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Abstract

Aims: The aim of this study was to compare the efficacy between paclitaxel-coated balloon (PCB) and drug-
eluting stent (DES) implantation for the treatment of DES restenosis in complex situations.

Methods and results: Data of patients who received revascularisation for DES restenosis between 2004 and
2011 were collected. A total of 683 patients with 777 lesions were analysed in this study (306 lesions treated
by PCB, 471 lesions by DES). The use of PCB or DES was at the discretion of the operator. Angiographic out-
comes at six to eight months and clinical outcomes at 12-month follow-up were compared between groups.
The primary outcome was binary restenosis. Cox regression analysis with propensity score adjustment sug-
gested that there were no significant differences between the two groups with respect to binary restenosis,
target lesion revascularisation (TLR), and major adverse cardiac events. As for the angiographic endpoints,
subgroup analysis was performed for several parameters. There was a significant trend favouring PCB with
respect to binary restenosis and TLR in non-focal type lesions and bifurcation lesions.

Conclusions: Angiographic and clinical outcomes in the PCB group were similar to those in the repeat DES
group. PCB seemed to offer more favourable results in non-focal type lesions and bifurcation lesions.
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Introduction

As drug-eluting stents (DES) are used in complex settings, DES
restenosis is an important issue after percutaneous coronary inter-
vention. Its optimal treatment remains undefined. The various aeti-
ologies of DES restenosis and the variety of possible therapeutic
options make it difficult for interventional cardiologists to deter-
mine the optimal therapy. Nowadays, the paclitaxel-coated bal-
loon (PCB) has emerged as a potential alternative to the current
treatment of in-stent restenosis (ISR)!'". A recent study has shown
that PCB is not inferior to repeat stenting using paclitaxel-eluting
stents for limus-eluting stent restenosis®. However, there are cur-
rently inadequate data to compare PCB with repeat stenting using
several DES for restenosis in several DES in complex clinical and
angiographic scenarios. The aim of this study was to compare effi-
cacy between PCB and DES implantation for the treatment of DES
restenosis in an unselected and consecutive patient cohort.

Methods

PATIENT POPULATION

Data from patients who underwent revascularisation for DES reste-
nosis at Kurashiki Central Hospital between September 2004 and
November 2011 were retrospectively analysed. The exclusion crite-
ria were recurrent lesions after DES for ISR, a mixture of different
types of DES, lesions located in bypass conduits, and bail-out stent-
ing after the use of PCB due to major dissection. The use of PCB or
DES (stent selection) was at the discretion of the operator. A siroli-
mus-eluting stent (SES) (CYPHER®; Cordis, Johnson & Johnson,
Miami Lakes, FL, USA) was the only DES available in Japan dur-
ing the period from August 2004 to March 2007. A paclitaxel-elut-
ing stent (PES) (TAXUS™; Boston Scientific Corp., Marlborough,
MA, USA) became available in April 2007, and from then SES
and PES were used. A PCB (SeQuent® Please balloon catheter;
B. Braun, Melsungen, Germany) became available in September
2008, and from then the PCB was mainly used. An everolimus-elut-
ing stent (EES) (XIENCE V; Abbott Vascular Devices, Redwood
City, CA, USA, and PROMUS™; Boston Scientific Corp.) became
available in January 2010, and from then EES and PCB were used.
Fifty-one patients from our previous study*¢ were included in this
study. The study was carried out in accordance with the provisions
of the Declaration of Helsinki and local regulations. All patients
provided informed consent for both the procedure and subsequent
data collection and analysis for research purposes, and the study
was approved by the institutional ethics committee.

INTERVENTIONAL PROCEDURE

All patients were pretreated with aspirin (100 mg daily) and ticlo-
pidine (200 mg daily)/clopidogrel (75 mg daily). Aspirin and ticlo-
pidine/clopidogrel treatment was recommended for at least three
months in the PCB group, and 12 months in the repeat DES group.
The procedures were performed according to standard clinical
guidelines. In all cases, the interventional strategy and the use of
adjunctive devices and pharmacotherapy were at the discretion
of the operator. Predilatation with a high-pressure balloon was
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performed for all ISR lesions. The length of PCB or DES was cho-
sen to overlap the lesion by at least 2 mm at the proximal and distal

margins. The recommended inflation time for PCB was 60 seconds.

FOLLOW-UP AND DEFINITION

All patients were scheduled to undergo repeat angiography six to eight
months after a successful procedure. The follow-up angiogram was
obtained earlier if clinically indicated. Clinical follow-up was per-
formed by telephone contact or office visit 12 months after the index
procedure. Binary restenosis at follow-up was defined as a steno-
sis occupying more than 50% of the diameter by quantitative coro-
nary angiographic analysis. Target lesion revascularisation (TLR) was
defined as any repeat percutaneous coronary intervention or aortocoro-
nary bypass surgery because of restenosis (diameter stenosis >50%)
associated with symptoms or objective signs of ischaemia (exercise
test, exercise nuclear myocardial perfusion imaging, and fractional flow
reserve). Death from any causes, non-fatal acute myocardial infarction,
and TLR were considered to be major adverse cardiac events (MACE).
We applied Academic Research Consortium criteria for definite stent
thrombosis for adjudication of target lesion thrombosis.

