96.-88L:6-ET0C UONU3AIBIUIOINT

TETIVLIGATI3/ 20T *10d

~J
!
(=-]
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Abstract

Aims: Although the outcomes of various treatments for in-stent restenosis (ISR) after drug-eluting stent
(DES) implantation have been reported, the optimal treatment of recurrent ISR lesions after DES implanta-
tion for ISR lesions was unknown. This study compared the efficacy between DES implantation and balloon
angioplasty (BA) for recurrent ISR lesions after DES implantation.

Methods and results: From 2003 to 2010, DES were implanted in 1,101 ISR lesions, of which 148 recur-
rent ISR lesions (142 patients) were treated with BA (76 lesions, 72 patients) and DES implantation
(72 lesions, 70 patients). Clinical outcomes were evaluated for major adverse cardiac events (MACE), includ-
ing a composite of death, myocardial infarction, and target lesion revascularisation (TLR). Angiographic
outcomes were evaluated by follow-up angiography at six to eight months after procedure. At angiographic
follow-up (94.4% of all patients), the binary restenosis rate was significantly lower in DES implantation
(25.0%) than in BA (64.4%, p<0.001), whereas late lumen loss was similar between DES implantation and
BA (0.80+0.78 mm vs. 0.87+0.79 mm, p=0.60). The incidence of four-year MACE was significantly higher
in BA (75.2%) than in DES implantation (45.8%, p<0.001), mainly because of the lower TLR rate in DES
implantation (60.5% vs. 27.6%, p<0.001). Multivariate analysis revealed that BA is an independent predictor
of TLR, followed by non-focal lesion, non-intravascular ultrasound guidance, and dyslipidaemia.

Conclusions: In the treatment of recurrent ISR lesions, DES implantation is markedly more effective with

a lower incidence of TLR compared to BA.
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Introduction

Percutaneous coronary intervention (PCI) with drug-eluting stents
(DES) dramatically reduced the rates of restenosis and target lesion
revascularisation (TLR) as compared to bare metal stents'2. For in-
stent restenosis (ISR) lesions after bare metal stent implantation,
DES implantation has been reported to have better clinical and
angiographic outcomes than balloon angioplasty (BA) in some ran-
domised trials*>. Although the best management for DES ISR
lesions has not been established, repeat DES implantation has been
reported to be superior to BA in several studies®!’. Because of
immediate feasibility and safety, DES implantation is currently a
popular retreatment modality for DES restenosis. However, recur-
rent ISR after DES implantation for ISR lesions still occurs, and it
has become a clinically important problem. There are no data avail-
able on the outcomes after PCI for recurrent ISR lesions after DES
implantation for ISR lesions, because the circumstances requiring
PCI for recurrent ISR lesions are infrequent.

In this study, we compared the clinical and angiographic out-
comes between DES implantation and BA for recurrent ISR lesions
after DES implantation for ISR lesions.

Editorial, see page 781

Methods

From December 2003 to June 2010, 1,101 lesions were treated with
DES implantation for ISR lesions. Among these lesions, 169 recur-
rent ISR lesions were treated by either DES implantation or BA from
June 2004 to December 2011. We excluded 21 lesions that had
already been included in this study due to PCI for re-recurrent ISR
lesions after DES implantation for recurrent ISR lesions. Therefore,
70 patients with 72 recurrent ISR lesions treated with DES implanta-
tion and 72 patients with 76 recurrent ISR lesions treated with BA
were enrolled in this retrospective single-centre study. The flow
chart in Figure 1 describes how patients were selected for this study.
In 37 patients with 40 lesions, other treatment modalities were used

| First PCI: BMS or DES implantation

Second PCI: 1,101 lesions treated with DES implantation for
ISR lesions from December 2003 to June 2010

[ Third PCI: 169 re-ISR lesions treated with DES implantation or BA |

—>| 21 re-ISR lesions excluded because already included once in this study|
2

Study population
148 re-ISR lesions in 142 patients

A/ i

DES implantation BA
72 lesions in 70 patients 76 lesions in 72 patients

Figure 1. Study flow chart. BA: balloon angioplasty; BMS: bare
metal stent; DES: drug-eluting stent,; ISR: in-stent restenosis,

re-ISR: recurrent in-stent restenosis
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during the study period. Cutting balloon was used in one patient
(one lesion), bare metal stent in six patients (six lesions), and drug-
eluting balloon in 30 patients (33 lesions). The first PCI was defined
as a previous stent implantation before DES implantation for ISR
lesions. The second PCI was defined as DES implantation for ISR
lesions. The third PCI was defined as DES implantation or BA for
recurrent ISR lesions after the second PCI. All patients provided
informed consent for the procedure and subsequent data collection.

