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Abstract

Aims: We aimed to understand the association between stent length and clinical outcomes after percutane-

KEYWORDS
o clinical research ous coronary intervention (PCI) using newer-generation drug-eluting stents (DES).
e diffused disease

. Methods and results: We analysed 9,217 patients who underwent stenting for a single lesion from the
¢ drug-eluting stent

GRAND-DES registry, a patient-level pooled registry including five Korean multicentre DES registries.
The median follow-up duration was 730 days (interquartile range 708 to 752 days). A total of 8,035 patients
were classified into the short stenting group (<40 mm), and 1,182 into the long stenting group (>40 mm).
The primary endpoint was target lesion failure (TLF). Long stenting (>40 mm) was significantly associated
with higher TLF (IPTW adjusted HR 1.88, 95% CI: 1.67-2.13; p<0.001), and definite or probable stent
thrombosis (IPTW adjusted HR 2.20, 95% CI: 1.51-3.20; p<0.001). In the landmark analysis, the incidence
of TLF was significantly higher with long stenting during the first 30 days after PCI (log-rank p=0.001) and
also after 30 days (log-rank p<0.001). Long stenting was associated with a higher risk of early stent throm-
bosis (log-rank p=0.001), but not with that of late stent thrombosis (log-rank p=0.887).

Conclusions: In the contemporary second-generation DES era, stenting longer than 40 mm continues to be
associated with less favourable clinical outcomes such as TLF and stent thrombosis.
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Abbreviations

Cl confidence interval

HR hazard ratio

POCO  patient-oriented composite outcomes

TLF target lesion failure
TLR target lesion revascularisation
Introduction

The rate of angiographic restenosis and the need for repeat revas-
cularisation after percutaneous coronary intervention (PCI) has
reduced significantly!. At the beginning of the drug-eluting stent
(DES) era, implanting a stent covering the entire length of the lesion
was widely adopted, based on confidence in the performance of
DESs?. However, this strategy was soon discontinued, as the risk of
stent thrombosis (ST) was well recognised in first-generation DES®.
Moreover, the risk of target lesion revascularisation (TLR) was found
to be associated with stent length®. To overcome these shortcom-
ings, second-generation DESs, which had a thinner strut thickness,
advanced polymer technology (biocompatible or biodegradable),
and adjusted drug potency, were developed™”. With these second-
generation DESs, clinical outcomes after PCI such as TLR and ST
were significantly improved®. However, it is still not clear whether
the total stent length affects the clinical outcomes in the second-gen-
eration DES era. Only a few small-scale studies have reported on this
topic with controversial results>*!!. We aimed to assess the efficacy
and safety of long coronary stenting using a large-scale pooled reg-
istry, and to arrive at the optimal cut-off value for total stent length
predicting adverse outcomes in the second-generation DES era.
Editorial, see page 1297

Methods

An extended description of the methods is presented in Supple-
mentary Appendix 1.

Long stenting in the contemporary DES era

STUDY POPULATION

The GRAND-DES registry is a patient-level pooled registry con-
sisting of 17,286 patients from five Korean multicentre DES reg-
istries (Figure 1, Supplementary Appendix 1). There were no
exclusion criteria in any of the five registries except the patient’s
withdrawal of consent. To avoid any potential confounding effect
on clinical outcomes due to multiple lesions, and to reveal the
singular impact of the stent length per lesion, we included only
9,217 patients who had a single target lesion.

Each trial included in this analysis complied with the provi-
sions of the Declaration of Helsinki, and the study protocols were
approved by the institutional review board at each participating
centre. All patients provided written informed consent for partici-
pation in each study.

ENDPOINTS AND DEFINITIONS
The endpoints and definitions of this study are presented in
Supplementary Appendix 2.

STATISTICAL ANALYSIS
The statistical analysis for this study is described in Supplementary
Appendix 3.

Results

BASELINE CHARACTERISTICS

Maximally selected rank statistics revealed that the optimal total
stent length cut-off for TLF as the primary endpoint was 40 mm
(p=0.002) (Figure 2). Thus, a total stent length >40 mm was
defined as long stenting. In a total of 9,217 patients, 8,035 patients
(87.2%) belonged to the short stenting group, and 1,182 patients
(12.8%) to the long stenting group. Baseline clinical characteris-
tics are shown in Table 1. Patients in the long stenting group

were older and had a higher prevalence of diabetes, hypertension,

GRAND-DES Registry (N=17,286)

EXCELLENT RESOLUTE KOREA EXCELLENT-PRIME HOST-BIOLIMUS HOST-RESOLINTE
(2008.04~2010.05) (2009.01~2010.06) (2010.12~2012.08) (2010.03~2014.11) (2011.10~2014.07)
3,078 patients 2,007 patients 2,076 patients 3,007 patients 3,004 patients
with EES, with ZES-ER, with EES-Prime with BES with ZES-RI
2,109 patients 2,005 patients
with SES with ZES-E
4,114 patients with
first-generation DES excluded
A 4
Second-generation DES
(N=13,172)
3,955 patients with multiple
lesion stenting excluded

A

A

Single lesion stenting
(N=9,217)

Figure 1. Study flow chart.
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Figure 2. Maximally selected rank statistics to determine the optimal
cut-off for TLF.

