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Abstract
Aims: It has not been known which two-stent technique is best for treating bifurcation lesions. We aimed to
compare the outcomes from main vessel (MV) first and side branch (SB) first techniques for patients with
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bifurcation lesions requiring a two-stent approach.

Methods and results: A total of 673 patients with bifurcation lesions were treated with two-stent tech-
niques: MV first (n=250) or SB first (n=423). The rate of a composite of cardiac death, myocardial infarc-
tion, or target lesion revascularisation (TLR) was similar in the two groups (SB first versus MV first, 15.1%
versus 15.6% in the total population [p=0.90]; 14.3% versus 17.4% in a propensity score-matched popula-
tion [p=0.80]). There were significant interactions associated with TLR risk between MV and SB first tech-
niques according to angiographic factors. Patients in the MV first group had a lower risk of TLR when they
had a lesion with MV diameter stenosis >70% (p for interaction=0.04), more severe stenosis of the MV than
of the SB (p for interaction=0.008), or MV lesion length >18 mm (p for interaction=0.01).

Conclusions: Clinical outcomes were similar for patients treated with MV or SB first two-stent techniques.
Using “more severe lesion first” two-stent techniques might offer a favourable prognosis. ClinicalTrials.gov
number: NCT01642992
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Abbreviations

COBIS Il COronary Blfurcation Stenting II
DES drug-eluting stent(s)

MACE  major adverse cardiac events

MLD minimum luminal diameter

mv main vessel

PCI percutaneous coronary intervention

RD reference diameter

SB side branch

TIMI Thrombolysis In Myocardial Infarction
TLR target lesion revascularisation
Introduction

A provisional side branch (SB) intervention after main vessel
(MV) stenting is currently the standard treatment for coronary
bifurcation lesions'. In randomised controlled trials comparing
one-stent versus two-stent techniques, however, crossover from
one-stent to two-stent techniques occurred somewhat frequently
for patients who were assigned to receive one-stent techniques®.
Furthermore, two-stent techniques are frequently needed in real-
world practice*. Although a variety of two-stent techniques have
been used to treat coronary bifurcation lesions, there is a paucity
of studies that compare the outcomes from different two-stent
techniques®‘. In our previous study, we were not able to identify
significant outcome differences between MV first and SB first
techniques, possibly due to the relatively small sample size and
the short duration of follow-up’. Therefore, we sought to compare
MV first and SB first two-stent techniques among patients with
coronary bifurcation lesions using a large bifurcation registry with
a long duration of follow-up.

Methods

STUDY POPULATION

This observational, multicentre registry enrolled 2,897 patients
with coronary bifurcation lesions who underwent percutaneous
coronary intervention (PCI) with drug-eluting stents (DES) from
18 major coronary intervention centres in the Republic of Korea
between January 2003 and December 2009. The protocol was
approved by each hospital’s institutional review board; the need
for informed consent for access to each institutional registry was
waived. The design, inclusion and exclusion criteria, and data col-
lection methods of the COronary Blfurcation Stenting (COBIS) II
registry have been described previously®. In brief, patients treated
with DES for coronary bifurcation lesions with an MV diameter
>2.5 mm and SB diameter >2.3 mm according to core laboratory
analyses were included. Patients who had experienced cardiogenic
shock or cardiopulmonary resuscitation, and patients with a pro-
tected left main disease were excluded.

To compare MV first and SB first two-stent techniques, we
excluded patients undergoing one-stent techniques, defined as the
presence of stents at the MV or SB ostium (n=2,127) and selected
only patients who were treated with two-stent techniques, defined
as the presence of stents at both the MV and SB ostium (n=770).

Patients treated with kissing or V-stenting techniques (n=97) were
excluded because they could not be divided into either the MV
first or the SB first group. Finally, 673 patients being treated
with MV first or SB first techniques were included in our ana-
lyses (Figure 1). PCI was performed according to current prac-
tice guidelines. The treatment strategy, stenting techniques, type
of DES, use of intravascular ultrasound or non-compliant balloon,
and implementation of final kissing balloon inflation were deter-

mined according to the operator’s discretion.