The choice of treatment strategy, including additional stent
implantation and IVUS usage, was decided at the operator’s discre-
tion. During PCI for ISR lesions, high-pressure balloon dilatation
was recommended using a non-compliant balloon to obtain the
optimal dilatation of stents. When implanting DES for ISR lesions,
predilatations and post-dilatations were recommended. Before
the PCI, patients were administered loading doses of aspirin (200
mg) and ticlopidine (400 mg) or clopidogrel (300 mg) unless they
had previously received antiplatelet 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, and patients in the BA group were
maintained on aspirin and ticlopidine or clopidogrel from one to
three months. Furthermore, we recommended the continuation of
both aspirin and ticlopidine or clopidogrel for more than one year
after sirolimus- and paclitaxel-eluting stent implantations to all
patients with absence of the risk of bleeding.

We collected clinical data on all-cause death, cardiac death, non-
fatal myocardial infarction, and TLR. Clinical outcomes were eval-
uated 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 physi-
cians. Major adverse cardiac events (MACE) were defined as
a composite of all-cause death, non-fatal myocardial infarction
(MI), and TLR. Stent thrombosis was defined according to the
Academic Research Consortium definitions''. MI was defined as
ischaemic symptoms and/or ischaemic change of electrocardio-
gram 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 repeated PCI or coronary bypass grafting for
restenosis or thrombosis of the target lesion that included the proxi-
mal and distal edge segments in coronary angiography.

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

before and after PCI. Late lumen loss was the difference between
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postprocedural MLD and MLD at follow-up. ISR was defined as
diameter stenosis >50% by quantitative coronary analysis. Focal ISR
lesion was defined as <10 mm in length at the body and edge of the
stent, and multifocal lesion was included in non-focal lesions!?.

Data are expressed as mean + standard deviation for continuous
variables. Values are reported as numbers with relative percentage
or standard deviation. Continuous values were compared with
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. Predictors of clinical outcomes were assessed using
a stepwise Cox proportional hazards model. First, a univariate anal-
ysis was performed. Next, variables with a probability value <0.10
were entered into a multivariate model. The cumulative incidence
of clinical events was estimated 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. There was no
significant difference in the baseline patient characteristics between
the DES and BA groups, except days from second to third PCI. The
number of days from the second to the third PCI was significantly
more in the DES group than in the BA group. Table 2 demonstrates

baseline procedural and angiographic characteristics. In more than

Table 1. Baseline patient characteristics.

Table 2. Baseline lesion and procedural characteristics.
|DES (n=72)| BA (n=76) | p-value

Target artery, n (%) 0.50
Left main trunk 2(3.1) 0
Left anterior descending artery 15(23.1) 23(29.1)
Left circumflex artery 10 (15.4) 10 (12.7)
Right coronary artery 37 (56.9) 44 (55.7)
Saphenous venous graft 1(1.5) 2(2.5)

Index stent, n (%) 0.39
Bare metal stent 44 (61.1) 52 (68.4)
Drug-eluting stent 28(38.9) 24 (31.6)

DES type Sirolimus-eluting stent 19 (26.4) 22 (28.9)
Paclitaxel-eluting stent 9(12.5) 2 (2.6)

3.00+0.47 | 3.04+0.44 0.66
28.5+18.2 | 29.5+17.5 0.72

Index stent size, mm

Index stent length, mm

CTO lesion for index PCI, n (%) 10(13.9) | 22(28.9) 0.03

DES type, n (%) 1.0
Sirolimus-eluting stent 62 (86.1) 65 (85.5)
Paclitaxel-eluting stent 10(13.9) | 11(14.5)