Table 1. Baseline patient characteristics.

chronic kidney disease, and previous history of coronary artery
bypass graft, congestive heart failure (CHF), or cerebrovascu-
lar attack compared to those who received short stents. In con-
trast, the short stenting group had a higher prevalence of current
smoking and previous PCI, compared to the long stenting group.
More patients in the long stenting group were prescribed angio-
tensin receptor blockers and beta-blockers, but more in the short
stenting group took statins. The percentage of patients who were
prescribed dual antiplatelet therapy (DAPT) at discharge and each
follow-up was not significantly different between the two groups
(Supplementary Table 1).

Baseline angiographic and procedural characteristics are pre-
sented in Table 2. Total stent length was 23.3+6.7 mm versus
56.2+13.7 mm, stent diameter was 3.1+0.4 versus 3.0+0.3 mm,
and the number of stents was 1.0+0.2 versus 2.2+0.4 for the short
and long stenting groups, respectively. The long stenting group
had higher rates of left main artery disease, B2 or C lesions, cal-
cified lesions, tortuous lesions, multivessel disease, and bifurca-
tions. The lengths of stent available in our country are provided in

Supplementary Table 2.

Table 2. Baseline target lesion and procedural characteristics.

Overall
Variables Total stent length (mm) population
<40 (N=8,035) | >40 (N=1,182)| (N=9,217)

Age, years 63.3+11.1 65.5+10.8 63.6+11.1 | <0.001
Gender, male 5,631 (70.1%) 839 (71.0%) |6,470(70.2%) | 0.527
Diabetes mellitus 2,699 (33.6%) 463 (39.2%) | 3,162 (34.3%) | <0.001
Hypertension 4814 (59.9%) 751(63.5%) |5,565(60.4%) | 0.017
Dyslipidaemia 3,274 (40.7%) 486 (41.1%) | 3,760 (40.8%) | 0.809
PVD 141 (1.8%) 29 (2.5%) 170 (1.8%) 0.096
CKD 2,670 (35.4%) 453 (40.7%) | 3,123 (36.0%) | <0.001
Current smoking 2,426 (30.2%) 307 (26.0%) |2,733(29.7%) | 0.003
Previous PCI 1,375 (17.1%) 173 (14.6%) | 1,548 (16.8%) | 0.033
Previous CABG 160 (2.0%) 35 (3.0%) 195 (2.1%) 0.031
Previous MI 476 (5.9%) 72 (6.1%) 548 (5.9%) 0.820
Previous CHF 162 (2.0%) 38 (3.2%) 200 (2.2%) 0.008
Previous CVA 589 (7.3%) 112 (9.5%) 701 (7.6%) 0.009
Diagnosis

Stable angina | 2,622 (32.6%) 396 (33.5%) | 3,018 (32.7%)

Unstable angina | 2,689 (33.5%) 370 (31.3%) | 3,059 (33.2%)

NSTEMI 1,078 (13.4%) 166 (14.0%) | 1,244 (13.5%)

STEMI 1,300 (16.2%) 177 (15.0%) | 1,477 (16.0%)
LVEF (%) 58.5+14.2 56.5+11.9 58.2+13.9 | <0.001
5’4‘3{22“”0“0” €F 11659 20.6%) | 243(206%) | 1902(206%) | 0944
Medications

Aspirin 7,969 (99.3%) | 1,171(99.2%) |9,140(99.3%) | 0.804

Clopidogrel 7,845 (97.8%) | 1,161 (98.4%) | 9,006 (97.8%) | 0.170

DAPT 7,952 (99.0%) | 1,170(99.0%) |9,122(99.0%) | 0.955

Statin 7,070 (88.0%) | 1,012 (85.6%) | 8,082 (87.7%) | 0.020

ACE inhibitors | 2,579 (32.1%) 355(30.0%) |2,394(31.8%) | 0.155

ARBs 2,540 (31.6%) 424 (35.9%) | 2,964 (32.2%) | 0.003

Beta-blockers | 4,973 (61.9%) 772 (65.3%) | 5,745 (62.3%) | 0.023

CCB 2,035 (25.3%) 301 (25.5%) | 2,336 (25.3%) | 0.919

Warfarin 158 (2.0%) 28 (2.4%) 186 (2.0%) 0.358

Continuous variables expressed as meanSD. ACE: angiotensin-converting enzyme;

