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Abstract
Aims: Although paclitaxel-coated balloon (PCB) angioplasty has been reported to be effective for in-stent 
restenosis (ISR) lesions, the optimal treatment for recurrent ISR lesions caused by PCB failure remains 
unclear. This study compared clinical and angiographic outcomes after everolimus-eluting stent (EES) 
implantation and repeat PCB angioplasty for PCB failure.

Methods and results: From November 2008 to July 2012, we performed PCB angioplasty for 599 ISR 
lesions, of which 93 recurrent ISR lesions underwent EES implantation (53 lesions, 52 patients) or repeat 
PCB angioplasty (40 lesions, 37 patients). The choice of treatment strategy was decided at the operator’s dis-
cretion. Angiographic outcomes were evaluated by follow-up angiography at six to eight months after proce-
dure. The baseline characteristics were similar between the two groups. At follow-up angiography (93.5% of 
all lesions), minimum lumen diameter was significantly larger and the binary restenosis rate was significantly 
lower after EES implantation than after repeat PCB angioplasty (2.08±0.79 mm vs. 1.45±0.68 mm, p<0.001; 
20.0% vs. 54.1%, p=0.001; respectively), whereas late lumen loss was not different between the two groups 
(0.49±0.62 mm vs. 0.59±0.74 mm, p=0.47). At two years, the incidences of both target lesion revascularisa-
tion (TLR) and clinically driven TLR were significantly lower after EES implantation than after repeat PCB 
angioplasty (17.9% vs. 57.5%, p=0.001; 5.9% vs. 18.1%, p=0.01; respectively).

Conclusions: EES implantation was more effective for PCB failure in preventing subsequent TLR than 
repeat PCB angioplasty because of better angiographic results.
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Introduction
In-stent restenosis (ISR) has been an important clinical problem 
in percutaneous coronary intervention (PCI) with stents. Although 
the optimal management of ISR lesions remains to be established, 
drug-eluting stent (DES) implantation has been reported to be effec-
tive1-5. Several randomised trials have recently shown that pacli-
taxel-coated balloon (PCB) angioplasty was superior to uncoated 
balloon angioplasty in the treatment of both bare metal stent and 
DES restenosis6-11. Furthermore, PCB angioplasty was equivalent 
to repeat DES implantation for the treatment of DES ISR lesions11. 
However, PCB failure has emerged as recurrent ISR after PCB 
angioplasty for ISR lesions. Currently, there are no data available to 
evaluate PCI for PCB failure, in particular regarding whether DES 
implantation or repeat PCB angioplasty is better for PCB failure.

In this study, we compared the clinical and angiographic out-
comes of the implantation of an everolimus-eluting stent (EES), the 
most widely used DES, with those of repeat PCB angioplasty for 
the treatment of ISR lesions resulting from PCB failure.

Methods
STUDY POPULATION
From November 2008 to July 2012, 1,744 consecutive ISR lesions 
were treated with PCI, of which 599 were treated with PCB angio-
plasty. Among these lesions, 121 recurrent ISR lesions after PCB 
angioplasty were treated with PCI. We enrolled 89 patients with 
93 lesions who underwent EES implantation or repeat PCB angio-
plasty for PCB failure in this single-centre study after excluding 
28 lesions which were treated with other modalities. There were 
52 patients with 53 lesions treated with EES implantation (EES 
group) and 37 patients with 40 lesions treated with repeat PCB 
angioplasty (repeat PCB group). A study flow chart of this study is 
shown in Figure 1. All patients provided informed consent for the 
procedure and for subsequent data collection.

