stenosis_(%)
Follow-up MLD_(mm)
Follow-up area stenosis_(%)
Acute gain_(mm)
Late loss_(mm)
Loss index

Recurrent-restenosis n=15

Median intervals from the stent implantation to
the PCI for ISR with DCBs_(months)

Previous stent
Diameter_(mm)
Length_(mm)

Predilatation balloon
Semi-compliant balloon
Non-compliant balloon

Scoring balloon

66.7+11.5
11:4
9 (8-15)

0_(0)
4_(27)
5_(33)
6_(40)
6:9

15_(100)
8_(53)
8_(53)
13_(86)
14_(93)
11_(92)
7.0+0.9
15_(100)
91.2+30.4
474463
166.0+31.2
145.0+73.6
124419
63.9+15.5
54.8421.5
2_(13)

0.7+0.5
25+0.6
90.7+7.9
9.1+34
3_(20)
3_(20)
2.1+0.5
27.4+13.6
23+0.5
26.1+17.4
1.4+0.7
-02+0.3
-05+1.1
0_(0)

13 (8-27)

3.1+04
22.4+7.1

2_(13)
3_(20)
10_(67)

Diameter_(mm) 3.1+04

Length_(mm) 13.0+1.4
DCBA procedure success 15_(100)
DCB

Diameter_(mm) 3.1+£0.3

Length_(mm) 22.0+6.1

Maximal inflation pressure_(atm) 82+1.5

Inflation time_(sec) 60.0+134

Categorical data are presented as n_(%), continuous data are pre-
sented as mean + standard deviation

CAG coronary angiography, LMT left main trunk, LAD left anterior
descending artery, LCX left circumflex artery, RCA right coronary
artery, BMS bare metal stent, DES drug-eluting stent, DAPT double
antiplatelet therapy, ACEI angiotensin-converting enzyme inhibitor,
ARB angiotensin-receptor blocker, NGSP national glycohemoglobin
standardization program, LDL-C low-density lipoprotein-cholesterol,
HDL-C high-density lipoprotein-cholesterol, TC total cholesterol,
TG triglycerides, LV-EF left ventricular-ejection fraction, eGFR esti-
mated-glomerular filtration rate, ISR in-stent restenosis, MLD mini-
mum lumen diameter, RD reference diameter, DCBA drug-coated bal-
loon angioplasty

details of the stent type were 6 bare metal stents (BMSs)
(2 with a Liberte®, 2 with a Multi-Link Penta®, 1 with a
Duraflex™ and 1 with an Integrity™) and 9 DESs (4 with
a PROMUS Element™, 3 with a PROMUS Premier™,
and 2 with a TAXUS Element®). The mean stent diameter
was 3.1 +0.4 mm and stent length was 22.4 +7.1 mm. The
median duration from the stent implantation to PCI for ISR
with DCBs was 13 (8—27) months.

Percutaneous coronary intervention procedure
for in-stent restenosis

Predilatation was performed to scoring balloons in 10 (67%)
patients, semi-compliant balloons in 2 (13%) patients, and
non-compliant balloons in 3 (20%) patients. The mean
balloon diameter and length for the predilatation were
3.1+0.4 mm and 13.0 + 1.4 mm, respectively. In all cases,
DCBA was performed successfully. For DCBA, a length of
the DCB was chosen that would overlap with the lesion by
at least 2 mm at the proximal and distal margins. The mean
balloon diameter and length for DCBA were 3.1+ 0.3 mm
and 22.0+ 6.1 mm, respectively. The maximum dilated
pressure was 8.2+ 1.5 atm and the inflation duration was
60.0 + 13.4 s. Each volume was examined in each case for
scoring and non-scoring balloons (semi-compliant and non-
compliant balloons) (10 and 5, respectively) (Table 2). For
each neointimal volume at baseline, post DCBA, and during
the follow-up, there was no significant difference between
the scoring and non-scoring balloons: 76.4 +34.8 mm?
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Table 2 Evaluation of

- ; Measurement Pre-DCBA Apre/post-  Post-DCBA APost/follow-  Follow-up
predilatation before and .after DCBA(%) up-DCBA(%)
drug-coated balloon angioplasty
Stent volume
Scoring balloon 148.6 +65.4 16.2 169.6 +70.4 -52 162.2+73.6
Non-scoring balloon  200.6 +105.7 6.5 216.9+122.6 24 212.9+105.1
p value 0.4 0.21 0.5 0.21 0.42
Lumen volume
Scoring balloon 71.9+36.7 62.0 108.8 £51.5 7.6 115.6+53.1
Non-scoring balloon ~ 122.7+72.8 259 157.8+100.9 11.3 165.9+93.8
p value 0.24 0.14 0.4 0.69 0.36
Neointimal volume
Scoring balloon 76.4+34.8 -189 60.7+£23.7 -253 46.6+23.2
Non-scoring balloon  77.9+38.6 -20.5 59.1+24.5 —18.3 46.8+19.1
p value 0.96 0.83 0.91 0.49 0.99