ARB: aldosterone receptor blocker; CABG: coronary artery bypass graft; CCB: calcium channel
blocker; CHF: congestive heart failure; CKD: chronic kidney disease; CVA: cerebrovascular
accident; DAPT: dual antiplatelet therapy; LVEF: left ventricular ejection fraction; MI: myocardial
infarction; NSTEMI: non-ST-elevation myocardial infarction; PCI: percutaneous coronary
intervention; PVD: peripheral vascular disease; STEMI: ST-elevation myocardial infarction

Total stent length (mm) Overall
Variables | 40 (N=6,035) >40 (N=1,182) ?ﬂi‘gg‘;';')‘ frvalue

otalstentlength, | 23,3467 562137 | 275136 | <0.001
Stent diameter, mm 3.1+0.4 3.0+0.3 3.1+0.6 <0.001
Stents per lesion 1.0+0.2 2.2+0.4 1.18+0.46 <0.001
Number of |1 7,728 (96.2%) 7,728 (83.8%)
stents [y 286 (3.6%) | 1,012 (85.6%) | 1,298 (14.1%)

3 21(0.3%) 145(12.3%) 166 (1.8%)

4 25(2.1%) 25(0.3%)
Left main disease 344 (4.3%) 85(7.2%) 429 (4.7%) 0.003
Type B2 or C 5,031 (62.6%) | 1,005 (85.0%) | 6,036 (65.5%) | <0.001
Calcified lesion 497 (6.2%) 149 (12.6%) 646 (7.0%) | <0.001
Tortuous lesion 1,485 (18.5%) 275(23.5%) | 1,763 (19.1%) | 0.002
Thrombus 892 (11.1%) 129(10.9%) | 1,021 (11.1%) | 0.848
revouslytreated | gsa(s1%) | 85(.2%) | 739(80%) | 0262
Bifurcation 1,682 (20.0%) 355(30.0%) | 2,037 (22.1%) | <0.001
Target LAD 4,107 (51.1%) 637 (53.9%) | 4,744 (51.5%)
vessel  Iiox | 1425(17.7%) | 108(9.1%) | 1,533 (16.6%)

RCA 2,141 (26.6%) 347 (29.4%) | 2,488 (27.0%)

LM 344 (4.3%) 85 (7.2%) 429 (4.7%)
Type of EES 2,827 (37.1%) 749 (43.7%) | 3,576 (38.8%)
stent ZES | 2729(364%) | 760 (44.3%) | 3,489 (37.9%)

BES 1,946 (25.9%) 206 (12.0%) | 2,152 (23.3%)
GP lIb/llla inhibitors 250 (3.1%) 49 (4.1%) 299 (3.2%) 0.061
IVUS 2,785 (34.7%) 554 (46.9%) | 3,339 (36.2%) | <0.001
Emergency CABG 3(0.0%) 0(0.0%) 3(0.0%) 0.506
Cardiogenic shock 33(0.4%) 11(0.9%) 44(0.5%) 0.015
BES: biolimus-eluting stent; DAPT: dual antiplatelet therapy; EES: everolimus-eluting stent;
IVUS: intravascular ultrasound; ZES: zotarolimus-eluting stent




CLINICAL OUTCOMES
The median follow-up duration was 730 days (interquartile range
708 to 752 days).

The Kaplan-Meier analysis revealed poor primary and second-
ary outcomes in the long stenting group (Figure 3, Figure 4). TLF
(8.1% vs 4.5%, log-rank p-value <0.001) as well as ST (1.0% vs
0.4%, log-rank p-value=0.010) occurred more frequently in the
long stenting group. After adjustment for potential confounders,
the risk of all clinical outcomes was still significantly higher in
the long stenting group (Table 3). These included TLF (inverse
probability of treatment weighting [[PTW] adjusted HR 1.88, 95%
CI: 1.67 to 2.13; p<0.001), cardiac death (IPTW adjusted HR
1.43, 95% CI: 1.20 to 1.70; p<0.001), target vessel myocardial
infarction (MI) (IPTW adjusted HR 2.10, 95% CI: 1.38 to 3.22;
p<0.001), clinically driven TLR (IPTW adjusted HR 2.54, 95%
CI: 2.14 to 3.01; p<0.001), patient-oriented composite outcomes
(POCO) (IPTW adjusted HR 1.48, 95% CI: 1.36 to 1.61; p<0.001),
and definite or probable ST (IPTW adjusted HR 2.20, 95% CI:
1.51 to 3.20; p<0.001). Other independent predictors of TLF were
age, diabetes, peripheral vascular disease, chronic kidney dis-
ease, previous history of MI, CHF or cerebrovascular disease,

acute MI, left main artery disease, previously treated lesion, and
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Figure 4. Kaplan-Meier curves of definite or probable stent
thrombosis (ST).

left ventricular (LV) dysfunction (Supplementary Table 3). Other
independent predictors of definite or probable ST were hyperten-
sion, acute MI, previously treated lesion (in-stent restenosis [ISR]),

Cardiac death
6~
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IS
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Figure 3. Kaplan-Meier curves of clinical endpoints including target lesion failure (TLF), cardiac death, target vessel myocardial infarction

(TVMI), and clinically driven target lesion revascularisation (TLR).
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Table 3. Clinical outcomes by total stent length.