ANGIOGRAPHIC ANALYSIS

Serial coronary angiography was performed at baseline (before
and after the intervention) and at six- to eight-month follow-
up. Quantitative coronary angiographic analysis was performed
using QCA-CMS (Medis Medical Imaging Systems, Leiden, The
Netherlands). Reference diameter, minimal lumen diameter, percent-
age diameter stenosis, and lesion length were measured before and
after the intervention, and at follow-up. Acute gain was defined as
minimal lumen diameter immediately after the procedure minus that
at baseline. Late lumen loss was defined as minimal lumen diam-
eter immediately after the procedure minus that at angiographic fol-
low-up. Measurements were carried out at the target lesion treated by
PCB or stent within 5 mm proximal and distal to the treated area. ISR
was classified according to the Mehran classification’. Multifocal,
diffuse, proliferative, and occlusive lesions were classified as non-
focal type restenosis lesions. Stent fracture was angiographically
defined at the time of use of the PCB or repeat DES.

STUDY ENDPOINTS

The clinical endpoints included TLR, cardiac death, myocardial
infarction, target lesion thrombosis, and MACE at 12-month fol-
low-up. The clinical endpoints were evaluated on a per patient
basis. The angiographic endpoints included late lumen loss and
the rate of binary restenosis at six- to eight-month follow-up. The
angiographic endpoints were evaluated on a per lesion basis. The
primary outcome was binary restenosis. The secondary outcomes
included clinical outcomes (TLR, cardiac death, myocardial infarc-
tion, target lesion thrombosis, and MACE) and late lumen loss.

STATISTICAL ANALYSIS
Continuous variables are expressed as meanzstandard devia-
tion. Values are reported as numbers with relative percentages or
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standard deviation. For continuous data, groups were compared
by parametric Student’s t-test or non-parametric Mann-Whitney
U test according to the distribution of data. Categorical variables
were compared by ¥ test. P-values of less than 0.05 were consid-
ered to be statistically significant. In order to reduce the treatment
bias and potential confounding factors, we performed propensity
score matching. The propensity score was estimated by multiple
logistic regression analysis using the variables for controlling the
potential bias in the comparison between PCB and repeat DES
groups. Using propensity scoring, the patients with lesions treated
by DES were matched one to one with the patients treated by PCB
with similar baseline characteristics. Angiographic and clinical
outcomes were compared with adjustment using the Cox pro-
portional hazards model. For subgroup analysis of angiographic
outcomes, the logistic regression model was used to assess the
interaction between the treatment and each subgroup. Subgroup
analyses were performed for the entire cohort. The variables used
in the propensity score and multivariable analyses were selected
when they were shown to affect dependent variables in the univar-
iate analysis or empirically, if they were known to have predictive
values: gender, age, diabetes mellitus, acute coronary syndromes,
haemodialysis, bifurcation lesion, aorto-ostial lesion, stent edge
restenosis, stent fracture, reference diameter, and ISR pattern
(focal or non-focal). All statistical analyses were performed using
IBM SPSS Statistics for Windows, version 20.0 (IBM Corp,
Armonk, NY, USA), and EZR (Saitama Medical Center, Jichi
Medical University, Saitama, Japan) which is a graphical user
interface for R, version 2.13.0 (The R Foundation for Statistical
Computing, Vienna, Austria).

Results

BASELINE AND PROCEDURAL DATA

Among a total of 685 patients with 777 lesions after re-revas-
cularisation for DES restenosis, 260 patients with 306 lesions
were treated by PCB, and 425 patients with 471 lesions by DES.
Among these lesions, 64.2% (n=499) originally received a siroli-
mus-eluting stent, 18.3% (n=142) a paclitaxel-eluting stent, 8.6%
(n=67) a zotarolimus-eluting stent, 5.7% (n=44) an everolimus-
eluting stent and 3.2% (n=25) a biolimus-eluting stent. Online
Table 1 shows baseline clinical, angiographic, and procedural
characteristics in the PCB and repeat DES groups. Among 471
lesions in the repeat DES group, 177 (37.6%) were treated by
SES, 164 (34.8%) by PES, and 130 (27.6%) by EES. No signifi-
cant differences were observed in clinical characteristics between
the two groups, except the incidence of acute coronary syndrome.
Non-focal type restenosis and bifurcation lesions were more fre-
quent in the PCB group. Stent edge restenosis was more frequent
in the repeat DES group. Quantitative coronary angiographic
results are summarised in Online Table 2. Reference diameter was
significantly greater in the repeat DES group (2.89+0.43 mm vs.
2.99+0.48 mm, p=0.001). Lesion length was significantly longer
in the PCB group (17.148.6 mm vs. 15.7+11.1 mm, p=0.046).