DES size, mm 2.97+0.36 | 2.98+0.37 0.76

DES length, mm 25.7+152 | 30.6+17.6 0.07
Balloon size at DES implantation, mm 3.07+0.46 | 3.13+0.50 0.54
Balloon pressure at DES implantation, mm 20.0+4.7 20.5+5.0 0.50
Stent fracture of DES, n (%) 17 (23.6) 16 (21.1) 0.84
Quantitative 2.56+0.40 | 2.51+0.51 0.55
coronary

angiographic | Postprocedural percent DS, | 17.0+82 | 17.2+8.8 0.88

Postprocedural MLD, mm

CABG: coronary artery bypass grafting; eGFR: estimated glomerular filtration rate;
MI: myocardial infarction; PCl: percutaneous coronary intervention

Age, years 68.5+11.4 | 69.5+10.0 | 0.57 data %
Male, n (%) 58(829) | 56(778) | 053
Coronary risk factor, | Hypertension 44 (62.9) 51(70.8) 0.37 Stent size, mm 3.05+0.40
i) Dyslipidaemia 39(557) | 32444) | 024 Total stent length, mm 208+98
Diabetes mellitus 35(50.00 | 36(50.0) 1.0 DES type, n (%) | Sirolimus-eluting stent 29 (40.3)
Insulin-dependent 11(15.7) 19 (26.4) 0.15 Paclitaxel-eluting stent | 24 (33.3)
History of smoking 43 (68.6) 46 (63.9) 0.60 Biolimus-eluting stent 5(6.9)
eGFR <40 ml/min/1.73 m? n (%) 11(15.7) 21(29.2) 0.07 Everolimus-eluting stent | 13 (18.1)
Haemodialysis, n (%) 6 (8.6) 12 (16.7) 0.21 Zotarolimus-eluting stent| 1 (1.4)
Previous MI, n (%) 38(54.3) | 32(44.4) 0.31 Different DES, n (%) 41 (56.9)
Previous CABG, n (%) 7(10.00 | 10(13.9) 0.61 Same DES, n (%) 31 (43.1)
Ejection fraction, % 53.6£12.0 | 53.4x11.1 0.93 Max. balloon size, mm 3.16+0.52 | 3.18+0.52 0.81
Cerebral vascular disease, n (%) 5(7.1) 8 (11.1) 0.56 Max. balloon pressure, atm 21.9+4.8 | 22.9+4.9 0.23
Acute coronary syndrome, n (%) 9(12.9) 13 (18.1) 0.49 Focal lesion, n (%) 34 (47.2) 45(59.2) 0.19
Extent of diseased vessel, n (%) 0.99 Total lesion, n (%) 9(12.5) 4(5.3) 0.15
1-vessel disease 52 (74.3) 53 (73.6) Ostial lesion, n (%) 14 (19.4) 14 (18.4) 1.0
2-vessel disease 15(21.4) 16 (22.2) Bifurcation lesion, n (%) 17 (23.6) 11 (14.5) 0.21
3-vessel disease 3(4.3) 3(4.2) Kissing balloon technique, n (%) 15(20.8) 9(11.8) 0.18
Days from index PCI to second PCI 903+1,070 | 780+1,038 0.49 IVUS-guided, n (%) 46 (63.9) | 40(52.6) 0.19
Days from second PCI to third PCI 997442 | 400387 0.01 CTO: chronic total occlusion; DES: drug-eluting stent; IVUS: intravascular ultrasound;

MLD: minimum lumen diameter; DS: diameter stenosis; PCI: percutaneous coronary
intervention




half of the patients in both groups, the target lesion was in the right
coronary artery. The prevalence of chronic total occlusion at the first
PCI was significantly lower in the DES group than in the BA group.
Regarding the pre-procedural morphological pattern of the third PCI,
the focal lesion was 47.2% in the DES group and 59.2% in the BA
group. In DES implantation for recurrent ISR lesions, different DES
implantation was performed in 41 lesions (56.9%). DES implanta-
tion was performed in 46 lesions (63.9%) and BA was performed in
40 lesions (52.6%) under intravascular ultrasound (IVUS) guidance.
At the first PCI, bare metal stent implantation was performed for
bare metal stent restenosis lesions in four lesions (5.6%) of the DES
group, and seven lesions (9.7%) of the BA group (p=0.53). Therefore,
the fourth stent was implanted in these lesions at the third PCI.
Serial angiographic results are shown in Table 3. Postprocedural
MLD was larger in DES implantation than in BA. Postprocedural

Table 3. Serial quantitative coronary angiographic results.

