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Abstract

Aims: The aim of the study was to evaluate predictors of recurrent restenosis after second-generation drug-

KEYWORDS
oI Sl eluting stent (DES) implantation for in-stent restenosis (ISR) of DES.
e drug-eluting stent

] . Methods and results: We retrospectively investigated 228 consecutive patients undergoing second-gen-
¢ in-stent restenosis

eration DES implantation for ISR of DES. There were 285 lesions in total and the implanted stents were as
follows: biolimus-eluting stent, 71; everolimus-eluting stent, 214. We performed eight-month follow-up on
241 lesions (84.6%). The primary angiographic endpoint was binary restenosis, which was defined as >50%
stenosis at follow-up angiography. Of the 241 lesions, recurrent restenosis was documented in 54 lesions
(22.4%), and target lesion revascularisation was performed in 39 lesions (16.2%). Multivariate analysis
showed that small vessel (odds ratio [OR] 2.21; 95% confidence interval [CI]: 1.12 to 4.40; p=0.02) and
non-focal type restenosis (OR 2.78; 95% CI: 1.36 to 5.78; p=0.0048) were independent predictors of recur-
rent restenosis. The type of second-generation DES, whether a biolimus-eluting stent or an everolimus-elut-
ing stent, did not affect the angiographic outcomes (OR 0.80; 95% CI: 0.37-1.78; p=0.58).

Conclusions: Small vessel and non-focal type restenosis are predictors of recurrent restenosis after sec-
ond-generation DES implantation for ISR of DES.
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Abbreviations

BES biolimus-eluting stent
DES drug-eluting stent

EES everolimus-eluting stent
ISR in-stent restenosis
Introduction

Drug-eluting stents (DES) have substantially reduced the revas-
cularisation rate in de novo lesions, and outcomes have been fur-
ther improved with the advent of second-generation DES. In-stent
restenosis (ISR) remains a significant clinical issue after DES
implantation. The treatment outcome of patients with ISR lesions
is worse than that of patients with de novo lesions.

It has been reported that the rate of target lesion revasculari-
sation is about 15% and that of target vessel revascularisation
about 22% one year after treatment of ISR of DES', and sec-
ond-generation DES are superior to first-generation DES in the
treatment of ISR of DES®’. We sought to evaluate predictors of
recurrent restenosis after second-generation DES implantation
for ISR of DES.

Methods

ETHICS

The study was carried out in accordance with the provisions of
the Declaration of Helsinki and the guidelines for epidemiological
studies issued by the Ministry of Health, Labour, and Welfare of
Japan, and has been approved by the institutional review board of
Kurashiki Central Hospital. All patients provided informed con-
sent for both the procedure and subsequent data collection and
analysis for research purposes.

PATIENT POPULATION

We retrospectively investigated 228 consecutive patients undergo-
ing second-generation DES implantation for ISR of DES between
January 2010 and November 2012 (285 lesions: biolimus-elut-
ing stent [BES], 71; everolimus-eluting stent [EES], 214). We
performed eight-month follow-up angiography on 241 lesions
(84.6%). The 241 lesions were classified into two groups accord-
ing to the presence or absence of recurrent restenosis. Fifty-four
lesions had recurrent restenosis. We compared patient and lesion
characteristics between the above-mentioned two groups.

PROCEDURES

We performed predilatation on all ISR lesions. Two types of sec-
ond-generation DES, BES (Nobori®; Terumo, Tokyo, Japan) and
EES (XIENCE V® and XIENCE PRIME®; Abbott Vascular, Santa
Clara, CA, USA), were used. Available BES were 8 to 28 mm in
length and 2.5 to 3.5 mm in diameter. Available EES were 8 to
38 mm in length and 2.5 to 3.5 mm in diameter. The choice of
stent type was at the operator’s discretion. All patients were pre-
treated with aspirin (100 mg daily) and clopidogrel (75 mg daily).
Aspirin treatment was maintained lifelong. Clopidogrel treatment
was recommended for at least eight months.