Percentage diameter stenosis and minimal lumen diameter at

pre-procedure were similar between the two groups. In the PCB
group, post-intervention minimal lumen diameter was signifi-
cantly lower (2.084+0.45 mm vs. 2.64+£0.49 mm, p<0.001), per-
centage diameter stenosis significantly greater (28.8+9.6%
vs. 15.1+8.8%, p<0.001), and acute gain significantly greater
(1.27£0.62 mm vs. 1.78+0.66 mm, p<0.001).

ANGIOGRAPHIC RESULTS

Follow-up angiography was performed in 690 lesions (88.8%).
Quantitative coronary angiographic results are summarised in
Online Table 3. Recurrent restenosis occurred in 23.5% of the PCB
group and 25.9% of the repeat DES group (p=0.48). The incidence
of TLR (per lesions) was noted in 15.7% of the PCB group and in
20.3% of the repeat DES group (p=0.13). Late lumen loss was lower
in the PCB group than in the repeat DES group (0.34+0.57 mm vs.
0.68+0.76 mm, p<0.001). There were trends favouring PCB with
respect to binary restenosis (adjusted HR 0.81, 95% CI: 0.58-1.11,
p=0.19) and TLR (adjusted HR 0.70, 95% CI: 0.47-1.02, p=0.06).

CLINICAL OUTCOMES

Clinical follow-up 12 months after intervention was performed
in 680 patients (99.3%). Online Table 3 shows clinical outcomes.
The incidence of TLR (per patient) was noted in 16.7% of the PCB
group and 19.4% of the repeat DES group (p=0.41). There was
no death, myocardial infarction or target lesion thrombosis in the
PCB group. The MACE rate during the 12-month follow-up in the
PCB and repeat DES groups was 16.7% and 20.1%, respectively
(p=0.27). In the PCB group, all MACE were due to repeat revascu-

larisation procedures.

PROPENSITY SCORE MATCHED ANALYSIS

After performing propensity score matching, a total of 236 matched
pairs were generated. The C statistic of the propensity score model
was 0.726 and the Hosmer-Lemeshow test p-value was 0.510.
Table 1 and Tahle 2 show baseline clinical, angiographic and pro-
cedural characteristics, and quantitative coronary angiographic data
in the PCB and repeat DES groups after propensity score match-
ing. No significant differences were observed in clinical and angio-
graphic characteristics between the two groups. Reference diameter,
percentage diameter stenosis, minimal lumen diameter and lesion
length at pre-procedure in the PCB group were similar to those in
the repeat DES group. Table 3 shows quantitative coronary angio-
graphic results and clinical outcomes. Late lumen loss was lower
in the PCB group than in the repeat DES group (0.37+0.59 mm
vs. 0.73£0.83 mm, p<0.001). Figure 1 shows the cumulative fre-
quency distribution of the percentage diameter stenosis before and
after the procedure as well as at angiographic follow-up. Although
the proportion of a residual percentage diameter stenosis of >30%
after treatment was higher in the PCB group, the percentage diam-
eter stenosis at angiographic follow-up was similar between the two
groups (41.9+£19.5% vs. 39.04+25.8%, p=0.19). Figure 2 shows ker-
nel density estimation of the percentage diameter stenosis at angio-
graphic follow-up. In the PCB group, it was distributed primarily



Table 1. Baseline clinical, angiographic and procedural
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Table 2. Quantitative coronary angiographic analysis results.