DES BA

n=72 n=16

3.04+0.47 | 3.07+0.61 |  0.80
0.85+0.60 | 0.90+0.55 |  0.59
71.5+18.8 | 70.4+16.9 | 0.70
16.310.1 | 15.0139 | 0.52
28 (38.9%) | 34 (44.7%) |  0.51
=12 | =76 |
Postprocedural MLD, mm 2.68+0.47 | 2.24+0.54 | <0.001
Postprocedural DS, % 15.2+7.7 | 26.3x11.4 | <0.001
Postprocedural MLD <2.5 mm, n (%) 21(29.2) | 57(75.0) | <0.001

p-value
Pre-procedural results

Reference diameter, mm

Pre-procedural MLD, mm

Pre-procedural DS, %

Lesion length, mm

Reference diameter <3.0 mm, n (%)
Postprocedural results

Follow-up angiographic results

1.86+0.87 | 1.34+0.78 | <0.001
1.35+0.86 | 1.16+0.68 | 031
2.09+0.78 | 1.99+0.82 |  0.66
1.49+0.85 | 1.14+0.66 |  0.07
2.12+0.79 | 1.52+0.85 |  0.002
41.4+25.6 | 57.5+23.0 | <0.001
50.5+30.1 | 60.6+22.8 | 0.12
37.3+22.5 | 46.3+21.0 |  0.02
4754285 | 58.2+23.0 | 0.11
37.1+22.7 | 56.9+23.3 | <0.001
0.80+0.78 | 0.87+0.79 |  0.60
0.77+0.81 | 0.84+0.77 | 0.74
0.81+0.78 | 0.98+0.86 |  0.47
0.80+0.78 | 0.81+0.74 |  0.96
0.80+0.79 | 0.92+0.83 |  0.50

MLD at follow-up, mm

Postprocedural MLD <2.5 mm group

Postprocedural MLD >2.5 mm group

Reference diameter <3.0 mm group

Reference diameter >3.0 mm group
DS at follow-up, %
Postprocedural MLD <2.5 mm group

Postprocedural MLD >2.5 mm group

Reference diameter <3.0 mm group

Reference diameter >3.0 mm group

Late lumen loss, mm

Postprocedural MLD <2.5 mm group

Postprocedural MLD >2.5 mm group

Reference diameter <3.0 mm group

Reference diameter >3.0 mm group

Restenosis rate, n (%) 17 (25.0) | 47 (64.4) | <0.001
Postprocedural MLD <2.5 mm group 7(33.3) | 41(71.9) 0.003
Postprocedural MLD >2.5 mm group 10(21.3) | 6(37.5) 0.32
Reference diameter <3.0 mm group 8(28.6) | 23(67.6) 0.005
Reference diameter >3.0 mm group 9(22.5) | 24(61.5) 0.001

DS: diameter stenosis; MLD: minimum lumen diameter
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diameter stenosis was lower in DES implantation. Angiographic
follow-up was available for 141 lesions (94.4%). MLD at follow-up
angiography was significantly smaller in the BA group than in the
DES group (1.34+0.78 mm vs. 1.86+0.87 mm, p<0.001), and diam-
eter stenosis at follow-up angiography was significantly higher in
the BA group (57.5+23.0% vs. 41.4+25.6%, p<0.001). Although
late lumen loss was similar between the DES and BA groups
(0.80+0.78 mm vs. 0.87+0.79 mm, p=0.60), the binary restenosis
rate was lower in the DES group than in the BA group (25.0% vs.
64.4%, p<0.001). We divided the 148 lesions into two groups
according to the size of postprocedural MLD: <2.5 mm group (78;
DES 21, BA 57), and >2.5 mm group (70; DES 51, BA 19). The
binary restenosis rate in the postprocedural MLD <2.5 mm group
was significantly higher in BA than in DES implantation (71.9% vs.
33.3%, p=0.003); however, that in the postprocedural MLD >2.5
mm group showed no significant difference between BA and DES
implantation (37.5% vs. 21.3%, p=0.32). Furthermore, when we
compared DES implantation and BA according to reference diam-
eter, <3.0 mm (62; DES 28, BA 34) and >3.0 mm groups (86; DES
44, BA 42), the binary restenosis rate was significantly higher in
BA than in DES implantation in both the <3.0 mm (67.6% vs.
28.6%, p=0.005) and the >3.0 mm (61.5% vs. 22.5%, p=0.001)
groups. The binary restenosis rate was similar between bare metal
stent and DES which had been implanted at the first PCI in both BA
(64.7% vs. 63.6%, p=1.0) and DES groups (29.5% vs. 16.7%,
p=0.38).