ANGIOGRAPHIC ANALYSIS

Coronary angiography was performed serially at baseline (before
and after procedure) and at eight-month follow-up. Quantitative
coronary angiography (QCA) analysis was performed with QCA-
CMS (Medis medical imaging systems, Leiden, The Netherlands).
All angiograms were analysed in a random sequence by two expe-
rienced observers who were blinded to the clinical characteris-
tics of the patients. Coronary angiograms in multiple views were
obtained after intracoronary nitrate injection. Reference diameter,
minimal lumen diameter, percentage diameter stenosis, and lesion
length were measured before and after procedure, and at eight-
month follow-up.

DEFINITIONS

Binary restenosis was defined as >50% stenosis inside the stent or
within margins 5 mm proximal or distal to the stent at follow-up
angiography. ISR was classified according to the Mehran classi-
fication®, and this study defined non-focal type as type ID, pat-
terns 11, III, and IV. Target lesion revascularisation was defined
as repeat percutaneous coronary intervention or aortocoronary
bypass surgery due to angiographic restenosis (>50%) associ-
ated with symptoms or objective signs of ischaemia. A bifurcation
lesion was defined as a lesion in a branch whose vessel size was
>2.0 mm.

STATISTICAL ANALYSIS

Data are expressed as meantstandard deviation for continuous
variables. We compared the differences between patients with and
without recurrent restenosis using the t-test for continuous data
and the ¥ test for categorical data. Stepwise multivariable logis-
tic regression analysis was applied to individuate the variables
independently associated with recurrent restenosis. Multivariable
analysis was selected if the variables were shown to affect depend-
ent variables in a univariate analysis or if they were empirically
known to have predictive values as follows: non-focal type reste-
nosis, small vessel (reference diameter <2.5 mm), dialysis, bifur-
cation, acute coronary syndrome, chronic total occlusion, and
diabetes mellitus. P-values of less than 0.05 were considered to
be statistically significant. JMP 9 (SAS Institute Inc., Cary, NC,
USA) was used for all statistical calculations.

Results
BASELINE AND PROCEDURAL DATA
Table 1 shows baseline characteristics of the 228 patients includ-
ing those with hypertension, 182 (63.9%); diabetes mellitus, 121
(42.5%); dyslipidaemia, 146 (51.2%); and dialysis, 41 (17.9%).
The rates of the following two factors were significantly higher
in the BES group: bifurcation lesion (45.1% vs. 17.3%, p<0.001);
reference diameter (3.30+0.59 mm vs. 2.97+0.50 mm, p<0.001).
The rate of 2.5 mm stent use was significantly higher in the EES
group (19.7% vs. 38.8%, p=0.004).

Figure 1 shows the lesion sites of ISR as follows: left main
trunk, 35 (12.3%); left anterior descending, 79 (27.7%); left



Table 1. Baseline characteristics.

Lesion, number | Total (285)| BES (71) | EES (214) | p-value

Restenosis after DES implantation for DES-ISR

circumflex artery, 34 (11.9%); right coronary artery, 133 (46.7%);
and graft, 4 (1.4%). The right coronary artery accounted for the
major portion of the ISR sites.

Age, yrs 69.3+11.2 | 69.3+12.7 | 69.3+10.7 | 0.91
Men 234(82.1)| 60(84.5)| 174 (81.2)| 0.60 Figure 2 shows the previously deployed stent as follows:
Diabetes mellitus | 121 (42.5)| 34 (47.9)| 87 (40.6)| 0.33 sirolimus-eluting stent, 164 (57.5%); paclitaxel-eluting stent, 51
Hypertension 182 (63.9)| 49 (69.0)| 133 62.1)| 0.32 (17.9%); zotarolimus-eluting stent, 13 (4.6%); BES, 22 (7.7%);
B 146 51.2)| 38(53.5)| 108 (50.5)| 0.68 and EES, 35 (12.3%). Sirolimus-eluting stents accounted for the
CurTent smoker 11 3.86) 2 (2.82) 9.20)| 074 major portion of the ISR sites. In treating ISR of EES, BES were
Dialysis 41(14.3)] 10(14.1)| 31(14.5)] 1.00 more frequently deployed than EES.
Acute coronary Figure 3 shows the angiographic patterns of ISR as follows:
syndrome 45(16.0)| 10(14.5)| 35(16.8) 0.71 focal type (55.8%) and non-focal type (30.5%). Focal body type
Bifurcation lesion | 69 (24.2)| 32 (45.1)| 37(17.3)|<0.001 | IC was observed most frequently in both BES and EES.
Reference diameter,
mm 3.06:0.54 13.30:0.59 1 2.9720.50 |<0.001 | £6) | ow.UP AND RECURRENT RESTENOSIS
Lesion length, mm | 18.4+15.8 | 16.6+16.6 | 19.0£15.5 | 0.28 We performed eight-month follow-up angiography on 241
Non-focal lesion 132 (46.3)| 28(39.4)| 104 (48.6)| 0.22 (84.6%) of the 285 lesions. Of the 241 lesions, recurrent resteno-
Chronic total 32 (11.2) 9(12.7) 23107 0.67 sis was documented in 54 (22.4%): type IB, 6 (11.1%); type IC, 23
Eeelrsion (42.6%); pattern 11, 19 (35.2%); pattern 111, 2 (3.7%); and pattern
25 T7) ST ACs) Lo ey S GEE)) 0100 1V, 4 (7.4%), and angiographically driven target lesion revasculari-
Data are shown as n (%) unless otherwise indicated. sation was performed in 39 lesions (16.2%).
Total (n=285) BES (n=71) EES (n=214)
46.1% 1-‘1‘% 3% . 461% 1'1 T 338% 3% Y M%