characteristics (propensity-matched population). Propensity-matched PCB Repeat DES
population 236 lesions|236 lesions (PEID
Propensity-matched population PCB. gl .DES p-value
236 lesions | 236 lesions Pre-procedure
Age, yrs 69.0+10.3 68.2+11.2 0.46 Diameter stenosis (%) 71.2+17.1 |1 70.6x17.4| 0.71
Male gender, n (%) 178 (75.4) 184 (78.0) 0.59 Minimal lumen diameter (mm)| 0.83+0.52 | 0.86+0.54 | 0.61
Diabetes mellitus, n (%) 119 (50.4) 128 (54.2) 0.46 Reference diameter (mm) 2.92+0.44 | 2.95+0.44 | 0.45
Hypertension, n (%) 188 (79.7) 178 (75.4) 0.32 Lesion Iength (mm) 16.4+8.4 15.6+8.8 0.30
Hyperlipidaemia, n (%) 142 (60.2) 146 (61.9) 0.78 Post procedure
CUENRSNErIIe) ) LRl L) Diameter stenosis (%) 28.129.6 | 14.8:8.5 |<0.001
Haemodialyss, n () 2L 25 0.65 Minimal lumen diameter (mm)| 2.12+0.45 | 2.62+0.47 | <0.001
Acute coronary syndrome, n (%) 23(9.8) 29 (12.3) 0.46 -
- Acute gain (mm) 1.29+0.62 | 1.76+0.65 | <0.001
Stable angina, n (%) 213(90.3) 207 (87.7) 0.46 - -
Multivessel disease, n (%) 65 27.5) 60(254) 068 DES: drug-eluting stent; PCB: paclitaxel-coated balloon
Previous myocardial infarction, n (%) 118 (50.0) 132 (55.9) 0.23
Previous bypass surgery, n (%) 21(8.9) 16 (6.8) 0.49 1007
Target lesion 0.10 90
Left anterior descending, n (%) 93 (39.4) 82(29.7) 804
Left circumflex, n (%) 37(15.7) 41 (14.9) & 70
Right, n (%) 100 (42.4) 125 (53.0) g oo
Left main trunk, n (%) 6(2.5) 4(L.7) ;T ol
Classification of in-stent restenosis 0.07 E
Focal margin, n (%) 5(2.1) 8(3.4) 5 40
Focal body, n (%) 87(369 | 95(103) S o e
Multifocal, n (%) 7(3.0) 10 (4.2) 20 — PCB (at follow-up)
Repeat DES (pre-procedure)
Diffuse, n (%) 103 (43.6) 76 (32.2) 104 — Repeat DES (post-procedure)
Proliferative, n (%) 17 (7.2) 15 (6.4) NP /A N
Occlusive, n (%) 1702 32 (136) o g)erczeﬂnta;% di[g]meioer signo;?s ("BA?) oo
Focal type restenosis, n (%) 92 (39.0) 103 (43.6) 0.35
Non-focal type restenosis, n (%) 144 (61.0) 133 (56.4) 0.35 Figure 1. Cumulative frequency distribution of percentage diameter
Stent edge restenosis, n (%) 22(9.3) 23(9.8) >0.99 stenosis. DES: drug-eluting stent; PCB: paclitaxel-coated balloon
Aorto-ostial lesion, n (%) 16 (6.8) 16 (6.8) >0.99
Bifurcation lesion, n (%) 60 (25.4) 42 (17.8) 0.06
Stent fracture, n (%) 38 (16.1) 52 (22.0) 0.13 0.034 _
Paclitaxel-eluting stent 40 (17.0) 57 (24.2)
Limus-eluting stent
Sirolimus-eluting stent 119 (50.4) 162 (68.6)
Zotarolimus-eluting stent 36 (15.3) 9(3.8) 004
Everolimus-eluting stent 30 (12.7) 2(0.9)
Biolimus-eluting stent 11 (4.7) 6 (2.5) >
DES used for in-stent restenosis %
Sirolimus-eluting stent - 84 (35.6) e
Paclitaxel-eluting stent - 77 (32.6)
Everolimus-eluting stent - 75 (31.8) 001
Stent diameter (mm) - 2.94+0.37
Stent total length (mm) - 19.9+9.9
Multiple stents, n (%) - 14 (5.9)
Paclitaxel-coated balloon
Balloon diameter (mm) 2.90+0.45 - 0.00 - - - - - - - - - )
Balloon total length (mm) 21.9+9.0 - 0 A s 0 B S0
Muttiple balloons, n (%) 167 7 Percentage diameter stenosis (%)

DES: drug-eluting stent; PCB: paclitaxel-coated balloon

Figure 2. Percentage diameter stenosis at angiographic follow-up.
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from 30% to 60% diameter stenosis after treatment. There were
no significant differences between the two groups with respect to
binary restenosis (HR 0.99, 95% CI: 0.69-1.43, p=0.97), TLR (HR
0.86, 95% CI: 0.55-1.33, p=0.49), and MACE (HR 0.76, 95% CI:
0.49-1.18, p=0.23).

SUBGROUP ANALYSIS

As for the angiographic endpoint of binary restenosis and TLR,
subgroup analysis was performed for several parameters. HRs
with respect to binary restenosis and TLR in several subgroups are
illustrated in Figure 3. Logistic regression-adjusted angiographic
results of both strategies were compared. PCB was more effective
in non-focal type restenosis and bifurcation lesions than in repeat
DES. The treatment effect was neutral between PCB and repeat
DES in other subgroups. In the non-focal restenosis lesion cohort,
late lumen loss (0.38+0.56 mm vs. 0.89+0.88 mm, p<0.0001),
binary restenosis (25.4% [48/189] vs. 40.9% [76/186], p=0.002),
and TLR (17.5% [33/189] vs. 31.2% [58/186], p=0.003) were sig-
nificantly better in the PCB group than in the repeat DES group.
In the focal restenosis lesion cohort, late lumen loss was lower in
the PCB group than in the repeat DES group (0.26+0.59 mm vs.
0.514£0.60 mm, p<0.001). However, the incidences of binary reste-
nosis (19.6% [18/92] vs. 13.5% [30/223], p=0.17), and TLR (12.0%
[11/92] vs. 11.2% [25/223], p=0.85) were similar in both groups.
In the bifurcation lesion cohort, late lumen loss (0.394+0.56 mm
vs. 0.97+0.99 mm, p<0.0001), and TLR (11.6% [8/69] vs. 31.2%
[20/61], p=0.005) were significantly better in the PCB group than
in the repeat DES group. The incidence of binary restenosis (26.1%
[18/69] vs. 39.3% [24/61], p=0.13) tended to be lower in the PCB
group than in the repeat DES group. In the stent edge restenosis
cohort, there was a tendency towards a higher angiographic reste-
nosis rate (30.4% [7/23] vs. 14.3% [14/98], p=0.12) and TLR rate
(26.1% [6/23] vs. 12.2% [12/98], p=0.11) in the PCB group than in
the repeat DES group.