From November 2008 to July 2012, 1,744 consecutive ISR lesions undergoing PCI

599 lesions treated first with PCB angioplasty for ISR lesions

121 lesions undergoing PCI for recurrent ISR lesions of PCB failure

Exclusion of 28 lesions which were treated with other modalities
8 lesions: balloon angioplasty

11 lesions: biolimus-eluting stent
2 lesions: paclitaxel-eluting stent
3 lesions: sirolimus-eluting stent
4 lesions: zotarolimus-eluting stent

Study population
93 recurrent ISR lesions in 89 patients

 EES implantation Repeat PCB angioplasty
 53 lesions in 52 patients 40 lesions in 37 patients

Figure 1. Study flow chart. EES: everolimus-eluting stent; 
ISR: in-stent restenosis; PCB: paclitaxel-coated balloon; 
PCI: percutaneous coronary intervention

TREATMENT STRATEGY
The choice of treatment strategy was at the operator’s discretion. 
A paclitaxel-coated PTCA balloon (SeQuent Please balloon cath-
eter; B. Braun Melsungen AG, Vascular Systems, Berlin, Germany) 
was used as the PCB. The recommended inflation time for the PCB 
was at least 30 seconds. During PCI for PCB failure, predilata-
tion was performed in all lesions. High-pressure balloon dilatation 
with a non-compliant balloon or scoring balloon dilatation using 
the Lacrosse NSE balloon catheter (Goodman Co., Ltd., Nagoya, 
Japan), the AngioSculpt® PTCA balloon catheter (AngioScore 
Inc., Fremont, CA, USA), or the Cutting Balloon catheter (Boston 
Scientific, Marlborough, MA, USA) was recommended at predila-
tation to obtain the optimal dilatation of restenotic lesions. Before 
PCI, loading doses of aspirin (200 mg) and clopidogrel (300 mg) 
were administered unless patients had previously received anti-
platelet therapy. After PCI, only patients in the DES group were 
maintained on aspirin (100 mg once daily) and ticlopidine (200 mg 
twice daily) or clopidogrel (75 mg once daily) for at least one year. 
Patients in the repeat PCB group were maintained on aspirin and 
ticlopidine or clopidogrel for at least three months.

CLINICAL FOLLOW-UP
We collected clinical data on all-cause death, cardiac death, non-
fatal myocardial infarction, stent thrombosis, and target lesion 
revascularisation (TLR). Clinical outcomes were evaluated at two 
years on a per patient basis. Clinical information was obtained 
either by reviewing hospital records or by telephone interviews 
with the patients, their family members, or their primary care phy-
sicians. Stent thrombosis was defined as definite/probable stent 
thrombosis according to the Academic Research Consortium def-
initions12. Myocardial infarction was defined as ischaemic symp-
toms and/or ischaemic change of electrocardiogram plus elevation 
of creatine kinase levels to twice the upper limit of normal, with 
a rise in creatine kinase-MB fraction. TLR was defined as either 
repeat PCI or coronary bypass grafting for restenosis or thrombosis 
of the target lesion that included the proximal and distal edge seg-
ments in coronary angiography. Clinically driven TLR was defined 
as TLR with symptoms or objective signs of ischaemia by func-
tional assessment.

ANGIOGRAPHIC FOLLOW-UP
Follow-up coronary angiography was scheduled at six to eight 
months after PCI for PCB failure, but was performed earlier 
if ischaemia was clinically indicated. Patients who underwent 
unscheduled follow-up angiography for clinical reasons within one 
year were included for serial angiographic analysis. Quantitative 
coronary angiographic analysis was performed using QCA-CMS 
(Medis Medical Imaging Systems, Leiden, The Netherlands). All 
angiograms were analysed in a random sequence by two experi-
enced observers who were blinded to the clinical characteristics of 
the patients. Angiographic measurements were obtained in multiple 
views following intracoronary nitrate injection. Reference diame-
ter, minimum lumen diameter (MLD), and diameter stenosis (DS) 
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Repeat PCI for PCB failure

were measured before and after PCI. Acute gain was the differ-
ence between post-procedural MLD and pre-procedural MLD, and 
late lumen loss was the difference between post-procedural MLD 
and MLD at follow-up. Binary ISR was defined as DS >50% by 
quantitative coronary angiographic analysis. ISR was classified as 
focal (≤10 mm in length), diffuse (>10 mm in length), proliferative 
(>10 mm in length and extending outside the stent), or occlusive 
according to the Mehran classification13.