Adjusted by inverse

. Total stent length (mm) Unadjusted Multivariate adjusted probability of treatment
Variables weights (IPTW)
<40 (N=8,035)|>40 (N=1,182)
Target lesion failure 369 (4.6%) 102 (8.6%) 1.92 (1.54-2.39) | <0.001 1.76 (1.40-2.21) | <0.001 1.88 (1.67-2.13) | <0.001
Death Cardiac death 207 (2.6%) 54 (4.6%) 1.81(1.34-2.44) | <0.001 1.61 (1.17-2.20) 0.003 1.43 (1.20-1.70) | <0.001
Non-cardiac death 131 (1.6%) 33 (2.8%) 1.75(1.19-2.56) 0.004 1.44(0.95-2.17) 0.085 1.35 (1.08-1.69) 0.009
Myocardial Al mI 61 (0.8%) 14 (1.2%) 1.53 (0.80-2.94) 0.200 1.38 (0.71-2.68) 0.350 1.36 (0.99-1.86) 0.060
infarction Target vessel MI 32 (0.4%) 9(0.8%) | 1.95(0.93-4.09) | 0076 | 1.79(0.81-3.97) | 0149 | 2.10(1.38-3.22) | <0.001
Non-target vessel MI 29 (0.4%) 5(0.4%) 1.53 (0.52-4.53) 0.440 1.26 (0.55-2.91) 0.583 | 0.74(0.45-1.23) 0.244
Revascularisation | Any revascularisation | 493 (6.1%) 111 (9.4%) 1.58 (1.29-1.94) | <0.001 1.47 (1.18-1.83) 0.001 1.58 (1.41-1.76) | <0.001
Clinically driven TLR | 171(2.1%) 52 (4.4%) 2.13(1.56-2.91) | <0.001 | 2.03(1.47-2.80) | <0.001 | 2.54(2.14-3.01) | <0.001
Clinically driven TVR | 238 (3.0%) 64 (5.4%) 1.89(1.43-2.49) | <0.001 1.82(1.36-2.42) | <0.001 | 2.21(1.91-2.57) | <0.001
POCO 823 (10.2%) 193 (16.3%) 1.65(1.41-1.93) | <0.001 1.45(1.23-1.71) | <0.001 1.48 (1.36-1.61) | <0.001
Definite or probable stent thrombosis 36 (0.4%) 12 (1.0%) 2.30(1.19-4.41) 0.013 | 2.17(1.10-4.28) 0.026 | 2.20(1.51-3.20) | <0.001
Adjusted for the following covariates: age, DM, hypertension, dyslipidaemia, PVD, CKD, current smoker, AMI, previous MI, previous CHF, previous CVA, left main disease, bifurcation lesion,
tortuous lesion, calcification lesion, previously treated lesion, and left ventricular dysfunction (EF <40%). AMI: acute myocardial infarction; CHF: congestive heart failure; CKD: chronic kidney
disease; CVA: cerebrovascular accident; DM: diabetes mellitus; EF: ejection fraction; MI: myocardial infarction; POCO: patient-oriented composite outcome; PVD: peripheral vascular disease;
TLR: target lesion revascularisation; TVR: target vessel revascularisation

and LV dysfunction (Supplementary Table 4). The difference in
stents used did not impact significantly on TLF and definite or
probable ST (Supplementary Figure 1, Supplementary Figure 2).

When the clinical outcomes were analysed according to the strat-
ified total stent length, length >40 mm was significantly associated
with a higher incidence of TLF (4.3%, 4.8%, and 8.6%, for total
stent length <20 mm, 20-40 mm, and >40 mm, respectively), car-
diac death (2.2%, 2.7%, and 4.6%), TLR (2.2%, 2.1%, and 4.4%),
and ST (0.4%, 0.5%, and 1.0%), demonstrating that total stent
length of 40 mm has a significant clinical relevance (Figure 5).

W <20 mm
H 20-40 mm
g 10 i M >40 mm
w0
D
‘é
= #x #*
2 5]
w
#*
0-
TLF cD MI TLR ST

Figure 5. Clinical outcomes according to the total stent length
divided into three groups. # p<0.05 between <20 mm and >40 mm
group; * p<0.05 between 20-40 mm and >40 mm group.

CD: cardiac death; ST: definite or probable stent thrombosis;
TLF: target lesion failure; TLR: clinically driven target lesion
revascularisation; TVMI: target vessel myocardial infarction

30-DAY LANDMARK ANALYSIS FOR TLF AND DEFINITE OR
PROBABLE STENT THROMBOSIS

The landmark analysis revealed that the incidence of TLF was signi-
ficantly higher in the long stenting group during the first 30 days

after PCI (log-rank p-value=0.001) as well as beyond 30 days
(log-rank p-value <0.001) (Figure 6). Interestingly, the incidence
of definite or probable ST was also higher in the long stenting
group in the early period (first 30 days) (log-rank p-value=0.001)
but was not significantly different between the two groups in the
late period (beyond 30 days) (log-rank p-value=0.887).

