ORIGINAL ARTICLE

Korean J Intern Med 2019;34:819-829
https://doi.org/10.3904/kjim.2017.378

KJIIM"
Intravascular imaging analysis of a drug-eluting
balloon followed by a bare metal stent compared to

a drug-eluting stent for treatment of de novo lesions

Wonsuk Choi’, In-Ho Chae’, Jin Joo Park, Sun-Hwa Kim, Si-Hyuck Kang, I1-Young Oh,
Chang-Hwan Yoon, Young-Seok Cho, Tae-Jin Youn, and Dong-Ju Choi

Cardiovascular Center, Seoul
National University Bundang
Hospital, Seongnam, Korea

Received: November 12, 2017
Revised :January 25, 2018
Accepted: February 22, 2018

Correspondence to
Chang-Hwan Yoon, M.D.
Cardiovascular Center, Seoul
National University Bundang
Hospital, 82 Gumi-ro 173beon-
gil, Bundang-gu, Seongnam
13620, Korea

Tel: +82-31-787-7052

Fax: +82-31-787-4052

E-mail: kunson2@snu.ac.kr

*These authors contributed
equally to this work.

Background/Aims: After a study comparing drug-eluting stents (DESs) to sequen-
tial treatment with drug-eluting balloons (DEBs) and bare metal stents (BMSs),
we retrospectively analysed strut malapposition and neointimal hyperplasia in de
novo coronary lesions using optical coherence tomography (OCT) or intravascular
ultrasonography (IVUS).

Methods: We obtained OCT data from 16 patients (eight per group) and IVUS
data from 4o patients (20 per group). OCT or IVUS was performed after the index
procedure and after 9 months. Parameters including obstruction volume due to
neointimal hyperplasia (neointimal hyperplasia volume/stent volume, %), strut
malapposition (% of malapposed struts), and intra-individual inhomogeneity of
in-stent restenosis were compared.

Results: Although obstruction volume due to neointimal hyperplasia was signifi-
cantly higher in the DEB-BMS group (14.90 + 15.36 vs. DES 7.03 + 11.39, p = 0.025),
there was no difference in strut malapposition between the two groups (DEB-BMS
1.99 +5.37 vs. DES 0.88 + 2.22, p = 0.856). The DEB-BMS group showed greater in-
tra-individual inhomogeneity of in-stent restenosis pattern than the DES group.
Conclusions: Treatment with DEB followed by BMS failed to improve strut
malapposition despite higher in-stent neointimal growth, probably because of
the inhomogeneous inhibition of in-stent neointimal hyperplasia by DEB. DEB
technology should be improved to obtain even drug delivery to the vessel wall
and homogeneous prevention of neointimal growth comparable to contemporary
DES.

Keywords: Drug-eluting balloon; Bare metal stent; Drug-eluting stents; Tomog-
raphy, optical coherence; Ultrasonography, interventional

INTRODUCTION

Since the advent of percutaneous coronary balloon an-
gioplasty, concerns regarding restenosis of the revascu-
larised vessel have been raised. Although introduction
of drug-eluting stents (DESs) has markedly reduced the
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rate of restenosis and the subsequent need for repeat
revascularisation due to neointimal hyperplasia [1-4],
late and very late thrombosis due to persistent exposure
of the stent strut on the vessel wall and subsequent
platelet activation at the peri-stent area have raised con-
cerns about the widespread use of DES [5]. There is a
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certain degree of strut malapposition in cases of DES
with long-term follow-up because constant platelet ac-
tivation on the exposed strut hinders neointimal prolif-
eration [6]. Meanwhile, bare metal stents (BMSs) are ac-
companied by a lower incidence of strut malapposition
than DES, as it allows moderate neointimal growth [7].

Furthermore, there are various situations when long-
term dual anti-platelet therapy (DAPT) is challenging,
as in cases at high risk for bleeding or surgery within 6
months. Considering the late complications of DES
and its compulsory administration of dual anti-platelet
drugs over extended periods of time, alternative treat-
ment options are needed.