DCBA drug-coated balloon angioplasty

vs. 77.9+38.6 mm?®, p=0.96; 60.7+23.7 mm> vs.
59.1+24.5 mm’, p=0.91; and 46.6 +23.2 mm® vs.
46.8+19.1 mm?, p=0.99. For each the lumen volume at
baseline, post DCBA, and during the follow-up, there was no
significant difference between the scoring and non-scoring
balloons: 71.9+36.7 mm? vs. 122.7 +72.8 mm°, p=0.24;
108.8 +51.5 mm? vs. 157.8+100.9 mm?®, p=0.4; and
115.6+53.1 mm? vs. 165.9+93.8 mm?, p=0.36. Further,
for each stent volume at baseline, post DCBA, and during
the follow-up, there was no significant difference between
the scoring and non-scoring balloons: 148.6 +65.4 mm?®
vs. 200.6 + 105.7 mm>, p=0.4; 169.6 +70.4 mm°’ vs.
216.9+122.6 mm?®, p=0.5; and 162.2 +73.6 mm? vs.
212.9+105.1 mm?, p=0.42. For the rate of change of each
volume no significant difference was identified between the
scoring and non-scoring balloons; neointimal volume; A
pre/post-DCBA (%): —18.9% vs. —20.5%, p=0.83; and A
post/follow-up (%): —25.3% vs. —18.3%, p=0.49; lumen
volume, A pre/post-DCBA (%): 62.0% vs. 25.9%, p=0.14;
A post/follow-up (%): 7.6% vs. 11.3%, p=0.69; stent vol-
ume, A pre/post-DCBA (%): 16.2% vs. 6.5%, p=0.21; A
post/follow-up (%): —5.2% vs. 2.4%, p=0.21.

Angiographic assessment

The reference diameter at baseline was 2.5 +0.6 mm, and
the lesion length was 9.1 +3.4 mm (Tablel). The minimum
lumen diameter (MLD) was significantly increased from
0.7+0.5 mm at baseline to 2.1 +0.5 mm immediately after
DCBA (p <0.0001 vs. baseline), and to 2.3 + 0.5 mm dur-
ing the follow-up (p =0.04 vs. immediately after DCBA).
The area stenosis was significantly decreased immediately
after DCBA as compared to that at baseline (90.7 +7.9%
at baseline vs. 27.4+13.6%, p<0.0001). The area stenosis
during the follow-up was numerically (but not significantly)
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decreased (27.4 +13.6% immediately after DCBA vs.
26.1+17.4%, p=0.83). The acute gain was 1.4+0.7 mm,
the late loss was — 0.2+ 0.3 mm, and the loss index was
—0.5+1.1. No cases had recurrent restenosis, target lesion
revascularization (TLR), or composite major adverse cardiac
events (MACE) during the median follow-up period of 9
(8—15) months.

Optical coherence tomography findings

Evaluation of the stent, lumen, and the neointimal vol-
umes revealed that the neointimal volume was significantly
reduced immediately after DCBA as compared to that at
baseline (77.1 +36.2 mm? at baseline vs. 60.2 +23.9 mm?>,
p=0.0012), and the neointimal volume during the fol-
low-up was also significantly reduced compared to that
immediately after DCBA (60.2 +23.9 mm® post DCBA
vs. 46.7 +21.9 mm?, p=0.0002) (Fig. 4a). The stent vol-
ume was significantly increased from 165.9 +84.7 mm?
at baseline to 185.3 +93.9 mm? immediately after DCBA
(»=0.0004), and this increase was maintained during the
follow-up (179.1 +88.7 mm>; p=0.197 vs. post DCBA)
(Fig. 4b). The lumen volume was significantly increased
immediately after DCBA as compared to that at baseline
(88.8+56.9 mm’ vs. 125.2+75.4 mm’, p=0.0001), and was
also significantly increased during the follow-up as com-
pared to that immediately after DCBA (125.1 +75.4 mm?
vs. 132.4+73.4 mm?, p=0.03) (Fig. 4c).