FIRST-GENERATION DES VS. SECOND-GENERATION DES
FOR DES RESTENOSIS

Among 471 lesions in the repeat DES group, 341 (72.4%) were
treated using first-generation DES (SES or PES) and 130 (27.6%)
using second-generation DES (EES). No significant difference
in binary restenosis (25.7% vs. 26.6%, p=0.90), TLR (20.6% vs.
19.5%, p=0.89) or late lumen loss (0.7040.75 mm vs. 0.65+0.8 I mm,
p=0.60) was observed between first- and second-generation DES.

THE DIFFERENCE IN ANGIOGRAPHIC OUTCOMES
ACCORDING TO TYPE OF RESTENOTIC STENT

In the PCB group, 83.3% (n=255) originally received a limus-
eluting stent, and 16.7% (n=51) a paclitaxel-eluting stent. No sig-
nificant difference was observed in binary restenosis (22.3% vs.
29.2%, p=0.35), TLR (14.6% vs. 20.8%, p=0.28) or late lumen loss
(0.33+0.57 mm vs. 0.39+0.57 mm, p=0.46) between limus-eluting
and paclitaxel-eluting stents.

Discussion

The main findings of this study were as follows. First, angiographic
and clinical outcomes after propensity score matching, including
binary restenosis, TLR, and MACE, were similar in both PCB and
repeat DES groups. Second, whereas PCB and repeat DES showed
similarly effective results for focal type DES restenosis, PCB was
superior to repeat DES for non-focal type DES restenosis and
bifurcation lesions. A recent study has confirmed that, in patients
with DES restenosis, DES implantation provides superior results
to conventional angioplasty®. Repeat stent implantation presents
a serious problem in that the treatment of recurrent restenosis is
limited because of multiple layers of metal in the coronary artery.
Nowadays, PCB has emerged as a potential alternative to the cur-
rent treatment of ISR!*. The PEPCAD II trial which evaluated the
comparative efficacy between PCB and repeat stenting with PES
for bare metal stent restenosis showed that PCB is non-inferior to

Table 3. Angiographic and clinical outcomes at 6 to 8-month follow-up.

PCB

Propensity-matched population 236 lesions

236 lesions

Repeat DES

p-value | Unadjusted HR (95% Cl) |p-value

Angiographic follow-up at 6 to 8 months (per lesion) | 214/236 (90.7%) | 208/236 (88.1%)
Diameter stenosis (%) 41.9+19.5 39.0+25.8 0.19
Minimal lumen diameter (mm) 1.75+0.69 1.91+0.86 0.03
Late luminal loss (mm) 0.37+0.59 0.73+0.83 <0.001
Binary restenosis, n (%) 55 (25.7) 61 (29.3) 0.45 0.99 (0.69-1.43) 0.97
Target lesion revascularisation, n (%) 36 (16.8) 44 (21.2) 0.27 0.86 (0.55-1.33) 0.49
Clinical follow-up at 12 months (per lesion) 234/236 (99.2%) | 232/236 (98.3%)
Target lesion revascularisation, n (%) 37 (15.8) 46 (19.8) 0.28 0.78 (0.561-1.21) 0.27
Cardiac-related death, n (%) 0 (0) 3(1.3) 0.12 - -
Myocardial infarction, n (%) 0(0) 1(0.4) 0.50 - -
Target lesion thrombosis, n (%) 0 (0) 1(0.4) 0.50 - -
MACE, n (%) 36 (15.4) 46 (19.8) 0.23 0.76 (0.49-1.18) 0.23

DES: drug-eluting stent; HR: hazard ratio; MACE: major adverse cardiac events; PCB: paclitaxel-coated balloon