STATISTICAL ANALYSIS
Data are expressed as mean±standard deviation for continuous vari-
ables. Values are reported as numbers with relative percentage or 
standard deviation. Continuous values were compared using an 
unpaired Student’s t-test or Mann-Whitney U test, on the basis of 
the distribution. Categorical variables were compared using a chi-
square test or Fisher’s exact test. A p-value of <0.05 was considered 
significant. The cumulative incidence of clinical events was esti-
mated by the Kaplan-Meier method, and differences were assessed 
using the log-rank test. The IBM SPSS statistical software, Version 
20 (IBM Corp., Armonk, NY, USA) was used for all statistical 
calculations.

Results
Baseline patient characteristics are shown in Table 1. The prev-
alence of diabetes was 50.0% in the EES group and 48.6% in 
the PCB group (p>0.99). The prevalence of haemodialysis was 
11.5% in the EES group and 10.8% in the PCB group (p>0.99). 
Table 2 shows the baseline lesion and procedural characteristics. 
Intravascular ultrasound guidance was used during PCI for PCB 
failure in 84.9% of the EES group and 90.0% of the repeat PCB 
group (p>0.99). A scoring balloon was used in 41.5% of the EES 
group and 50.0% of the repeat PCB group (p=0.66). Focal lesions 
constituted 49.1% of lesions with PCB failure in the EES group, 
and 45.0% of those in the repeat PCB group (p=0.66). The serial 
restenotic pattern before and after index PCB angioplasty is shown 
in Figure 2. The restenotic patterns before index PCB angioplasty 
included 33 focal lesions, 46 diffuse lesions, seven proliferative 
lesions, and seven occlusive lesions. The restenotic patterns in PCB 
failure were 44 focal lesions, 37 diffuse lesions, eight proliferative 
lesions, and four occlusive lesions. The restenotic pattern improved 
in 28.0%, remained the same in 57.0%, and became worse in 15.0% 
of lesions after index PCB angioplasty. No additional stent was 
implanted after repeat PCB angioplasty for PCB failure.

The serial angiographic results are shown in Table 3. There were 
no differences in the pre-procedural angiographic data between the 
two groups. Post-procedural DS was significantly smaller in the 
EES group (16.2±7.4%) than in the repeat PCB group (31.8±10.3%, 
p<0.001). Post-procedural MLD and acute gain were significantly 
larger in the EES group than in the PCB group (2.56±0.54 mm 
vs. 2.02±0.44 mm, p<0.001; 1.76±0.69 mm vs. 1.06±0.67 mm, 
p<0.001; respectively). Angiographic follow-up was available 
in 87 lesions (93.5%). The mean duration from procedure to fol-
low-up angiography was 228±50 days after EES implantation and 

Table 1. Baseline patient characteristics.

EES (n=52) PCB (n=37) p-value

Age, years 71.3±8.8 69.7±9.7 0.42

Male, n (%) 41 (78.8) 32 (86.5) 0.41

Coronary risk factor, n (%)

Hypertension 41 (78.8) 30 (81.1) >0.99

Dyslipidaemia 37 (71.2) 24 (64.9) 0.64

Diabetes mellitus 26 (50.0) 18 (48.6) >0.99

Insulin-dependent 9 (17.3) 6 (16.2) >0.99

History of smoking 36 (69.2) 28 (75.7) 0.63

eGFR <40 ml/min/1.73m2, n (%) 14 (26.9) 9 (24.3) 0.81

Haemodialysis, n (%) 6 (11.5) 4 (10.8) >0.99

Ejection fraction, % 57.5±12.0 57.8±11.1 0.87

Previous MI, n (%) 28 (53.8) 19 (51.4) 0.83

Previous CABG, n (%) 6 (11.5) 6 (16.2) 0.55

Body mass index >25, n (%) 12 (23.1) 15 (40.5) 0.10

Cerebral vascular disease, n (%) 1 (1.9) 4 (10.8) 0.16

Acute coronary syndrome, n (%) 3 (5.8) 0 0.26

Extent of diseased vessel, n (%) 0.47

1-vessel disease 35 (67.3) 22 (59.5)