IMPACT OF OVERLAPPING STENTS ON CLINICAL
OUTCOMES

Stent overlapping rather than total stent length might affect the
outcomes after PCI. The overlapping group (total stent length
50.9£16.5 mm) showed worse clinical outcomes compared with
the non-overlapping group (total stent length 23.0+£6.5 mm) in the
overall population (Supplementary Table 5). However, long stent-
ing is closely related with stent overlapping. Stenting longer than
40 mm requires overlapping of more than two stents. Because this
raises a multicollinearity issue, we could not include the variable
of overlapping into multivariate analysis in the overall population
to determine which factor is more important between long stenting
and stent overlapping. Instead, we analysed data of the short stent-
ing group to understand the singular role of stent overlapping. The
results showed that the overlapping was not an independent pre-
dictor for any clinical outcomes (Supplementary Table 6).

Discussion
The main findings of our study are as follows: (1) the total stent
length predicting adverse clinical outcomes was above 40 mm;
(2) even in the second-generation DES era, long length of stent-
ing (>40 mm) was associated with a higher incidence of TLF
and ST; (3) stent implantation up to 40 mm was relatively safe
and effective.

In the second-generation DES era, a few small-scale studies
have been published regarding the impact of total stent length on
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Figure 6. 30-day landmark analysis for target lesion failure (TLF) and definite or probable stent thrombosis (ST).

clinical outcome. Choi et al suggested >32 mm as a definition of
long stenting based on receiver operating characteristic (ROC)
curve analysis in the entire study population including patients
receiving first- or second-generation DESs to predict TVR®.
They found that long stenting (=32 mm) was not associated with
the three-year incidence of TVR or ST in the second-generation
DES group. However, the sample size for the second-generation
DES of this study was quite limited: 1,733 for <32 mm, and
378 for 232 mm. Honda et al arbitrarily defined long stenting
as >50 mm?. The study reported long stenting (>50 mm) to be
a predictor of TLR, but not of ST (median 23-month follow-up).
However, this study also included only a small number of sub-
jects: 1,292 for <20 mm, 1,212 for 20-50, and 259 for >50 mm.
Konishi et al randomly defined long stenting as >32 mm'?. The
authors showed that long stenting (>32 mm) was not associated
with major adverse cardiac events (MACE), defined as a com-
posite of all-cause death, acute coronary syndrome, and TVR
(median 3.6 years of follow-up). The sample size was again
quite small: 186 for <32 mm and 110 for >32 mm. Furthermore,
because the endpoint was broadly defined including all-cause
death and TVR, the stent length-specific outcomes could not
be well elucidated in this study. Hiromasa et al also arbitrarily
defined long stenting as >28 mm'2. They reported a higher inci-
dence of three-year TLR in the long stenting (>28 mm) group,
but not of ST. Not many subjects were included in the study:
486 for <18 mm, 475 for 18-28 mm, 421 for >28 mm. Recently,
in the WIN-DES substudy, Chandrasekhar et al analysed the
patient-level pooled data from 14 randomised trials in women
undergoing PCI with second-generation DESs!. The results
showed that the arbitrarily selected total stent length of >27 mm
(n=1,474) was associated with an increased risk for three-year
MACE (a composite of all-cause death, M1, or TLR) and MI, but
not for cardiac death, TLR or ST.

Our large-scale study of second-generation DESs indicated that
long stenting still resulted in a higher incidence not only of TLR,
but also of ST. Interestingly, the previous studies suggested that

long stenting was not associated with an increased risk of ST in
the second-generation DES era, although the studies comprised
small sample sizes and showed controversial outcomes regarding
TLR and MACE?*!253, Qur study revealed that the incidence of
early ST was negatively affected by total stent length, but late ST
was not. Mechanically, early ST is mainly attributed to procedural
factors'. We surmise that the characteristics of lesions requir-
ing long stents or the long stenting procedure itself might make
stent optimisation difficult, resulting in suboptimal stent implanta-
tion such as underexpansion and malapposition. In contrast, stent
factors which are usually related to late ST such as incomplete
endothelialisation and delayed healing are improved in the sec-
ond-generation DESs. This might have resulted in no relationship
being seen between late ST and long stenting in our study.

Choi et al reported that IVUS-guided PCI was associated with
a lower risk of cardiac death and adverse cardiac events com-
pared with angiographic guidance in patients with complex lesions
including long lesions (implanted stent length >38 mm)®. In addi-
tion, Zhang et al recently demonstrated that IVUS-guided DES
implantation significantly improved clinical outcome in the ran-
domised all-comers ULTIMATE trial'®. In our study, the long
stenting group showed worse clinical outcomes even though IVUS
was adopted more frequently (34.7% vs 46.9%, short vs long
stenting group, p-value <0.001) (Tahle 2). However, our study did
not compare the outcomes according to the use of IVUS guidance
in the long stenting group. Our best interpretation of the data is
that the long stenting group showed worse outcomes in spite of
a higher rate of IVUS guidance.