A. Binary restenosis
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Binary restenosis
Subgroups PCB Repeat DES HR 95% Cl pvalue  pfor interaction
Focal type restenosis 18/92 (20%)  30/223 (13%) 0 1.90 0.90-4.00 0.092 0.004
Non-focal type restenosis 48/189 (25%)  76/186 (41%) —a— 046  0.29-0.72 0.001 0.004
Reference diameter <3 mm 49/181(27%)  52/211 (25%) —— 0.86  0.52-1.42 0.550 0.056
Reference diameter >3 mm 17/100 (17%) ~ 54/198 (27%) —a— 0.45 0.23-0.86 0.015 0.056
Aorto-ostial lesions 6/15 (40%) 16/46 (35%) = 228 0.47-11.40 0.300 0.64
Bifurcation lesions 18/69 (26%)  24/61 (39%) —a— 038 0.15-0.94 0.036 0.36
Lesions with stent fracture 13/48 (27%)  28/85 (33%) —a— 0.62  0.23-1.57 0.310 0.49
Stent edge restenosis 7123 (30%) 14/98 (14%) —_—— 1.87  0.50-6.90 0.350 0.09
Diabetes mellitus 35/146 (24%)  49/215 (23%) —— 0.87  0.50-1.49 0.600 0.31
Haemodialysis 8/25 (32%) 18/50 (36%) —a— 0.61 0.18-1.94 0.410 0.84
Acute coronary syndrome 1122 (32%) 19/49 (39%) ——— 0.68 0.19-2.29 0.530 0.67
0.05 05 5
PCB better Repeat DES better
<—

B. Target lesion revascularisation TR

Subgroups PCB Repeat DES HR 95% CI pvalue  pfor interaction
Focal type restenosis 11/92 (12%)  25/223 (11%) — 134 0.56-3.11 0.500 0.047
Non-focal type restenosis 33/189(17%)  58/186 (31%) —a— 048  0.29-0.79 0.004 0.047
Reference diameter <3 mm 28/181(15%)  39/211 (18%) — O 070 0.39-1.26 0.240 0.67
Reference diameter >3 mm 17/100 (17%) ~ 54/198 (27%) —a— 0.58 0.29-1.14 0.116 0.67
Aorto-ostial lesions 5/15 (33%) 14/46 (30%) = 150  030-7.28 0.610 0.56
Bifurcation lesions 8/69 (12%)  20/61(33%) —a 0.18  0.06-0.52 0.001 0.03
Lesions with stent fracture 10/48 (21%)  23/85 (27%) ———— 0.57 0.20-1.53 0.270 0.79
Stent edge restenosis 6/23 (26%) 12/98 (12%) _—t0— 171 0.43-6.55 0.440 0.07
Diabetes mellitus 26/146 (18%)  35/215 (16%) 100 0.54-1.85 1.000 0.30
Haemodialysis 8/25(32%) 14/50 (28%) ;I; 100 0.29-3.26 1.000 0.40
Acute coronary syndrome 5/22 (23%) 15/49 (31%) —_—a—— 0.47 0.11-1.81 0.280 0.69

0.05 05 :
PCB better Repeat DES better

Figure 3. Comparison of binary restenosis (4) and target lesion revascularisation (B) for subgroups. CI: confidence interval;, HR: hazard ratios

repeat stenting with PES?. ISAR-DESIRE 3 showed that PCB is
not inferior to repeat stenting using PES for DES restenosis’. The
major limitations of these trials are that the restenosis treated is at
relatively low risk, and repeat stenting using PES is regarded as
a control group. Therefore, these results are not representative of
patients in the “real world”. There is no evidence as to whether PCB
is going to be able to outperform DES implantation for restenosis in
several DES in the “real world”. In this study, we compared the effi-
cacy between PCB and DES implantation with several DES for the
treatment of restenosis in several DES in an unselected and consec-
utive patient cohort. There was significantly lower acute gain and
lower late lumen loss with the PCB group compared to the repeat
DES group. In the PCB group, it was distributed primarily from 30
to 60% diameter stenosis at angiographic follow-up. In contrast, in
the repeat DES group it appeared to be a bimodal distribution. This

result was the reason why binary restenosis and TLR were numer-
ically lower with the PCB group, even though diameter stenosis
at angiographic follow-up was similar between the two groups.
Agostoni and colleagues reported that regression of neointimal vol-
ume with time may be caused by the cytotoxic effects of paclitaxel®.
In the ISAR-DESIRE 3 trial’, the angiographic restenosis rate was
27%, and the mean late lumen loss was 0.37 mm in the PCB-treated
lesion. In our study, we found the angiographic restenosis rate was
23.5%, and mean late lumen loss was 0.34+0.57 mm in the PCB
group. The results of our study were consistent with those of the
ISAR-DESIRE 3 trial®.

Logistic regression-adjusted angiographic results showed that
PCB was more effective in non-focal restenosis lesions. Some
reports suggest that focal DES restenosis may be related to mechan-
ical or technical factors such as stent fracture, localised imperfect
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drug elution, and polymer disruption, whereas diffuse DES reste-
nosis may be related to drug failure'®!". PCB allows immediate and
homogenous drug transfer to the vessel wall without any polymers,
because the absence of a stent respects the original anatomy of the
arteries. From this point of view, PCB might be more effective for
the treatment of non-focal type DES restenosis than repeat DES
implantation.

Logistic regression-adjusted angiographic results also showed
that PCB was more effective in bifurcation lesions. After repeat
stent implantation, double layers of metal at the ostium cause
a risk of reducing the side branch coronary flow. In addition, in the
cases of restenosis after culotte stenting, the main branch shows
triple layers of metal after repeat stent implantation. PCB has an
option which can approach the side branch. PCB might be more
suitable for the treatment of bifurcation lesions than repeat DES
implantation.