In terms of the tissue properties, the heterogeneous prop-
erties changed to homogeneous properties during the follow-
up in two cases. However, the distribution of the neointimal
properties did not significantly differ between the base-
line and follow-up CAG values (Table 3) (p =0.64). The
neointimal volume reduction during the follow-up exhib-
ited a similar trend regardless of the neointimal properties
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Fig.4 Results of optical coherence tomography measurements. a The
bar graph of the mean neointimal volumes at baseline, post drug-coated
balloon angioplasty (DCBA), and during the follow-up. A significant
decrease in the volume was observed post DCBA compared with base-
line. The neointimal volume was also significantly decreased during the
follow-up compared with post DCBA. b The stent volumes were signifi-
cantly increased post DCBA compared to baseline, and this increase was
maintained during the follow-up. ¢ The lumen volumes were significantly
increased post DCBA compared to baseline, and were also significantly
increased during the follow-up compared to post DCBA

Table 3 Findings of optical coherence tomography

Neointimal tissue proper-  Baseline (1)

ties

Follow-up (n)

Homogeneous 8 10
Heterogeneous
Layered 3 3

Chi-square test

Degrees of freedom, 2; Chi-square value, 0.89; p value, 0.64

(Fig. 5a—c). In addition, the neoatherosclerosis was detected
in four cases (PROMUS Element™, PROMUS Premier™,
TAXUS Element®, and Multi-Link Penta® for each).

Coronary angioscopy findings

There was no significant difference in the neointimal grade
between that immediately after DCBA and that during the
follow-up (grade 1.69+0.87 vs. grade 1.6+0.88; p=0.08)
(Fig. 6a), and there was no major change in the distribution
(degrees of freedom, 3; Chi-square value, 0.86; p=0.83).
(Fig. 6b) However, the yellow grade, which represented
plaque vulnerability, was significantly decreased during
the follow-up (grade 1.79+1.03 vs. grade 0.76 +0.82;
p<0.0001). (Fig. 6¢) In terms of distribution, there was
a significant difference between the distribution observed
immediately after DCBA and that during the follow-up
(degrees of freedom, 3; Chi-square value, 21.77; p <0.0001).
During the follow-up, the prevalence of grade 0 was
increased more than that was predicted (adjusted residual,
3.02), and that of grade 3 was decreased less than that was
predicted (adjusted residual; —2.89) (Fig. 6d).

Discussion

This study presents our evaluation of the changes in the in-
stent neointima after DCBA by the OCT and CAS analysis.
To the best of our knowledge, this study was the first report
of the use of multiple modalities to assess the mechanism of
DCBA for the prevention of restenosis at the site of the ISR
in cases during clinical practice.

Mechanism of the efficacy after drug-coated balloon
angioplasty

The usefulness of DCBA has been shown previously in
the PACCOCATH ISR [, II, PEPCAD II, and PEPCAD
DES trials [17-19]. In the PACCOCATH ISR I, II trial,
the advantage of DCBA was shown in comparison to plain
old balloon angioplasty (POBA) in terms of the late loss,
the binary stenosis rate, and the MACE for BMS-ISR. In
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Fig.5 Results of the analysis of
the tissue properties by optical

a
coherence tomography. The bar
graphs show the mean stent, mm3 Stent volume
lumen, and neointimal volumes 250
at baseline, post drug-coated
balloon angioplasty (DCBA), 200

and during the follow-up a
homogeneous samples, b
heterogeneous samples, and ¢
layered samples. In each case,
the neointimal volume was
reduced during the follow-up
compared to that at baseline and
post DCBA

Homogeneous pattern

Neointimal volume

Lumen volume

Baseline PostDCBA Follow-up Baseline PostDCBA Follow-up Baseline PostDCBA Follow-up

Stent volume
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mm3 Stent volume
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350
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Lumen volume Neointimal volume

Baseline PostDCBA Follow-up Baseline PostDCBA Follow-up Baseline PostDCBA Follow-up

the PEPCAD I trial, the DCBA group was significantly
superior in terms of in-segment late loss compared with
DESs (paclitaxel-eluting). The PEPCAD DES trial showed
that late loss, TLR, and MACE were significantly lower
6 months after DCBA than that following POBA for BMS-
ISR. The present study revealed that the lumen and neoin-
timal volumes changed significantly from the pre-DCBA
volumes to those observed during the follow-up. In addi-
tion, the yellow grade of plaques was decreased during the
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follow-up, and the neointima appeared to have stabilized.
Initially, the mechanical pressure exerted by the DCB led
to a reduced neointimal volume. Later, paclitaxel, which
binds to the microtube and controls the cell division by
obstructing depolymerization [20-22], induced smooth
muscle apoptosis and reduced the neointimal volume. In
addition, the DCB is polymer-free and stent-free, which
may suppress chronic inflammation, and the occurrence of
neoatherosclerosis. As a result, paclitaxel may contribute
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Fig.6 Results of angioscopy assessments. a Graph showing the
neointimal grade post drug-coated balloon angioplasty (DCBA) and
during the follow-up. There was no significant change in the neoin-
timal coverage between the two assessments. b Bar graph showing
the distribution of the neointimal grade between post DCBA and
during the follow-up. There was no significant change in the distri-
bution (Chi-square test: degrees of freedom, 3; Chi-square value,
0.86; p=0.83). ¢ Graph of the results of the assessment of the yellow
grade post DCBA and during the follow-up. The severity of the yel-

to the effects on the neointimal volume and the reduction
in the yellow grade.