Promising clinical data have been reported for stand-
alone use of the drug-eluting balloon (DEB), especially
in cases with bifurcation lesions and small vessel coro-
nary disease [8-10]. Furthermore, the improved clinical
outcomes of BMS with a revised stent design and re-
duced strut thickness have also been shown [11,12]. De-
spite these advances, clinical trials failed to prove the
non-inferiority of combined treatment with DEB and
the thinner BMS compared to DES [13,14].

Accordingly, we investigated whether the strategy of
DEB + BMS showed better strut coverage than DES and
why DEB + BMS demonstrated inferior outcomes to
DES. We retrospectively analysed optical coherence to-
mography (OCT) or intravascular ultrasonography
(IVUS) images after the index procedure and 9 months
after percutaneous coronary intervention using patients
from our previous study [14]. From this study, we in-
tended to identify the factors that influenced the inferi-
or outcomes of DEB + BMS.

METHODS

Study design

This was a retrospective, post hoc analysis of a ran-
domised, open-label trial to compare stent restenosis
between a paclitaxel-coated balloon (Sequent Please, B.
Braun, Melsungen, Germany) followed by BMS implan-
tation (Coroflex Blue, B. Braun) to placement of a zotar-
olimus-eluting stent (ZES) (Resolute Integrit, Medtron-
ic, Minneapolis, MN, USA) in de novo coronary lesions

[14].
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Patient population

The records of patients who had participated in our
previous study [14] were retrospectively reviewed. The
previous study included patients with stable angina or
non-ST elevation acute coronary syndrome due to sig-
nificant de novo coronary stenosis. If IVUS or OCT was
performed after the index procedure and at the 9-month
follow-up coronary angiography (CAG), the patient was
included in the analysis. There were go patients in each
treatment group. We obtained baseline and follow-up
OCT data of eight patients and IVUS data of 20 patients
from each group. We analysed various imaging parame-
ters including lesion length, reference vessel diameter,
minimal lumen diameter, and percent diameter steno-
sis from quantitative CAG. Neointimal thickness, lu-
men area, stent area, lumen area, lumen volume, vol-
ume of neointimal hyperplasia, and obstruction volume
due to neointimal hyperplasia volume from OCT or
IVUS data were also compared. From OCT data, the
percent of strut malapposition was analysed.

Endpoints

The primary endpoint of this study was the number of
malapposed struts as measured using OCT imaging at
the 9-month follow-up CAG. The secondary endpoints
included the obstruction volume due to neointimal hy-
perplasia (neointimal hyperplasia volume/stent volume,
%) at the 9-month follow-up CAG. The stent volume,
luminal volume, and neointimal hyperplasia volume
were measured with OCT or IVUS.

Intravascular ultrasound

IVUS images were acquired from 5 mm distal to 5 mm
proximal to the lesion. The guidewire was positioned
distal to the lesion, and an IVUS catheter (Eagle Eye®
Platinum, Philips, Amsterdam, the Netherland) was slid
over the guidewire. Then, the catheter was pulled back
automatically at a speed of 0.5 mm per second.

Optical coherence tomography

OCT imaging of the lesion was performed after the
procedure and at the 9-month follow-up using a fre-
quency-domain OCT system (Cy-XR OCT imaging sys-
tem, LightLab Imaging Inc., St. Jude Medical, St. Paul,
MN, USA). A continuous, nonocclusive contrast was
flushed through the guiding catheter at a rate of 4 to 5
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mL/sec for 3 to 4 seconds.

Intravascular imaging analysis

All OCT and IVUS images were analysed at our labora-
tory by an analyst who was blinded to patient and pro-
cedural information using an automated edge detection
system (CASS 5.7.1, Pie Medical Imaging Systems, Maas-
tricht, the Netherlands). Cross-sectional images were
analysed at 1-mm intervals. A strut in OCT images was
defined as an embedded strut if the endoluminal strut
boundary was below the level of the luminal surface [15].
An apposed strut was defined as a strut completely at-
tached to the vessel wall without any gap between itself
and the wall. A malapposed strut was defined as a strut
that had detached from the vessel wall by = 110 pm
(ZES) or = 65 pm (BMS). An uncovered strut was defined
as having a neointimal hyperplasia (NIH) thickness of o
pm. The percentage of uncovered or malapposed struts
was calculated as the ratio of uncovered or malapposed
struts to total struts in all OCT cross sections [16].