DES restenosis is sometimes located at the stent edges. The pre-
sent study included 140 lesions (18%) with stent edge restenosis.
In the stent edge restenosis cohort, there was a tendency towards
worse angiographic outcomes in the PCB group than in the repeat
DES group. A previous study suggested that repeat DES is superior
to balloon angioplasty in stent edge restenosis'?. No previous study
has investigated the efficacy of PCB or repeat stenting in patients
with edge restenosis. Stent edge restenosis extends outside the
stent. In non-stented vessels, negative vessel remodelling and recoil
appear to be the most relevant factors for restenosis'®. Furthermore,
excessive intimal growth and chronic stent recoil appear to be the
most relevant factors for restenosis in the aorto-ostial lesion'®. The
scaffolding properties of stents may provide a better angiographic
outcome in the restenosis caused by remodelling or recoil.

In the repeat DES group, second-generation DES were used
in 28% of lesions treated for DES restenosis. The RIBS V trial®®
reported that second-generation DES showed superiority in terms of
angiographic outcomes compared with paclitaxel-coated balloons
for BMS-ISR. In our study, the use of second-generation DES was
not associated with better angiographic outcomes for DES resteno-
sis. The effect of PCB on DES restenosis was relatively less than
that on BMS restenosis®. An analysis from the ISAR trial"® sug-
gested that drug resistance may play a role in DES restenosis. The
differences between the previous stent types may affect the results.

PCB could be used multiple times if recurrent restenosis occur-
ring after an initial restenosis was treated by PCB. From this point
of view, PCB might be the next preferred strategy for the treatment
of DES restenosis.

Study limitations
This study was not a randomised study, which might have affected
the results. As we performed propensity score matched analyses to
adjust for potential confounding factors, we were able to reduce the
treatment bias and potential confounding factors.

In our study, non-focal type restenosis was observed in 67.0%
of the PCB group, and 47.5% of the repeat DES group. The use of
PCB or DES (stent selection) was at the discretion of the operator.

The operator tended to avoid repeat stenting to treat non-focal type
restenosis. In DES restenosis, the angiographic pattern of resteno-
sis has been shown to be an important prognostic indicator. Patients
with a non-focal pattern of DES restenosis have a higher rate of
recurrent restenosis than those with a focal pattern, which carried
disadvantages for the PCB group. Multiple lesions per patient were
included, which might have affected the analysis of clinical out-
comes. The follow-up period of 12 months did not allow explo-
ration of rare events such as target lesion thrombosis. Further
long-term data are eagerly awaited. Our findings may not be gen-
eralisable to other PCB because we only used the SeQuent Please
balloon catheter.

Conclusions

In patients with DES restenosis, angiographic and clinical out-
comes in the PCB group were similar to those in the repeat DES
group. PCB seemed to offer more favourable results in non-focal
type restenosis lesions and bifurcation lesions.

Impact on daily practice

Although DES restenosis has been an important issue after per-
cutaneous coronary intervention, the optimal management of
DES restenosis remains to be established. The present study
shows that PCB is not inferior to repeat stenting for DES reste-
nosis and PCB may be more effective for the complex lesions.
The advantages of PCB for DES restenosis are that multiple
layers of metal can be avoided within the previously implanted
stent, and PCB can be used multiple times for recurrent resteno-
sis even when the previous restenosis was treated by PCB.
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Supplementary data