11.9%

Mivt MLAD

1.0%

Lcx MRrca

12.7% 13.6%

graft

Figure 1. Lesion sites of in-stent restenosis. The right coronary artery accounted for the largest portion of the in-stent restenosis sites.

BES: biolimus-eluting stent; EES: everolimus-eluting stent; LAD: left anterior descending; LCX: left circumflex artery; LMT: left main trunk;

RCA: right coronary artery
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Figure 2. Stent types of in-stent restenosis. Sirolimus-eluting stents accounted for the largest portion of the in-stent restenosis sites. In treating

in-stent restenosis of everolimus-eluting stents, biolimus-eluting stents were more frequently deployed than everolimus-eluting stents.

BES: biolimus-eluting stent; EES: everolimus-eluting stent; PES.: paclitaxel-eluting stent; SES: sirolimus-eluting stent; ZES: zotarolimus-

eluting stent
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Figure 3. Angiographic patterns of in-stent restenosis. The angiographic patterns are based on the Mehran classifications. Focal body type IC

was observed most frequently in both biolimus-eluting and everolimus-eluting stents. BES: biolimus-eluting stent; EES: everolimus-eluting stent

UNIVARIATE ANALYSIS

As shown in Table 2, the 241 lesions undergoing follow-up angio-
graphy were classified as recurrent restenosis (54 lesions) and
non-recurrent restenosis (187 lesions). There were no significant
differences in baseline characteristics such as hypertension, cur-
rent smoker, dialysis, diabetes mellitus, and acute coronary syn-
drome between the two groups. The rates of the following three
factors were significantly higher in the recurrent restenosis group:
dyslipidaemia (68.5% vs. 48.2%, p=0.01); non-focal type reste-
nosis (61.1% vs. 41.7%, p=0.01); and 2.5 mm stent (46.3% vs.
31.0%, p=0.048).

MULTIVARIATE ANALYSIS

As shown in Table 3, small vessel (odds ratio [OR] 2.21; 95%
confidence interval [CI]: 1.12 to 4.40; p=0.02) and non-focal type
restenosis (OR 2.78; 95% CI: 1.36-5.78; p<0.05) were independ-
ent predictors of recurrent restenosis. The type of second-genera-
tion DES, whether BES or EES, may make no difference to the

Table 2. Univariate analysis.

Recurrent restenosis

Lesion, number Yes (187) No (54) p-value
Age, yrs 69.9+10.6 | 67.0£9.77 0.06
Men 149 (79.7) 45 (80.5) | 0.69
Diabetes mellitus 77 (41.2) 23 (42.6) | 0.88
Hypertension 137 (73.2) 38(70.4) | 0.73
Dyslipidaemia 128 (68.5) 26 (48.2) | 0.01
Current smoker 5(2.67) 2(3.70) | 0.20
Dialysis 22 (11.8) 11 (20.4) | 0.12
Acute coronary syndrome 32(17.1) 7 (13.0) 0.54
Bifurcation lesion 43 (23.0) 18 (33.3) | 0.15
Reference diameter, mm 3.07+0.52 | 2.98+0.59 0.27
Non-focal lesion 78 (41.7) 33(61.1) | 0.01
Chronic total occlusion 18 (9.63) 6(11.1) | 0.80
2.5 mm stent 58 (31.0) 25(46.3) | 0.048
Data are shown as n (%) unless otherwise indicated.