Stent and luminal cross-sectional areas (CSAs) were
measured on OCT or IVUS images; NIH CSA was cal-
culated as the stent CSA minus the luminal CSA. NIH
thickness was measured as the distance between the
endoluminal surface of the neointima and the strut [16].

Sample size calculation

When we first design the study, we hypothesized that
the frequency of an uncovered BMS strut with DEB at 9
months would be 8%, and that of an uncovered ZES
strut 16%, based on outdated reports [17-19]. Recently
reported frequency of an uncovered ZES strut are 2% to
6%, lower than historical results [20-22]. Assuming a
two-sided a-level of 0.05, a statistical power of 80%, and
an estimated attrition rate of 10% (for 9-month angio-
graphic follow-up), we would need a total of 452 OCT
cross-sections. In our previous study, the mean stent
length was 20 mm [14]. Therefore, 452 sections (452 mm)
divided by 20 mm/patient results in about 22 patients.

Statistical analyses

The baseline characteristics of the studied patients
were summarised in terms of frequencies and percent-
ages for categorical variables and in terms of means
with standard deviations (SDs) for continuous variables.
Categorical variables were analysed using either the
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chi-square test or the Fisher exact test. Continuous data
were compared using an unpaired Student ¢ test, Wil-
coxon’s rank-sum test or Mann-Whitney U test if test
for normality was not satisfied. A p value less than o.05
was considered statistically significant. Because we
compared the intravascular imaging data of the two
treatment groups using IVUS or OCT, we analysed the
data using two-way analysis of variance (ANOVA).

Ethical approval

This study was approved and monitored by the Institu-
tional Review Board of Seoul National University Bun-
dang Hospital. If all the inclusion criteria and none of
the exclusion criteria were met, the patients were asked
for their written informed consent, as required by the
Institutional Review Board (E-1203-072002) in accor-
dance with the Declaration of Helsinki.

RESULTS

Patients

We obtained baseline and follow-up OCT images from
16 patients; eight in the DEB + BMS group and eight in
the DES group. Baseline and follow-up IVUS images
were available from 40 patients, 20 in the DEB + BMS
group and 20 in the DES group. The baseline clinical
characteristics of patients in the two groups were simi-
lar (Table 1).

Baseline, post-procedural, and follow-up quantita-
tive coronary angiography data

Before the procedure, the reference vessel diameter,
minimum lumen diameter, and percent diameter ste-
nosis were not different between DEB + BMS group
and DES group. The lesion length in the DES group
before the procedure was significantly longer than that
in the DEB + BMS group (19.18 + 5.43 vs. 13.88 £3.96, p <
0.001) because we designed this study to match the DEB
and DES length between both groups and inserted a
shorter BMS than DEB in the DEB + BMS group. The
percent diameter stenosis in patients who were evaluat-
ed using OCT was 66.06% =+ 12.87%, while that in pa-
tients evaluated using IVUS was 74.92% + 14.19% (p =
0.033). The post-procedural reference vessel diameter,
minimal lumen diameter, and percent diameter steno-
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Table 1. Baseline patient characteristics at randomisation
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Characteristic OCT and IVUS
DEB-BMS (n = 28) DES (n = 28) pvalue

Diagnosis 0367

Stable angina 12 (40.00) 15 (50.00)

Unstable angina 7(23.33) 9 (30.00)

NSTEMI 11 (36.67) 6 (20.00)
Age, yr 56.30 +10.99 61.50 £12.41 0.071
Male sex 25 (83.33) 21 (70.00) 0360
Body mass index, kg/m?* 25.83£3.29 24.39 £2.83 0.194
Diabetes mellitus 8(26.67) 9 (30.00) 0.999
Hypertension 21 (70.00) 14 (46.67) 0.115
Hyperlipidemia 5(16.67) 4(13.33) 0.999
Total cholesterol, mg/dL 167.41 + 41.22 (n = 29) 159.31 % 37.11 (0 = 29) 0.597
Creatinine, mg/dL 0.79 £ 0.23 0.86 + 0.28 0.408
CRP, mg/dL 0.78 £1.58 0.44 + 0.46 (n = 29) 0348
Procedure time, min 50.60 + 26.66 52.33 £19.02 0.539

Values are presented as number (%) or mean + SD.