2-vessel disease 13 (25.0) 7 (18.9)

3-vessel disease 1 (1.9) 3 (8.1)

Left main+1-vessel disease 1 (1.9) 1 (2.7)

Left main+2-vessel disease 2 (3.8) 3 (8.1)

Left main+3-vessel disease 0 1 (2.9)

CABG: coronary artery bypass grafting; EES: everolimus-eluting stent; 
eGFR: estimated glomerular filtration rate; MI: myocardial infarction; 
PCB: paclitaxel-coated balloon

227±111 days after repeat PCB angioplasty. At follow-up angiogra-
phy, MLD was significantly larger and DS was significantly smaller 
in the EES group than in the repeat PCB group (2.08±0.79 mm 
vs. 1.45±0.68 mm, p<0.001; 16.2±7.4% vs. 51.6±20.6%, p<0.001; 
respectively), whereas late lumen loss was similar between the two 
groups (0.49±0.62 mm vs. 0.59±0.74 mm, p=0.47). Furthermore, 
the binary restenosis rate was significantly lower in the EES group 

Restenotic pattern before index PCB angioplasty

Restenotic pattern of PCB failure

Focal
33 lesions

Occlusive
7 lesions

Proliferative
7 lesions

Diffuse
46 lesions

Focal
44 lesions

Occlusive
4 lesions

Proliferative
8 lesions

Diffuse
37 lesions

24 7 1 1 16 25 3 2
2 2 3 3

2
1 1

Figure 2. Serial restenotic patterns before and after index PCB 
angioplasty. PCB: paclitaxel-coated balloon
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(20.0%) than in the repeat PCB group (54.1%, p=0.001). We divided 
the lesions into focal (44) lesions and non-focal (49) lesions. The 
binary restenosis rate was similar between the focal and non-focal 
lesions in both EES (16.0% vs. 24.0%, p=0.73) and repeat PCB 
groups (56.3% vs. 52.4%, p>0.99) (p for interaction=0.50).

Table 2. Baseline lesion and procedural characteristics.

EES (n=53) PCB (n=40) p-value

Target artery, n (%) 0.66

Left main trunk 1 (1.9) 3 (7.5)

Left anterior descending artery 18 (34.0) 11 (27.5)

Left circumflex artery 9 (17.0) 5 (12.5)

Right coronary artery 24 (45.3) 20 (50.0)

Bypass graft 1 (1.9) 1 (2.5)

Index PCB angioplasty for ISR lesions

Restenotic stent type 0.65

Bare metal stent 6 (11.3) 2 (5.0)

Sirolimus-eluting stent 24 (45.3) 17 (42.5)

Paclitaxel-eluting stent 11 (20.8) 7 (17.5)

Zotarolimus-eluting stent 5 (9.4) 5 (12.5)

Biolimus-eluting stent 1 (1.9) 3 (7.5)

Everolimus-eluting stent 6 (11.3) 6 (15.0)