Online Table 1. Baseline clinical, angiographic and procedural characteristics (total population).
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Total population PCB Repeat_DES p-value Total population PGB. Repeat_DEs p-value
260 patients | 425 patients 306 lesions | 471 lesions
Age, yrs 69.2+9.9 68.6+10.9 0.42 Non-focal type restenosis, n (%) 205 (67.0) 215 (45.7) <0.001
Male gender, n (%) 195 (75.0) 331 (77.9) 0.40 Stent edge restenosis, n (%) 23(7.5) 117 (24.8) <0.001
Diabetes mellitus, n (%) 134 (51.5) 231 (54.4) 0.48 Aorto-ostial lesion, n (%) 16 (5.2) 49 (10.4) 0.01
Hypertension, n (%) 203 (78.1) 318 (74.8) 0.36 Bifurcation lesion, n (%) 76 (24.8) 63 (13.4) <0.001
Hyperlipidaemia, n (%) 159 (61.2) 258 (60.7) 0.94 Two-stent, n (%) 36 (11.8) 13(2.8) <0.001
Current smoker, n (%) 10 (3.9) 20 (4.7) 0.70 Single-stent, n (%) 40 (13.1) 50 (10.6) 0.30
Haemodialysis, n (%) 24 (9.2) 54 (12.7) 0.17 Stent fracture, n (%) 48 (15.7) 96 (20.4) 0.11
Acute coronary syndrome, n (%) 22 (8.5) 62 (14.6) 0.02 Previous DES type <0.001
Stable angina, n (%) 238 (91.5) 363 (85.4) 0.02 Paclitaxel-eluting stent, n (%) 51(16.7) 91(19.3)
Multivessel disease, n (%) 70(26.9) 98 (23.1) 0.27 Limus-eluting stent
Previous myocardial infarction, n (%) 133 (51.2) 220 (51.8) 0.94 Sirolimus-¢eluting stent, n (%) 154 (50.3) 345(73.3)
Previous bypass surgery, n (%) 23(8.9) 27 (6.4) 0.23 Zotarolimus-eluting stent, n (%) 51(16.7) 16 (3.4)
‘ 306 lesions ‘ 471 lesions ‘ Everolimus-eluting stent, n (%) 36 (11.8) 8(1.7)
Target lesion 0.14 Biolimus-eluting stent, n (%) 14 (4.6) 11 (2.3)
Left anterior descending, n (%) 121 (39.5) 157 (33.3) DES used for in-stent restenosis
Left circumflex, n (%) 48 (15.7) 63 (13.4) Sirolimus-eluting stent, n (%) - 177 (37.6)
Right, n (%) 130 (42.5) 237 (50.3) Paclitaxel-eluting stent, n (%) = 164 (34.8)
Left main trunk, n (%) 7(2.3) 14 (3.0) Everolimus-eluting stent, n (%) - 130 (27.6)
Classification of in-stent restenosis <0.001 Stent diameter (mm) - 2.97+0.39
Focal margin, n (%) 5(1.6) 87 (18.5) Stent total length (mm) - 19.7£12.5
Focal body, n (%) 96 (31.4) 169 (35.9) Multiple stents, n (%) = 36 (7.6)
Multifocal, n (%) 11 (3.6) 22 (4.7) Paclitaxel-coated balloon
Diffuse, n (%) 153 (50.0) 108 (22.9) Balloon diameter (mm) 2.88+0.44 -
Proliferative, n (%) 18 (5.9) 30 (6.4) Balloon total length (mm) 22.4+9.0 -
Occlusive, n (%) 23(7.5) 55(11.7) Multiple balloons, n (%) 16 (5.2) -
Focal type restenosis, n (%) 101 (33.0) 256 (54.4) <0.001 DES: drug-eluting stent; PCB: paclitaxel-coated balloon

Online Table 2. Quantitative coronary angiographic analysis results.

Total population PCB. Repeat.DES p-value
306 lesions | 471 lesions

Pre-procedure

Diameter stenosis (%) 71.8+17.3 70.8x17.3 0.40

Minimal lumen diameter (mm) 0.81+0.52 0.86£0.54 0.17

Reference diameter (mm) 2.89+0.43 2.99+0.48 0.001

Lesion length (mm) 17.1+8.6 15.7+11.1 0.046
Post procedure

Diameter stenosis (%) 28.8+£9.6 15.1+8.8 <0.001

Minimal lumen diameter (mm) 2.08+0.45 2.64+0.49 <0.001

Acute gain (mm) 1.27+0.62 1.78+0.66 <0.001
DES: drug-eluting stent; PCB: paclitaxel-coated balloon
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Online Table 3. Angiographic and clinical outcomes at 6 to 8-month follow-up.

Total population

PCB
260 patients
(306 lesions)

Repeat DES
425 patients
(471 lesions)

p-value

Unadjusted HR
(95% ClI)

p-value

Adjusted HR
(95% ClI)

p-value

Angiographic follow-up at 6 to 8 months (per lesion) 281/306 (91.8%) | 409/471 (86.8%)

Diameter stenosis (%) 41.8+18.5 37.2+23.8 0.005

Minimal lumen diameter (mm) 1.73+0.64 1.98+0.82 <0.001

Late luminal loss (mm) 0.34+0.57 0.68+0.76 <0.001

Binary restenosis, n (%) 66 (23.5) 106 (25.9) 0.48 1.03(0.75-1.39) 0.86 0.81(0.58-1.11) 0.19
Target lesion revascularisation, n (%) 44 (15.7) 83(20.3) 0.13 0.83 (0.57-1.19) 0.30 0.70 (0.47-1.02) 0.06
Clinical follow-up at 12 months (per patient) 258/260 (99.2%) | 422/425(99.3%)

Target lesion revascularisation, n (%) 43 (16.7) 82 (19.4) 0.41 0.84 (0.57-1.21) 0.35 0.74 (0.50-1.09) 0.13
Cardiac-related death, n (%) 0(0) 7(1.7) 0.049 - - - -
Myocardial infarction, n (%) 0(0) 1(0.2) >0.99 - - - -
Target lesion thrombosis, n (%) 0(0) 1(0.2) >0.99 - - - -
MACE, n (%) 43 (16.7) 85(20.1) 0.27 0.81 (0.56-1.16) 0.26 0.75 (0.50-1.09) 0.13

DES: drug-eluting stent; HR: hazard ratio; MACE: major adverse cardiac events; PCB: paclitaxel-coated balloon