OCT, optical coherence tomography; IVUS, intravascular ultrasonography; DEB, drug-eluting balloon; BMS, bare metal stent;
DES, drug-eluting stent; NSTEMI, non-ST elevation myocardial infarction; CRP, C-reactive protein.

sis were not different between the two treatment groups
or the two imaging methods. At the 9-month follow-up
CAG, in-segment and in-stent percent diameter steno-
sis was significantly higher in the DEB + BMS group
than in the DES group (p = 0.039 and p = 0.034, respec-
tively). Reference vessel diameter, minimal lumen diam-
eter, percent diameter stenosis and eccentricity index at
the 9-month follow-up were not different between the
groups evaluated using OCT and IVUS (Table 2).

Optical coherence tomography & intravascular ultra-
sonography results at baseline and 9-month fol-
low-up
Various quantitative variables from OCT and IVUS im-
ages were combined and analysed. Neointimal hyper-
plasia, represented by thickness, area, or volume, was
significantly higher in the DEB + BMS group than in
the DES group (Table 3). However, stent area and vol-
ume were not different between the treatment groups.
Accordingly, volume obstruction was significantly
higher in the DEB + BMS group (14.90% + 15.36% vs.
DES 7.03% +11.39%, p = 0.025).

Change of mean lumen area during the follow-up pe-

822  www.kjim.org

riod (post-procedural mean lumen area — mean lumen
area at the 9-month follow-up) was significantly higher
in the DEB + BMS group (0.83 + 1.11 vs. DES 0.20 + 0.81,
p = 0.009). Change of minimal luminal area also re-
vealed a similar result (0.89 + 1.35 in the DEB + BMS
group vs. 0.14 + 0.93 in the DES group, p = 0.013). Neoin-
timal thickness measured using OCT was significantly
thicker than that of IVUS (138.26 + 128.59 vs. 81.00 *
87.41, p = 0.042), and neointimal hyperplasia area and
volume were also numerically higher in the OCT mea-
surement group. Change of mean lumen area, minimal
lumen area, and lumen volume during the follow-up
period were also higher in the OCT group than in the
IVUS group (1.24 £ 1.15 VS. 0.22 + 0.79, 1.22 = 1.39 VS. 0.2 =
1.01, 0.85 + 0.08 vs. 0.89 + 0.02, respectively; all p < 0.01)
(Table 3).

Degree of calcification on coronary atherosclerotic
plaque before procedure

We could obtain OCT images of 15 patients (eight from
DEB + BMS group, seven from DES group) which were
performed before procedure. Coronary calcification was
observed in three patients from each group. There were
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Table 2. Baseline, post-procedural, and follow-up lesion characteristics measured with quantitative coronary angiography