Table 3. Multivariate analysis.

Odds ratio | 397 confidence | o
interval

Non-focal type restenosis 2.78 1.36-5.78 0.0048
zg‘%”rxﬁf)se' (G (ETE | 5 o 112440 | 0.02
Dialysis 2.20 0.90-5.20 0.08
Bifurcation 1.86 0.89-3.82 0.09
Acute coronary syndrome 1.91 0.75-5.40 0.18
Chronic total occlusion 1.95 0.66-6.40 0.23
Everolimus-eluting stent 0.80 0.37-1.78 0.58
Diabetes mellitus 1.14 0.60-2.22 0.69

angiographic outcomes (OR 0.80; 95% CI: 0.37-1.78; p=0.58).
However, this result should be interpreted with caution because
the available lengths of BES and EES were different.

Discussion

Our results suggest that small vessel and non-focal type resteno-
sis have a major impact on the risk of recurrent restenosis after
second-generation DES implantation for ISR of DES. The type of
second-generation DES, whether BES or EES, did not affect the
angiographic outcomes. The ISR rate in de novo lesions has sub-
stantially decreased by using second-generation DES compared
with first-generation DES. Byrne et al showed that the incidence
of recurrent restenosis when using first-generation DES in the
treatment of ISR of DES was 24.0%’, whereas that in the present
study using second-generation DES was 22.4%, and the rate of tar-
get lesion revascularisation was 16.2%. Thus, the efficacy of DES
implantation for ISR of DES may not be notably different between
first- and second-generation DES. The prognosis of ISR is reported
to be worse with DES than with BMS due to drug-specific factors
such as hypersensitivity, inflammation, and neoatherosclerosis'®.

In the present study, small vessel and non-focal type restenosis
were independent predictors of recurrent restenosis, as described
in the previous report on first-generation DES implantation for
ISR of DES'". Patients with small vessels had several clinical



characteristics such as a higher prevalence of diabetes mellitus,
multivessel disease, and chronic occlusions, which are often asso-
ciated with a poorer outcome after DES implantation. Stent over-
lap in a long lesion can easily cause inflammation and uneven
drug distribution. An occluded lesion may result in stent malex-
pansion due to organised thrombus. Because the struts of EES are
thinner than those of BES, using EES seems to be more suitable
for treating ISR lesions, especially for those with small vessels.
Our study was unable to confirm that there were no significant
differences between EES and BES because of the small numbers
involved and the differences in the available stent lengths.
Recently, drug-coated balloons (DCB) have emerged as a poten-
tial alternative to the current treatment of ISR'?. Although both
DES and DCB are recommended for the treatment of ISR of DES,
the RIBS IV study, a recent randomised controlled study based on
relatively simple angiographic scenarios, demonstrated that EES
implantation provided long-term clinical and angiographic results
superior to DCB angioplasty'®, whereas Habara et al reported the
inferiority of DES implantation to DCB angioplasty in the treat-
ment of non-focal type DES restenosis'*. The strategy selection
according to the lesion characteristics may be important.

Limitations

First, this is a single-centre, small-scale, highly selective and
retrospective study. However, this study is valuable because we
included all consecutive patients undergoing second-generation
DES implantation for ISR of DES, and serial clinical and angio-
graphic outcomes with a high follow-up rate were obtained.
Second, intravascular ultrasound was not used in any patient at the
time of DES implantation. Finally, the available lengths of BES
and EES were different. Hence, the results may be biased.

Conclusion
Small vessel and non-focal type restenosis are predictors of recurrent
restenosis after second-generation DES implantation for ISR of DES.

Impact on daily practice

More attention should be paid to small vessel and non-focal
type restenosis when performing second-generation DES
implantation for ISR of DES to reduce the incidence of recur-
rent restenosis.
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