Clinical follow-up was obtained for all patients. The median clin-
ical follow-up duration with survival patients was 1,634 days (inter-
quartile range 1,102 to 2,010 days). Figure 2A shows the cumulative
incidence of MACE of the DES and BA groups at four years. The
incidence of MACE was significantly higher in the BA group
(75.2%) than in the DES group (45.8%, p<0.001). There was no
significant difference in the incidence of all-cause death at four
years between the BA and DES groups (30.4% vs. 21.5%, p=0.16)
(Figure 2B). The incidence of cardiac death at four years was also
statistically similar between the two groups (13.4% vs. 4.0%,
p=0.07) (Figure 2C). The causes of death are shown in Table 4.
Among 33 patients who died during the study period, cardiac death
occurred in 10 patients (30.3%), including four patients with sud-
den death, three patients with fatal arrhythmia, and three patients
with congestive heart failure. The cumulative incidence of TLR at
four years was significantly higher after BA (60.5%) than after DES
implantation (27.6%, p<0.001) (Figure 2D). The cumulative inci-
dence of TLR from one to four years was similar between the BA
and DES groups according to landmark analysis (26.0% vs. 15.4%,
p=0.21). During the study period, target lesion coronary artery
bypass grafting was performed in four patients (2.8%). Among 56
patients (BA 40, DES 16) who had undergone TLR, one (1.8%) was
for MI (BA 1), eight (14.3%) for unstable angina (BA 6, DES 2), 24
(42.9%) for effort angina (BA 19, DES 5), seven (12.5%) for silent
ischaemia detected by non-invasive tests (BA 4, DES 3), and 16
(28.6%) for restenosis at follow-up angiography (BA 10, DES 6). In
the DES group, there was no difference in the incidence of TLR
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Figure 2. The Kaplan-Meier curves of the four-year clinical outcomes after PCI for re-ISR lesions after DES implantation for ISR lesions.

A) Cumulative incidence of MACE after DES implantation and BA for re-ISR lesions. B) Cumulative incidence of all-cause death after DES
implantation and BA for re-ISR lesions. C) Cumulative incidence of cardiac death after DES implantation and BA for re-ISR lesions.

D) Cumulative incidence of TLR after DES implantation and BA for re-ISR lesions. BA: balloon angioplasty;, DES. drug-eluting stent;

ISR: in-stent restenosis;, MACE: major adverse cardiac events, PCI: percutaneous coronary intervention, re-ISR. recurrent in-stent restenosis,

TLR: target lesion revascularisation

between the same DES and the different DES implantations (30.2%
vs. 28.0%, p=0.35). The incidence of non-fatal MI was similar
between the two groups (1.5% vs. 5.9%, p=0.50). During the fol-
low-up period, definite stent thrombosis occurred in one patient
after BA for a recurrent ISR lesion as late stent thrombosis (after
330 days). No stent thrombosis was observed after DES implanta-
tion for recurrent ISR lesions.

The patient subgroups (focal and non-focal patterns) were evalu-
ated separately. The focal lesion group included 78 patients (DES,
33; BA, 45), and the non-focal group included 64 patients (DES,
37; BA, 27). Among patients with focal lesions, the incidence of
TLR at four years was significantly higher in the BA group (53.2%)
than in the DES group (19.8%, p=0.005) (Figure 3A). Among

patients with non-focal lesions, the incidence of TLR at four years
was also higher in the BA group (72.2%) than in the DES group
(37.2%, p<0.001) (Figure 3B).

A stepwise Cox proportional hazards model was used to iden-
tify independent predictors of TLR after PCI for re-ISR lesions
(Table 5). The multivariate analysis shows BA was the most
important predictor of TLR (hazard ratio [HR] 4.11, 95% confi-
dence interval [CI]: 2.22-7.63, p<0.001). Other predictors of TLR
were non-focal lesion (HR 1.88, 95% CI: 1.09-3.22, p=0.02) and
dyslipidaemia (HR 1.85, 95% CI: 1.06-3.24, p=0.03). IVUS guid-
ance was a negative predictor of TLR after PCI for recurrent ISR
lesions (HR 0.54, 95% CI: 0.31-0.92, p=0.02). Within the IVUS
guidance group, there was no significant difference in the



Table 4. Causes of death.