Prior stent size, mm 2.79±0.33 2.81±0.36 0.84

Prior stent length, mm 26.1±13.4 27.8±16.9 0.96

Max PCB size, mm 2.82±0.43 2.90±0.41 0.37

Total PCB length, mm 22.9±10.3 21.3±6.5 0.85

IVUS guidance, n (%) 38 (71.7) 28 (70.0) 0.47

Focal lesion, n (%) 23 (43.4) 10 (25.0) 0.08

Quantitative coronary angiographic data

Reference diameter, mm 2.90±0.55 2.85±0.46 0.62

Pre-procedural MLD, mm 0.70±0.50 0.71±0.53 0.91

Post-procedural MLD, mm 2.03±0.49 2.03±0.47 0.94

Pre-procedural DS, % 74.9±16.3 75.3±16.7 0.91

Post-procedural DS, % 30.6±9.3 30.1±10.6 0.80

EES implantation or repeat PCB angioplasty for PCB failure

Max stent size, mm 2.90±0.41

Total stent length, mm 19.4±10.9

Max PCB size, mm 2.98±0.42

Total PCB length, mm 24.1±8.1

Max balloon size, mm 2.99±0.53 3.01±0.54 0.44

Balloon pressure of 
predilatation, atm 23.4±4.5 22.8±4.1 0.16

Focal lesion, n (%) 26 (49.1) 18 (45.0) 0.66

Stent edge restenosis, n (%) 3 (7.5) 6 (11.3) 0.75

Aorto-ostial lesion, n (%) 7 (13.2) 3 (7.5) 0.51

Bifurcation lesion, n (%) 10 (18.9) 11 (27.5) 0.45

IVUS guidance, n (%) 45 (84.9) 36 (90.0) >0.99

Use of scoring balloon, n (%) 22 (41.5) 20 (50.0) 0.66

DS: diameter stenosis; EES: everolimus-eluting stent; 
IVUS: intravascular ultrasound; MLD: minimum lumen diameter; 
PCB: paclitaxel-coated balloon

Clinical follow-up was performed on all patients, and the median 
clinical follow-up duration was 699 days (interquartile range 406 to 
927 days). Table 4 shows the cumulative incidences of clinical out-
comes at two years. The mortality rate was 8.4% in the EES group 
and 10.7% in the repeat PCB group (p=0.72) (Figure 3). Among six 
patients who died during the study period, cardiac death occurred in 
two patients, one due to sudden death after EES implantation and 
the other due to myocardial infarction after repeat PCB angioplasty. 
During the study period, myocardial infarction due to definite stent 
thrombosis occurred in one patient at 524 days after repeat PCB angi-
oplasty for PCB failure. It occurred immediately after the surgical 
procedure with discontinuation of antiplatelet therapy. The cumula-
tive incidence of TLR at two years was significantly lower in the 
EES group (17.9%) than in the PCB group (57.5%, p=0.001). Among 
24 patients who had undergone TLR, two (8.3%) were for unstable 
angina (repeat PCB two), six (25.0%) for effort angina (EES two, 
repeat PCB four), one (4.2%) for silent ischaemia detected by non-
invasive tests (repeat PCB one), and 15 (62.5%) for restenosis at 
follow-up angiography (EES five, repeat PCB 10). In addition, the 
incidence of clinically driven TLR was significantly lower in the EES 
group (5.9%) than in the PCB group (18.1%, p=0.01).

Table 3. Serial quantitative coronary angiographic results.

EES (n=53) PCB (n=40) p-value

Pre-procedural results n=53 n=40

Reference diameter, mm 2.97±0.51 2.95±0.45 0.81

MLD, mm 0.80±0.47 0.96±0.45 0.12

DS, % 72.2±15.1 67.0±14.9 0.10

Lesion length, mm 15.7±8.2 16.7±12.9 0.08

Post-procedural results

MLD, mm 2.56±0.54 2.02±0.44 <0.001

DS, % 16.2±7.4 31.8±10.3 <0.001

Acute gain, mm 1.76±0.69 1.06±0.67 <0.001

Follow-up angiographic results n=50 n=37

MLD, mm 2.08±0.79 1.45±0.68 <0.001

DS, % 16.2±7.4 51.6±20.6 <0.001

Late lumen loss, mm 0.49±0.62 0.59±0.74 0.47

Binary restenosis rate, n (%) 10 (20.0) 20 (54.1) 0.001

DS: diameter stenosis; EES: everolimus-eluting stent; MLD: minimum 
lumen diameter; PCB: paclitaxel-coated balloon

Table 4. Cumulative incidence of clinical outcomes at 2 years.