Theoretically, thinner strut thickness and advanced polymer
technology of second-generation DESs might reduce the risk of
ST while restenosis is adequately inhibited®. Despite this sug-
gested efficacy of second-generation DESs, long stenting was still
a major prognostic determinant of poor outcomes in our study.
Some plausible causes might be surmised. First, the lesions which
need long stenting are usually more complex, such as type B2
or C lesions including left main disease, bifurcation, tortuosity,
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and calcification. Moreover, they have a higher plaque burden.
These lesion characteristics might be related to worse outcomes!'”.
However, long stenting was an important prognostic factor of
clinical outcomes after adjustment of these lesion characteristics.
Second, the risk of vascular injury is higher during implantation
of long stents. Subsequently, these technical characteristics might
result in more clinical events. Third, the patients with long lesions
have a worse cardiovascular risk profile such as old age, diabetes,
hypertension, and chronic kidney disease, as our study showed.
These risk factors are well known to cause endothelial dysfunction
and atherosclerosis and contribute to worse outcomes'!. However,
long stenting was still associated with a higher risk of TLF and
ST even after these confounding patient characteristics were sta-
tistically adjusted in our study. Fourth, stent overlapping might be
linked to clinical events. Because the longest length of a single
stent is shorter than 40 mm in most commercialised DESs, stenting
longer than 40 mm inevitably requires overlapping of two stents
or more. Riber et al reported that stent overlapping was assoc-
iated with a higher risk of TLR and poor clinical outcomes includ-
ing death or MI in the first-generation DESs (n=1,012 including
134 overlapping cases)'®. In contrast, Sgueglia et al showed that
stent overlapping was not a determinant of adverse outcomes such
as MACE, cardiac death, TVR, and ST in the second-generation
DES (n=203 including 79 overlapping cases)'. O’Sullivan et al
also reported that stent overlapping was not associated with worse
clinical outcomes including death, MI, and TVR in second-gener-
ation DESs (n=1,601 including 580 overlapping cases)®. In our
study (n=8,035 for the short stenting group, including 307 over-
lapping cases), overlapping itself was not associated with worse
clinical outcomes (Supplementary Table 6). Fifth, the improved
performance of second-generation DESs might not be adequate
to avoid clinical events in stenting longer than 40 mm for now.
Further advances regarding strut thickness, stent material, polymer
technology, drug elution and more might be necessary for success-
ful long stenting.

Limitations

There are some limitations in this study. First, our study has the
intrinsic limitations of non-randomised comparisons such as allo-
cation bias, different distribution of clinical risk factors and lesion
characteristics, and the possibility of influences from unmeasured
confounding factors, although we used Cox regression analysis
with [IPTW to overcome this intrinsic limitation. Second, our study
did not analyse the impact of lesion length, but that of stenting
length. Therefore, careful attention is necessary when interpret-
ing this study. This study does not convey that a shorter stenting
strategy is better than a long stenting one for lesions longer than
40 mm. It only indicates that careful decision making and meticu-
lous follow-up are mandatory for lesions requiring stenting longer
than 40 mm. Third, the median follow-up duration of this study
was two years. To understand the longer-term clinical relevance of
long stenting, further studies are warranted. Fourth, current guide-
lines preferentially recommend more potent P2Y , inhibitors such

as ticagrelor and prasugrel in acute coronary syndrome (ACS).
However, most of the patients with ACS in our study were pre-
scribed clopidogrel. Our results might not reflect the current prac-
tice in ACS patients well.

Conclusions

In the contemporary second-generation DES era, long stenting
(>40 mm) continues to be associated with poor clinical outcomes
such as TLF, cardiac death, TLR, and stent thrombosis. In a sit-
uation requiring stenting longer than 40 mm, understanding the
potential future risk should be carefully considered.

Impact on daily practice

In the era of second-generation DESs with thinner strut thick-
ness and advanced polymer technology, the worse clinical out-
comes in long stenting could be questioned. Our large-scale
study revealed that stenting longer than 40 mm was still assoc-
iated with poor outcomes in the contemporary DES era. Thus,
for lesions requiring stenting longer than 40 mm, intervention-
ists should keep in mind the possibility of future adverse events
after stenting and should judge the treatment plan carefully.
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Supplementary data

Supplementary Appendix 1. Full names of registries

EXCELLENT: Efficacy of XIENCE/Promus versus Cypher in rEducing Late Loss after

stENTing (NCT00698607)

RESOLUTE-KOREA: Registry to Evaluate the Efficacy of Zotarolimus-Eluting Stent

(NCT00960908)