Tissue composition of in-stent restenosis by optical
coherence tomography

Restenotic lesions were visualized after DES implantations
using OCT and described according to their patterns of
backscatter (which indicated the morphological character-
istics) as homogeneous, heterogeneous or layered overly-
ing the stent struts. The morphologic characteristics of the
neointimal influence the onset of the recurrence of ISR after
the DCBA [23]. Tada et al. compared the characteristics of
ISR tissue, evaluated using OCT, between the DCBA and
POBA treatments for ISR. The recurrence rates of ISR and
TLR lesions with homogeneous patterns were significantly
lower following the DCBA than after the POBA. On the
other hand, the recurrence rates of ISR and TLR of lesions
with heterogeneous patterns did not significantly differ
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20

15

10

—
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1
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low grade decreased significantly during the follow-up. d Bar graph
showing the distribution of the yellow grade ratings post DCBA and
during the follow-up. There were significant differences between the
two assessments. During the follow-up, a grade 0 was observed more
frequently than predicted, and a grade 3 less frequently than predicted
(Chi-square test: degrees of freedom, 3; Chi-square value, 21.77;
p<0.0001. Adjusted residual; grade 0: 3.02, grade 1: 0.85, grade 3:
—1.89, grade 4: —2.89)

between the two procedures [23]. That suggested that the
heterogeneous pattern of ISR represented a vulnerable state,
and indicated the risk of the recurrence ISR and TLR.

In the present study, OCT revealed that the prevalence of
homogeneous patterns increased, while heterogeneous pat-
terns decreased during the follow-up. This suggested the
possibility of tissue stabilization during the chronic phase
after DCBA, and also indicated that DCB may be an appro-
priate choice of treatment for ISR that involves heterogene-
ous properties. However, due to the small number of cases
in this study, further investigations are required involving
larger numbers of cases and evaluating the effectiveness of
DCBA for each neointimal property.

The evaluation using coronary angioscopy
Coronary angioscopy is an intravascular imaging technique

for the visual assessment of the plaque color. There have
been numerous reports that have evaluated the vascular
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response after stent implantations using CAS [24-27], and
the usefulness of the technique for evaluating the neointimal
characteristics and plaque characteristics has been proven.
Previously, we published a case report evaluating the neoin-
timal formation and plaque characteristics using CAS both
immediately after DCBA and during the follow-up [7]. This
case study found that neointimal healing—defined as regres-
sion (reduction in the neointimal volume on OCT) and sta-
bilization (lower yellow grade on CAS) during the follow-
up—occurred after DCBA because of the pharmacological
effect of paclitaxel. These results guided the present study.

Evaluation of the predilatation before drug-coated
balloon angioplasty

Drug-coated balloons are used following predilatation with
scoring or non-scoring balloons (non-compliant and semi-
compliant balloons). It has been reported that patients who
are treated using scoring balloons exhibit a reduced intimal
proliferation compared with treatment with non-scoring bal-
loons [28]. Furthermore, significant reductions in the intima
formation during the follow-up have been reported with the
use of scoring balloons compared with non-scoring balloons
[29]. We examined each volume in each case of scoring and
non-scoring balloons (10 and 5, respectively) (Table 2), and
did not identify a significant difference in the rate of change
of each volume with regards to the type of balloon. Because
this study was not randomized, we cannot draw firm conclu-
sions; however, these results suggested that intima forma-
tion might be suppressed by both scoring and non-scoring
balloons.

Clinical implication

The results of our study provided suggestive evidence that
DCBA could reduce the neointimal volume and result in the
lower yellow grade of plaques during the follow-up com-
pared with that at baseline. These results strongly support
the choice of DCBA as a first-line treatment of ISR.

Limitations

This study had some limitations that should be acknowl-
edged. First, the retrospective design and small population
meant that we could not unify the type of balloons. Second,
we used only the SeQuent Please® in this study, and there-
fore, it might not be possible to generalize the results to
other DCBs. Third, we found a discrepant result in the area
stenosis remained significantly unchanged during the follow-
up period despite a slightly greater increase in the OCT-
derived lumen volume during the follow-up period than that
after the DCBA. The area of stenosis was measured with
a 2-dimensional assessment, but the OCT-derived lumen
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volume was measured with a 3-dimensional assessment, so
we could not directly compare those measurements directly.
The lumen volume increased significantly during the follow-
up, and thus, the extent of the stenosis might have improved
3-dimensionally, but it was not reflected by 2-dimensional
stenosis area.

Conclusion

The data presented here suggested that DCBA inhibits the
proliferation of the neointima and provides angioscopic inti-
mal stabilization for ISR lesions.
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