EES (n=52) PCB (n=37) p-value

All-cause death, n (%) 3 (8.4) 3 (10.7) 0.72

Cardiac death, n (%) 1 (2.0) 1 (3.6) 0.86

Myocardial infarction, n (%) 0 1 (3.6) 0.29

Stent thrombosis, n (%) 0 1 (3.6) 0.29

TLR, n (%) 7 (17.9) 17 (57.5) 0.001

Clinically driven TLR, n (%) 2 (5.9) 7 (18.1) 0.01

EES: everolimus-eluting stent; PCB: paclitaxel-coated balloon; 
TLR: target lesion revascularisation
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Discussion
The main findings of this study were the following. 1) For PCB 
failure of ISR lesions, EES implantation was more effective in pre-
venting angiographic restenosis than PCB angioplasty, whereas late 
lumen loss was similar between the two groups. 2) EES implanta-
tion for PCB failure had better clinical outcomes than repeat PCB 
angioplasty because of the lower TLR rate.

PCB angioplasty could be a standard treatment for ISR lesions 
because the similar outcomes were obtained without the need for 
an additional metal layer compared with DES implantation. With 
the expansion of PCB treatment, PCB failure has increased and has 
become a clinically important issue. Therefore, it is necessary to 
investigate the optimal treatment for PCB failure of ISR lesions. 
This study was the first report to evaluate the clinical and angio-
graphic outcomes after PCI for PCB failure, although it was a non-
randomised comparison of the treatment selection. The binary 
restenosis rate after PCI for PCB failure was 20.0% in the EES 
group and 54.1% in the repeat PCB group. Previous studies have 
reported that the restenosis rate after the first PCB angioplasty for 
DES ISR lesions was 4 to 17%8-11. Repeat PCB angioplasty for PCB 
failure had a much higher restenosis rate than the first PCB angio-
plasty for DES ISR lesions. Late lumen loss in the repeat PCB group 
was 0.59 mm in this study, which also tended to be large compared 
with the first PCB angioplasty8-11. Repeat PCB may not provide the 
reduction in neointimal proliferation that has been shown by PCB 
for ISR lesions14. The lower efficacy of the repeat PCB would be 
associated with the difference in angiographic results between EES 
implantation and repeat PCB angioplasty. A different approach 
from that selected for the first ISR lesion would be recommended 
for the lesions with PCB failure.

The concept of drug resistance to paclitaxel has been previously 
reported15. In fact, previous studies have focused on a different 

DES approach for DES ISR lesions16-22. Among these studies, some 
reported that implantation of a different type of DES for DES ISR 
lesions had a more favourable outcome than implantation of the 
same type of DES, supporting a role of drug resistance in resteno-
sis18,20-22. This factor may affect the poorer response of repeat PCB 
for lesions with PCB failure.

In the current study, EES implantation had much higher acute 
gain than repeat PCB angioplasty. Only with balloon angioplasty 
would it be difficult to obtain a sufficient lumen area, even after 
using high-pressure balloon dilatation or scoring balloon dilata-
tion. Therefore, additional stenting may be necessary to obtain 
the optimal dilatation. Generally, late lumen loss is not a suit-
able endpoint to make a comparison between stenting and bal-
loon angioplasty because additional stenting with high acute gain 
tends to increase late lumen loss11. In a previous study comparing 
stenting with balloon angioplasty for recurrent ISR lesions, late 
lumen loss was similar, and acute gain was an important factor 
leading to favourable angiographic results of stenting23. Similarly, 
in this study, because late lumen loss was similar between the two 
groups, larger acute gain by EES implantation may also provide 
better angiographic results than repeat PCB angioplasty. PCB 
was reported to be associated with a lower TLR rate than EES 
for initial DES ISR lesions24. In this previous study, despite the 
similar pre-procedural angiographic data, post-procedural MLD 
was also similar between the two groups. Therefore, no mechani-
cal advantage of additional stenting may lead to the inferiority 
of EES. On the other hand, the RIBS V trial showed that EES 
and PCB for bare metal stent restenosis lesions provided similar 
rates of clinical and angiographic recurrences25. However, EES 
had better late angiographic results compared with PCB, prob-
ably because of larger acute gain and similar late lumen loss. 
This superiority of EES in the RIBS V trial was consistent with 
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revascularisation