EXCELLENT-PRIME: Efficacy and Safety of XIENCE in Coronary arEry Disease aL.L-

comers After stenting Using the PRIME Platform (NCT01605721)

HOST-BIOLIMUS: Harmonizing Optimal Strategy for Treatment of coronary artery disease

using a BIOLIMUS A9-eluting stent

HOST-RESOLINTE: Harmonizing Optimal Strategy for Treatment of coronary artery

disease using a RESOLute INTEgrity

Supplementary Appendix 2. Endpoints and definitions

The primary endpoint of this study was target lesion failure (TLF), defined as a composite of
cardiac death, target vessel myocardial infarction (MI), and clinically driven target lesion
revascularisation (TLR). The secondary endpoints included all-cause death, cardiac death,
non-cardiac death, all MI, target vessel MI, non-target vessel MI, any revascularisation, TLR,
clinically driven target vessel revascularisation (TVR), patient-oriented composite outcomes
(POCO, a composite of all-cause death, any MI, and any revascularisation), and definite or
probable stent thrombosis (ST) according to the Academic Research Consortium (ARC)
definitions. An external clinical events committee reviewed and adjudicated all relevant

medical records for any clinical events.



Supplementary Appendix 3. Statistical analysis

The cut-off for defining long stenting was estimated using maximally selected rank statistics
in R statistical software (R Foundation for Statistical Computing, Vienna, Austria). There are
several methods to find a cut-off value. A limitation of receiver operating characteristic
(ROC) curve analysis is that it does not reflect time-to-event in the cut-oft value. In contrast,
maximally selected rank statistics which find the optimal cut-off value resulting in the most
significant difference in the Kaplan-Meier curve are statistically suitable for survival analysis.

For this reason, we used maximally selected rank statistics rather than ROC curve analysis.

For baseline characteristics, data were described as numbers and frequencies for categorical
variables and as means+SD for continuous variables. Categorical variables were tested by the
%? test, and continuous variables were tested using the unpaired Student’s t-test for

comparison of two groups.

The cumulative incidences of the primary and secondary endpoints were estimated using the
Kaplan-Meier method, and the curves were compared using the log-rank test. To identify the
independent effect of long stenting and other predictors on clinical outcomes, weighted Cox
proportional hazards model analysis with inverse probability of treatment weighting was
performed using covariates, which demonstrated the difference in their distribution between
patients with short or long stenting, or were considered clinically significant. All analyses
except maximally selected rank statistics were performed using SPSS software, Version 20.0
(IBM Corp., Armonk, NY, USA). All p-values were two-sided, and a value of p<0.05 was

considered statistically significant.



Target lesion failure (TLF)

10 +
— EES

s g — zES
%3' 1 — BES
g 4.9% vs. 5.2% vs. 4.6%
2 6
v
g
2
= 4 4
=
=
E EES - ZES : HR 1.08, p=0.446
S 2- EES - BES : HR 0.94, p=0.602

ZES - BES : HR 0.87, p=0.247

0 180 360 540 720

Days from Index procedure

W Number at risk

EES 3,576 3,139 3,082 3,013 2,109
ZES 3,489 3,390 3,332 3,269 2,315
BES 2,152 2,082 1,954 1,802 1,284

Supplementary Figure 1. Kaplan-Meier curves of target lesion failure (TLF) according to stent type.

Definite or probable stent thrombosis (ST)
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Supplementary Figure 2. Kaplan-Meier curves of definite or probable stent thrombosis (ST)
according to stent type.



Supplementary Table 1. Use of dual antiplatelet therapy.

Total stent length (mm)

<40 >40 p-value
(N=1,182)
(N=8,035)
DAPT at discharge 7,952 (99.0%) 1,170 (99.0%) 0.955
DAPT at 1 year 5,673 (70.6%) 851 (72.0%) 0.325
DAPT at 2 years 3,275 (40.8%) 503 (42.6%) 0.241

DAPT: dual antiplatelet therapy



Supplementary Table 2. Length profile of stents.

Registry Stent Length (mm)
EXCELLENT XIENCEV 8,12, 15,18, 23, 28
Promus 8,12, 15, 18, 23, 28
EXCELLENT- XIENCE Prime 8,12, 15,18, 23, 28
PRIME
RESOLUTE- Resolute 8, 12, 14, 18, 24, 30, 38 (for @ 3.0, 3.5, 4.0)
KOREA
HOST- Resolute Integrity 8, 12, 14, 18, 22, 26, 30, 34 (for @ 3.0, 3.5, 4.0), 38 (for © 3.0,
RESOLINTE 3.5,4.0)
HOST- BioMatrix 8, 11, 14, 18, 23 (for @ 3.5, 4.0), 24, 28
BIOLIMUS BioMatrix Flex 8, 11,14, 18, 24, 28, 33, 36
Nobori 8, 11, 14, 18, 23 (for @ 3.5, 4.0), 24, 28




Supplementary Table 3. Independent predictors of target lesion failure (TLF).