Type of treatment Imaging modality
Characteristic DEB + BMS DES OCT IVUS
(n=28) (n=28) pvalue (n=16) g D
Baseline
RVD, mm 3.13 + 0.67 2.84 +0.59 0.092 3.04 + 0.60 2.97 + 0.67 0.717
MLD, mm 0.85+0.51 0.88 + 0.46 0.860 1.03 £ 0.46 0.80+0.49 0.095
DS, % 74.96 £13.29 69.82 +15.03 0.166 66.06 +12.87 74.92 +14.19 0.033
Lesion length 13.88 £3.96 19.18 £5.43 < 0.001 16.03 +5.07 16.73 £5.59 0.625
Post-procedural
RVD, mm
In-stent 3.07 £ 0.59 3.02 + 0.45 0.742 3.06 + 0.42 3.04 = 0.56 0.886
In-segment 2.83 £ 0.70 2.84+0.35 0.923 2.78 + 0.62 2.86 £ 0.52 0.611
MLD, mm
In-stent 2.67+0.49 2.58 +0.46 0.467 2.67 + 037 2.61 + 0.51 0.648
In-segment 2.43 + 0.66 2.43 £ 039 0.982 238+ 0.61 2.45 + 0.52 0.669
DS, %
In-stent 12.86 £7.25 13.79 £12.86 0.742 12.38 £ 6.72 13.70 £11.54 0.672
In-segment 14.64 + 8.68 14.71 + 8.04 0.975 14.81 £ 7.93 14.62 + 8.53 0.940
Acute gain, mm
In-stent 1.82 £ 0.42 1.70 + 0.56 0383 1.64 £ 039 1.81 + 0.53 0.250
9-Month follow-up
RVD, mm
In-stent 2.91 + 0.67 2.77 £ 0.47 0372 2.76 £ 0.62 2.87 + 0.57 0.547
In-segment 2.93 £ 0.59 2.78 + 0.41 0.285 2.66 + 0.55 2.93+0.48 0.073
MLD, mm
In-stent 2.11+0.76 2.29 +0.63 0348 2.24 +0.67 2.18 £ 0.72 0.793
In-segment 2.05+ 0.82 2.23 +0.60 0357 2.10 + 0.68 2.15+ 0.74 0.835
DS, %
In-stent 29.46 + 20.67 18.78 £16.67 0.039 21.43 £ 21.69 25.20 +18.54 0.502
In-segment 32.61 +22.23 20.71 +18.13 0.034 23.81 £ 21.25 27.80 +21.03 0.511
Lesion length, mm
In-stent 0.56 £ 0.57 0.29 £ 0.63 0.099 0.43 £ 0.50 0.42 +0.66 0.955
In-segment 038 £0.79 0.20 + 0.53 0.335 0.28 £ 0.68 0.30+0.68 0.914
Eccentricity index 0.88 £ 0.05 0.88 + 0.05 0.750 0.89 £ 0.02 0.89 £ 0.03 0.545

Values are presented as mean + SD.
DEB, drug-eluting balloon; BMS, bare metal stent; DES, drug-eluting stent; OCT, optical coherence tomography; IVUS, intra-

vascular ultrasonography; RVD, reference vessel diameter; MLD, minimal lumen diameter; DS, diameter stenosis.

no significant differences of presence of calcification

(37.5% in DEB + BMS group vs. 42.9% in DES group, p =

0.833), maximal calcium angle (58.1 + 815 in DEB + BMS

group vs. 76.8 + 96.8 in DES group, p = 0.695), and per-

cent calcium length between the two groups (8.2 + 151

https://doi.org/10.3904/kjim.2017.378

VS. 19.2 £ 33.7, p = 0.945).

Strut apposition at post-procedure and at the

9-month follow-up
The mean number of struts analysed per 1 mm section
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Table 3. Optical coherence tomography and intravascular ultrasonography analysis of coronary lesions at the 9-month follow-up

Type of treatment Imaging modality
Two-way ANOVA DEB + BMS DES OCT IVUS P
(n = 28) (n = 28) pvalue (n=16) (n = 40) pvalue Iinteraction

Neointimal 125.09 +107.69  68.73+091.16  0.025 138.26+128.59 81.00+87.41  0.042
thickness, pm
Neointimal hyperplasia 1.02+0.99 0.46+0.69  ©.011 1.02+1.29 0.63 £ 0.66 0.103 0.006
area, mm”
Neointimal hyperplasia 20.30 +24.15 11.28+18.y5  0.105 20.93 £31.60 13.74+16.65  0.240 0.011
volume, mm?
Volume obstruction, % 14.90 +15.36 7.03 £11.39 0.025 14.91 £18.96 938 £11.32 0.150 0.014
Mean lumen area, mm?