e6

EuroIntervention 2
0

1
5

;10
:e

1-e
8 p

u
b

lish
ed

 on
lin

e e
-article Jan

u
ary 2

0
15

our study. Furthermore, in recurrent ISR lesions after PCB angio-
plasty compared with initial ISR lesions, optimal acute results of 
EES may be more likely to provide favourable angiographic out-
comes. Because this mechanical advantage of larger acute gain is 
common to all DES, DES implantation may generally show more 
angiographic benefits to PCB failure lesions compared with PCB 
angioplasty.

In the treatment of PCB failure, the more favourable clinical 
outcomes after EES implantation, compared with repeat PCB 
angioplasty, were driven by the lower TLR rate. The current study 
showed that EES implantation also reduced clinically driven TLR 
compared with repeat PCB angioplasty. Several large registries 
have shown that repeat DES implantation is safe and does not 
increase adverse cardiac events, including stent thrombosis4,26, 
but the adverse events after PCI for PCB failure have not been 
investigated. Despite the relatively small population of our study, 
no stent thrombosis or myocardial infarction was observed after 
EES implantation for PCB failure. From the results of this study, 
EES implantation is attractive for PCB failure of ISR lesions con-
sidering adverse cardiac events. However, re-recurrent resteno-
sis is a further problem after EES implantation for PCB failure. 
To keep implanting additional metal layers may not be routinely 
advocated in terms of multiple metal layers and a prolonged dual 
antiplatelet therapy27. If restenosis recurs after PCB angioplasty 
for an ISR lesion, PCB angioplasty can be used multiple times 
without the necessity of additional stenting, and this point is the 
chief advantage of repeat PCB angioplasty. The best method for 
the treatment of PCB failure remains unclear. This study result is 
expected to be confirmed by randomised trials or larger prospec-
tive studies.

Limitations
The present study has several important limitations. First, this is 
a retrospective, observational, single-centre study. Second, selec-
tion of treatment strategies for PCB failure was not randomised and 
depended on the operator’s discretion. EES implantation had the 
potential to be performed preferentially for PCB failure lesions at 
the stent edge and those with stent fracture. Furthermore, repeat 
PCB angioplasty may be performed preferentially for long ISR 
lesions. Because a selection bias related to the treatment strategy 
cannot be adjusted, it may have influenced our study results. Third, 
because the angiographic follow-up rate was 93.5% in this study, 
not all lesions were included in the angiographic analysis. Fourth, 
there was the possibility of a type II error in the current analyses 
because of the limited number of patients with PCB failure. Finally, 
imaging analyses using intravascular ultrasound and optical coher-
ence tomography were not performed. Because stent underexpan-
sion may be an important mechanical factor in recurrent ISR lesions 
after PCB angioplasty, the assessment of stent underexpansion by 
intravascular imaging could be important to decide whether to 
implant an additional DES. However, we have no systematic data 
of intravascular imaging to evaluate the mechanical factors which 
may affect the recurrent ISR lesion.

Conclusions
EES implantation was more effective for PCB failure in prevent-
ing subsequent TLR than repeat PCB angioplasty because of better 
angiographic results.

Impact on daily practice
PCB has been an effective treatment for ISR lesions. Recurrent 
ISR lesions caused by PCB failure do not occur frequently, but 
these lesions sometimes become clinically important problems. 
The current study clarified that EES had the lower binary reste-
nosis and TLR rate than repeat PCB in the treatment of PCB fail-
ure. These findings may be due to the suboptimal acute gain of 
PCB angioplasty compared with additional stent implantation. 
Although the advantage of PCB angioplasty is that it can be used 
multiple times without the necessity of additional metal layers, 
our study results would be helpful for considering the next opti-
mal treatment for recurrent ISR lesions caused by PCB failure.
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