Parameters Adjusted 95% confidence p-value
hazard ratio interval (CI)
(HR)
Age (per 10 years) 1.21 1.10-1.33 <0.001
Diabetes 1.34 1.11-1.63 0.003
Peripheral vascular disease 1.97 1.24-3.13 0.004
Chronic kidney disease 1.40 1.14-1.73 0.002
Previous myocardial infarction 1.39 1.01-1.92 0.042
Previous congestive heart failure 1.85 1.23-2.77 0.003
Previous cerebrovascular disease 1.38 1.03-1.85 0.032
Acute myocardial infarction 1.84 1.52-2.24 <0.001
Left main artery disease 2.09 1.50-2.91 <0.001
Previously treated lesion (ISR) 1.59 1.20-2.11 0.001
Left ventricular dysfunction 1.70 1.39-2.08 <0.001
(EF <40%)
Long stenting >40 mm 1.76 1.40-2.21 <0.001

Adjusted for the following covariates: age, DM, hypertension, dyslipidaemia, PVD, CKD,
current smoker, AMI, previous MI, previous CHF, previous CVA, left main disease,
bifurcation lesion, tortuous lesion, calcification lesion, previously treated lesion, and left

ventricular dysfunction (EF <40%).

EF: ejection fraction; ISR: in-stent restenosis



Supplementary Table 4. Independent predictors of definite or probable stent thrombosis.

Parameters Adjusted 95% confidence p-value
hazard ratio interval (CI)
(HR)
Hypertension 2.23 1.09-4.54 0.028
Acute myocardial infarction 2.13 1.16-3.90 0.014
Previously treated lesion (ISR) 3.06 1.51-6.18 0.002
Left ventricular dysfunction 2.26 1.23-4.13 0.008
(EF <40%)
Long stenting >40 mm 2.17 1.10-4.28 0.026

Adjusted for the following covariates: age, DM, hypertension, dyslipidaemia, PVD, CKD,
current smoker, AMI, previous MI, previous CHF, previous CVA, left main disease,
bifurcation lesion, tortuous lesion, calcification lesion, previously treated lesion, and left

ventricular dysfunction (EF <40%).

EF: ejection fraction; ISR: in-stent restenosis



Supplementary Table 5. Clinical outcomes by overlapping.

. Overlapping Adjusted
Variables
Non-overlapping Overlapping
HR -val

(N=7,728) (N=1,489) p-value
Target lesion failure (TLF) 350 (4.5%) 121 (8.1%) 1.66 (1.34-2.06) <0.001
Cardiac death 194 (2.5%) 66 (4.4%) 1.53 (1.13-2.06) 0.005
Clinically driven TLR 162 (2.1%) 61 (4.1%) 1.86 (1.37-2.53) <0.001
POCO 784 (10.1%) 232 (15.6%) 1.38 (1.18-1.62) <0.001
ST 35 (0.5%) 13 (0.9%) 1.88 (0.97-3.64) 0.062

Adjusted for the following covariates: age, DM, hypertension, dyslipidaemia, PVD, CKD, current

smoker, AMI, previous MI, previous CHF, previous CVA, left main disease, bifurcation lesion,

tortuous lesion, calcification lesion, previously treated lesion, and left ventricular dysfunction (EF

<40%).

POCO: patient-oriented composite outcome; ST: definite or probable stent thrombosis; TLR: target

lesion revascularisation



Supplementary Table 6. Clinical outcomes by overlapping in patients with total stent length <40 mm.

Variables Overlapping Unadjusted Adjusted
N”(‘,'fzvjfzzg"”g OZ;”Z‘;"?')”Q HR p-value HR p-value
Target lesion failure (TLF) 350 (4.5%) 19 (6.2%) 1.37 (0.86-2.17) 0.181 1.14 (0.70-1.85) 0.600
Cardiac death 194 (2.5%) 13 (4.2%) 1.70 (0.97-2.97) 0.065 1.15 (0.60-2.21) 0.677
Clinically driven TLR 162 (2.1%) 9 (2.9%) 1.42 (0.73-2.78) 0.306 1.16 (0.58-2.34) 0.678
POCO 784 (10.1%) 39 (12.7%) 1.26 (0.92-1.74) 0.256 1.09 (0.77-1.54) 0.621
ST 35 (0.5%) 1 (0.3%) 0.71 (0.10-5.21) 0.740 0.65 (0.08-5.02) 0.681

Adjusted for the following covariates: age, DM, hypertension, dyslipidaecmia, PVD, CKD, current smoker, AMI, previous MI, previous CHF, previous CVA,
left main disease, bifurcation lesion, tortuous lesion, calcification lesion, previously treated lesion, and left ventricular dysfunction (EF <40%).

POCO: patient-oriented composite outcome; ST: definite or probable stent thrombosis; TLR: target lesion revascularisation