Post 736 £2.29 6.79 £ 2.05 0334 7.67 £1.90 6.84 £ 2.25 0.195

9-Month follow-up 6.53 +2.45 6.59 £2.22 0.918 6.43+2.18 6.61+2.40 0.785

Post-9-month follow-up 0.83 £1.11 0.20+0.81 0.009 1.24 £1.15 0.22+0.79 <0.001
Minimum lumen area, mm?

Post 6.09 £2.16 5.56 +1.89 0.337 6.25 £1.56 5.66 +2.18 0329

9-Month follow-up 5.21+2.32 5.42 +2.08 0.706 5.03 £ 2.00 5.43 +2.27 0.533

Post-9-month follow-up 0.89 £1.35 0.14 + 0.93 0.013 1.22£1.39 0.23 +£1.01 0.003
Lumen volume, mm?3

Post 126.95+50.17  154.63+66.89 0.804  156.63 + 61.61 134.45 £ 59.25 0.208

9-Month follow-up 116.00 +55.38 153.74 £ 73.45  0.034 129.06+60.76  137.19+70.22  0.677

Post-9-month follow-up 10.95 +35.93 0.89 £41.48 0308 27.57 + 28.70 —2.74 +39.18 0.007

Mean stent area, mm”

Post 7.47 £2.34 6.70 £1.98 0.191 7.14 +1.84 6.95+2.31 0.482
9-Month follow-up 7.53 £ 2.46 6.98 £2.06 0.374 7.45%1.89 7.17 £ 2.42 0.687
Post-g-month follow-up ~ —0.06 + 0.33 -0.28 £ 032 0.012  —0.04%0.33 —0.22+0.34 0.060

Minimum stent area, mm?

Post 6.28 £ 2.22 5.52 £1.80 0.170 6.12 £1.53 5.81 +2.22 0.605
9-Month follow-up 6.48 £2.27 5.85+1.92 0.277 6.23+1.69 6.14 +2.27 0.885
Post-9-month follow-up  —0.20+0.45 -0.33+0.48 0.275 —0.11 £+ 0.61 -0.33+0.61 0.104

Stent volume, mm?

Post 135.74+51.95 159.70+65.61  0.139 150.81 £58.06  146.49 + 60.92  0.807
9-Month follow-up 139.66 £ 64.05 167.18 £73.60  0.145  149.99 + 66.35 154.79 +71.85 0.817
Post-9-month follow-up —3.02+22.55 —7.48+32.66 0.636 0.82 +22.07 -831+29.72  0.276

Values are presented as mean + SD.
ANOVA, analysis of variance; DEB, drug-eluting balloon; BMS, bare metal stent; DES, drug-eluting stent; OCT, optical coher-
ence tomography; IVUS, intravascular ultrasonography.

was not different between the groups at post-procedure ered struts was also similar between both groups.

and at 9 months (Table 4). The mean number of malap-

posed struts/1 mm section was not different post-pro- Intra-individual heterogeneity of neointimal hyper-
cedure between both groups either. It was decreased at plasia

9 months in both groups. The mean number of uncov- The degree of restenosis was calculated on each cross-sec-
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Table 4. Optical coherence tomography analysis of coronary lesions at the 9-month follow-up (malapposition)

Time Parameters ocT
DEB-BMS (n = 8) DES (n = 8) pvalue

Post-procedure ~ Mean number of struts/mm section 13.8+1.6 12.7+ 0.9 0.098
Mean number of malapposed struts/mm section 1.2+ 0.7 0.9%1.0 0.458
% malapposed struts/mm section 9.5%5.1 7.0 £7.6 0.541

At 9 months Mean number of struts/mm section 1BY3) 25 1L 12.3+2.6 0.374
Mean number of uncovered struts/mm section 10.8 £28.0 81x8.9 0.794
Mean number of malapposed struts/mm section 4.6+123 2.5+6.0 0.666
% of struts uncovered/mm section 4.7 £12.2 3.0+33 0.716
% of struts malapposed/mm section 1.99 £5.37 0.9 £2.2 0.597

Values are presented as mean + SD.