Cardiac death 10 (30.3%)
Sudden death 4
Fatal arrhythmia 3
Congestive heart failure 3

Non-cardiac death 22 (66.7%)
Malignant tumour 8
Infectious disease 6
Cerebral haemorrhage 2
Suffocation 2
Liver failure 2
Chronic lung disease 1
Hypoglycaemia 1

Unknown 1 (3.0%)

Table 5. Multivariate Cox proportional hazard analysis of the
predictors for target lesion revascularisation.

Balloon angioplasty 4.11 (2.22-7.63) <0.001
Non-focal lesion 1.88 (1.09-3.22) 0.02
IVUS-guided PCI 0.54 (0.31-0.92) 0.02
Dyslipidaemia 1.85 (1.06-3.24) 0.03
IVUS: intravascular ultrasound; PCI: percutaneous coronary intervention

incidence of TLR between the DES and BA groups (43.9% vs.
60.5%, p=0.15). The incidence of TLR was markedly lower in the
DES group than in the BA group within the non-IVUS guidance
group (61.0% vs. 18.5%, p<0.001).
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Discussion

The main findings in this study were as follows: (1) for recurrent
ISR lesions after DES implantation for ISR lesions, DES implanta-
tion had better outcomes than BA, mainly because of a higher TLR
rate in BA whether the recurrent ISR pattern was focal or non-focal,
(2) although late lumen loss was similar between the two groups,
the angiographic restenosis rate after PCI for recurrent ISR after
DES implantation was significantly lower in DES implantation
than in BA; (3) IVUS-guided PCI was associated with a lower TLR
rate after PCI for recurrent ISR lesions, particularly after DES
implantation.

Although the outcomes of various treatments for ISR lesions
after DES implantation have been shown in several studies”, the
outcomes after PCI of recurrent ISR lesions after DES implanta-
tion for ISR lesions have not been reported adequately because of
the small population of recurrent ISR lesions and difficulties in
clinical follow-up. The mortality rate and the incidence of cardiac
death following PCI for recurrent ISR lesions were statistically
similar between the BA and DES groups in our study, and this
trend is the same as that observed in previous studies which evalu-
ated clinical outcomes after PCT for ISR lesions®!°. In this study,
the mortality rate was high compared with the previous studies
which evaluated the long-term clinical outcomes after PCI for ISR
lesions®!®13, The patients with recurrent ISR lesions tend to have a
high prevalence of prior MI, low ejection fraction, severe renal
insufficiency, and especially haemodialysis. Therefore, the high
mortality rate in our study was influenced by the poorer patient
backgrounds of those with recurrent ISR lesions, compared with
those with ISR lesions.

Previous studies have shown that repeat DES implantation for
DES ISR lesions has lower TLR compared with BA for short or
long-term follow-up*’'°. Our study demonstrated that DES
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Figure 3. Kaplan-Meier curves of four-year TLR after PCI for re-ISR lesions after DES implantation for ISR lesions according to the
morphological patterns. A) Cumulative incidence of TLR after DES implantation and BA for re-ISR lesions in focal lesions. B) Cumulative

incidence of TLR after DES implantation and BA for re-ISR lesions in non-focal lesions. BA: balloon angioplasty; DES. drug-eluting stent;
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implantation for recurrent ISR lesions had a lower incidence of
TLR than BA. Although the incidence of TLR after DES implanta-
tion for recurrent ISR lesions in our study was similar to that for
ISR lesions in a previous study, the incidence of TLR after BA for
recurrent ISR lesions in our study was markedly higher than that for
ISR lesions in a previous study’. As TLR repeats any number of
times, the efficacy of BA may decrease compared with that of DES
implantation due to the difficulty in obtaining sufficient lumen area
by only BA, and the advantage of DES for recurrent ISR lesions
would be high compared with that for ISR lesions. A previous small
study, which had shown favourable clinical and angiographic out-
comes after the third stent implantation for recurrent ISR lesions,
was consistent with our current findings'* and, consequently, addi-
tional stenting for recurrent ISR lesions was superior to BA. On the
other hand, repeat DES implantation may be considered to have a
higher risk of MI or stent thrombosis compared with BA'S. However,
no stent thrombosis following DES implantation for recurrent ISR
lesions was observed. While our study population was relatively
small, DES implantation could be recommended for recurrent ISR
lesions after DES implantation for ISR lesions considering the
unexpected adverse clinical events. After PCI for recurrent ISR
lesions, because it is unclear whether further additional stenting is
the right way or not, another alternative modality which obtains
results equivalent to or better than DES implantation is eagerly
awaited. The efficacy of a drug-eluting balloon for DES ISR lesions
has been reported'®!”. A recent study reported that a paclitaxel-elut-
ing balloon had a smaller late lumen loss than BA and the same effi-
cacy as a paclitaxel-eluting stent'®. Better outcomes can be expected
with the use of a paclitaxel-eluting balloon for recurrent ISR lesions
compared with BA; however, further studies making comparisons
with DES are required. In several previous studies, the clinical out-
comes were reported to differ according to the morphological pat-
tern of the lesion®1%131%2° Regarding PCI for recurrent ISR lesions,
the superiority of DES implantation over BA was shown to be con-
sistent in the current study, whether the morphological pattern was
focal or non-focal. Our study also revealed that non-focal lesions
were associated with the incidence of TLR in multivariate analysis.
The morphological pattern predicts the outcomes in patients with
recurrent ISR, similar to ISR lesions.