OCT, optical coherence tomography; DEB, drug-eluting balloon; BMS, bare metal stent; DES, drug-eluting stent.

tional image. At the in-stent cross section, the degree of
restenosis was defined as the ratio of the lumen area to
the stent area. At the in-segment cross section out of the
stent, the degree of restenosis was defined as the ratio of
the follow-up lumen area to the post-procedural lumen
area. A restenosis degree over 1.6 was considered to be an
abnormal measurement was excluded from the analysis.
The degree of restenosis alongside the lesion was plotted
on the coordinate (Fig. 1A). On the X axis, the proximal
edge of the stent was regarded as o, and the distal edge
of the stent was set to 1. The degree of restenosis was
plotted on the Y axis. The lumen area of the DES was
well maintained during the follow-up period, while the
lumen area of the DEB + BMS group demonstrated vari-
able and suboptimal inhibition of restenosis.

For each patient, the SD of the degree of restenosis
from every cross-sectional image was calculated. As the
SD of'the degree of restenosis from the patients did not
meet the assumption of normality, square root trans-
formation was conducted (after transformation, Shap-
iro-Wilk test, p = 0.189) and then analysed using two-
way ANOVA. The mean of the SD of the degree of
restenosis in the stent was significantly higher in the
DEB + BMS group than in the DES group (DEB + BMS
0.09 % 0.06 vs. DES 0.05 + 0.03, p < 0.001) (Fig. 1B). How-
ever, the mean of the SD of the degree of restenosis at
in-segment out of the stent was not different between
the DEB + BMS and DES groups (DEB + BMS o0.15 +
0.06 vs. DES 0.16 + 0.08, p < 0.001).

Degree of neointimal hyperplasia and OCT images

https://doi.org/10.3904/kjim.2017.378

from representative cases of each treatment group was
presented at Fig. 2. The two patients have similar base-
line clinical and angiographic parameters. The lesion
which treated with DEB + BMS demonstrate significant
and heterogeneous neointimal hyperplasia, while le-
sion treated with DES display minimal and homoge-
neous neointimal hyperplasia.

DISCUSSION

Concordant with numerous earlier studies, this study
also demonstrated that the DEB + BMS strategy is infe-
rior to the DES strategy. The degree of restenosis and
neointimal hyperplasia were measured using intravas-
cular imaging, and they were significantly higher in the
DEB + BMS group than in the DES group. Despite the
higher neointimal growth, strut malapposition in the
DEB + BMS group was not less than that in the DES
group. The degree of restenosis at each cross-sectional
level in the DEB + BMS group demonstrated signifi-
cantly higher intra-individual heterogeneity than that
in the DES group.

The combination of a paclitaxel-coated balloon plus
BMS was suggested because of the following possible
advantages: (1) decreased neointimal proliferation due
to homogenous administration of high concentration
paclitaxel to the vessel wall, (2) decreased risk of stent
thrombosis by facilitating a more rapid endothelialisa-
tion due to the use of a BMS compared to the use of a
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DEB-BMS DES

DES, and (3) reduced dual antiplatelet therapy, especial-
ly in patients with contraindications for prolonged
DAPT [23-25]. However, DEB + BMS was inferior to DES
in terms of late luminal loss for de novo coronary artery
lesions in previous studies [13,14]. Myocardial infarction
and stent thrombosis occurred more often in the DEB
+ BMS treatment group [13]. Therefore, its suggested
advantages seem not to be realised in the clinical set-
ting.

The reason for this could be explained by our results.
First, drug delivery with the DEB to the vessel wall
could be suboptimal and inhomogeneous, considering
the high neointimal growth and intra-lesion variation
in the DEB + BMS group. While a DES elutes anti-in-
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Figure 1. Neointimal hyperplasia and de-
gree of restenosis at 9 months. (A) On the
X axis, the proximal edge of the stent was
regarded as o, and the distal edge of the
stent was set to 1. The degree of restenosis
was plotted on the Y axis. (B) Mean of stan-
dard deviations of degree of restenosis “in-
stent” (left panel) and “in-segment out of
stent” (right panel). ISR, degree of in-stent
or in-segment restenosis; DEB, drug-elut-
ing balloon; BMS, bare metal stent; DES,
drug-eluting stent; IVUS, intravascular
ultrasonography; OCT, optical coherence
tomography. “Two-way analysis of variance
DES test.

flammatory drugs for several months, DEB drug deliv-
ery only lasts for a few days [8]. Vessel tortuosity, intra-
luminal irregularity and calcification could also hinder
its effectiveness and hinder homogeneous drug delivery
to the lesion. Second, drugs on the balloon catheter
could be another problem. In studies regarding DESs,
stents with paclitaxel were inferior to sirolimus-eluting
stents or ZESs [3,26]. Patients treated with a pacli-
taxel-eluting stent had a significantly higher frequency
of diffuse-intrastent in-stent restenosis (ISR) compared
to a sirolimus-eluting stent ISR [27]. Therefore, pacli-
taxel from a DEB may not inhibit neointimal hyperpla-
sia as effectively as the ZES.

We also found that the DEB + BMS strategy has no
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Figure 2. Degree of neointimal hyperplasia and optical
coherence tomography images of representative cases. (A)
Drug-eluting balloon (DEB)-bare metal stent (BMS), (B)
drug-eluting stent (DES). PCI, percutaneous coronary inter-
vention.

merit in the aspects of stent malapposition. We believe
that inhomogeneity and the ISR might affect this result.
Although there was high neointimal growth in one part
of the lesion, there could have been excess inhibition of
neointimal growth and re-endothelialisation in the
other part of the lesion. In contrast, DES seems to re-
lease stable and homogeneous inhibitory drugs from
polymers to the vessel walls based on the less variable
ISR.

Due to various disadvantages mentioned above, BMS
strategy is not a standard therapy for coronary artery
disease, except for specific situations such as need of
surgery which cannot be delayed over 12 months [28].
Furthermore, a promising clinical result in terms of’
shortened duration of DAPT from polymer-free drug
coated stent was released recently [29]. Our data could
explain why BMS strategy should not be used in gener-
al populations.

This study has several limitations. First, we used two
different intravascular imaging modalities to evaluate
vessel and neointimal hyperplasia. Because we could
not obtain a sufficient number of patients from one
imaging modality, IVUS and OCT data should be anal-
ysed conjointly. Although there were no significant dif-
ferences in outcomes between IVUS and OCT and we
analysed the data using two-way ANOVA to assess the
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imaging modality factor, this heterogeneity of imaging
tools could hinder the reliability of the study. The small
number of patients could be also a limitation.

In conclusion, the DEB + BMS strategy is inferior to
DES strategy because of the higher degree of neointi-
mal hyperplasia and restenosis. Meanwhile, the inci-
dence of strut malapposition in the DES group was less
than expected, and there was no difference between the
two groups. In the DEB + BMS group, a higher level of
inhomogeneity of restenosis during the follow-up peri-
od was observed. This could be due to the ineffective
drug delivery from DEB to the lesion. DEB technology
should be improved to obtain even drug delivery to the
vessel wall and homogeneous prevention of neointimal
growth comparable to contemporary DES.

The DEB + BMS strategy showed a higher degree of
neointimal hyperplasia and restenosis which was infe-
rior to DES strategy. Nevertheless, the incidence of
strut malapposition in the DES group was less than ex-
pected, and there was no difference between the two
groups. Importantly, a higher level of inhomogeneity of
restenosis during the follow-up period was observed in
the DEB + BMS group.

KEY MESSAGE

1. Treatment with drug-eluting balloon (DEB)
followed by bare metal stent (BMS) is inferior
to the treatment with drug-eluting stent (DES).

2. The degree of restenosis and neointimal hy-
perplasia were significantly higher in the DEB
+ BMS group than in the DES group while
strut malapposition did not differ between the
two groups.

3. The lumen area of the DES was well main-
tained during the follow-up period, while the
lumen area of the DEB + BMS group demon-
strated variable and suboptimal inhibition of
restenosis.

4. DEB technology should be improved to obtain
even drug delivery to the vessel wall and ho-
mogeneous prevention of neointimal growth
comparable to contemporary DES.
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