The current study showed angiographic results after PCI for
recurrent ISR lesions with a high angiographic follow-up rate. In
previous studies, late lumen loss and restenosis rate after DES
implantation and BA for DES ISR lesions varied greatly in each
study”?!. In our study, late lumen loss after PCI for recurrent ISR
lesions had a higher trend than that for ISR lesions. Interestingly,
although reference diameter and late lumen loss after DES implan-
tation were similar to those after BA for recurrent ISR lesions in our
study, postprocedural MLD and the binary restenosis rate were
markedly lower in the DES group. From these data, the lumen area
after PCI for recurrent ISR lesions may be an important factor
affecting restenosis and TLR. In fact, although DES implantation
had better angiographic results than BA in both smaller and larger
reference diameter groups, the restenosis rate was considerably

lower in DES implantation in the smaller postprocedural MLD
group and was similar in the larger postprocedural MLD group.
These findings suggest that a larger acute gain and postprocedural
lumen area by DES implantation were associated with a lower
restenosis rate regardless of the reference vessel size. DES implan-
tation should be recommended in residual stenosis lesions only
after balloon dilatation.

Predictors of TLR after PCI for recurrent ISR lesions were shown
in the present study. After PCI for ISR lesions, it was reported
that BA, diffuse ISR pattern, and haemodialysis were the independ-
ent predictors of TLR in multivariate analysis of previous stud-
ies”1322, Some predictors are common to the predictors of TLR after
PCI for ISR and recurrent ISR lesions. In our study, it was notable
that IVUS guidance was beneficial in reducing TLR after PCI for
recurrent ISR lesions, particularly in the DES implantation cases.
IVUS has been reported to be associated with better early and long-
term clinical outcomes?. Regarding ISR lesions, a few case reports
have demonstrated the usefulness of IVUS-guided PCI**. The pre-
vention of stent underexpansion by IVUS guidance may lead to bet-
ter clinical outcomes after DES implantation for recurrent ISR
lesions; however, [IVUS-guided PCI may be of limited effective-
ness in BA for recurrent ISR lesions. A recent study reported that a
different DES implantation for DES ISR lesions had a more favour-
able outcome than the same DES implantation®. However, this fac-

tor was not associated with the incidence of TLR in our study.

Limitations

This study has several important limitations. First, this is a retro-
spective, observational, and single-centre study. Second, selection
of treatment strategies for recurrent ISR lesions was not randomised
and depended on the operator’s discretion. However, it may be pos-
sible that the recurrent ISR lesions at the stent edge and those with
stent fracture could be selected for DES preferentially. A selection
bias of the treatment strategy might have influenced our study
results. Third, although periprocedural IVUS findings may have
influenced the treatment strategy, IVUS findings were not evalu-
ated in this study. Finally, the BA group did not include cutting bal-
loon and drug-coated balloon angioplasty. Nonetheless, our study is
a novel report about the clinical outcomes of PCI for recurrent ISR

lesions.

Conclusion

In conclusion, DES implantation is markedly more effective than
BA in the treatment of recurrent ISR lesions after DES implantation
for ISR lesions, mainly because of the lower TLR rate, irrespective
of the morphological pattern.
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