DATA COLLECTION AND ANGIOGRAPHIC ANALYSIS

Data were obtained using a web-based reporting system. Coronary
angiograms were analysed at the angiographic core labora-
tory (Samsung Medical Center, Seoul, Republic of Korea) using
an automated edge-detection system (Centricity CA1000; GE
Healthcare, Waukesha, WI, USA). Bifurcation lesions were
divided into three segments for quantitative coronary angiographic
analysis: proximal MV, distal MV, and SB ostium®. We determined
the minimum luminal diameter (MLD) and reference diameter

(RD) for each segment.

STUDY OUTCOMES AND DEFINITIONS

The primary outcome was major adverse cardiac events (MACE),
which were defined as a composite of cardiac death, myocardial
infarction, or target lesion revascularisation (TLR) that occurred
during follow-up. The secondary outcomes included individual

Patients treated with drug-eluting stents for coronary bifurcation
lesions with SB diameter >2.3 mm were included.
(n=2,897)

One-stent strategies
(n=2,127)

Two-stent strategies

(n=770)
Main proximal first Main Across side Distal first SB first
(n=0) first (1=250) (n=97) (n=423)
— Internal crush: 3 — Kissing or V: 97 — Classic T: 46
— Culotte: 14 — Culotte: 8
—TAP: 231 — Classic crush: 79
— Inverted T: 2 — Mini-crush: 244
| - DK—crusr|1: 46
Propensity score matching
4 v
MV first group SB first group
(n=168) (n=377)

Figure 1. Study flow chart. Among patients with coronary bifurcation
lesions with an SB diameter >2.3 mm, we excluded patients
undergoing one-stent techniques and selected patients treated with
two-stent techniques. “MADS classification” was based on the

manner in which the first stent had been implanted: Main proximal

first, main Across first, Distal first, and SB first. No patient was

treated with a main proximal first technique. Patients treated with
kissing or V-stenting techniques were excluded because they could
not be divided into “main across side first (MV first)” or “SB first”
groups. Finally, patients treated with MV first or SB first techniques
were included in our analysis. DK: double kissing; MV: main vessel;
SB: side branch; TAP: T-stenting and small protrusion



components of the composite primary outcome, death from any
cause, and definite or probable stent thrombosis. The study outcome
definitions of the COBIS Il registry have been described previously®.

STATISTICAL ANALYSIS

Categorical variables were summarised as frequencies with per-
centages and were compared using the chi-square test or Fisher’s
exact test. Continuous variables were presented as a median with
25%-75% percentiles and were compared using the t-test or Wilcoxon
rank-sum test. Time-to-event hazard curves were estimated with the
Kaplan-Meier method and were compared using a log-rank test. To
minimise the impact of selection bias and any potential confound-
ers, we adjusted for differences in baseline characteristics using pro-
pensity score-matching methods. The propensity score was created
using the preprocedural variables shown in Tahle 1 and Table 2,
and the pairs were matched at varied matching ratios using the near-
est neighbour method with a calliper width of 0.2 times the SD'.
A covariate was considered balanced if the standardised mean

Table 1. Baseline characteristics.

Total population

Two-stent techniques in bifurcation lesion

difference of each variable was less than 10%. To find angiographic
determinants of SB first techniques, we used multivariable logis-
tic regression models that included quantitative coronary angio-
graphic variables. Receiver operating characteristic (ROC) curves
were used to evaluate the optimal cut-off value. The effects of inter-
action terms between subgroups and treatment effects on clinical
outcomes were estimated using Cox regression models. All p-val-
ues were two-tailed, and p<0.05 was considered statistically signi-
ficant. All analyses were performed using R software version 3.3.1
(R Foundation for Statistical Computing, Vienna, Austria).

Results

BASELINE CHARACTERISTICS

Among the 673 eligible patients, SB first techniques were per-
formed in 423 patients (63%) and MV first techniques were per-
formed in 250 patients (37%). The clinical, angiographic, and
procedural characteristics of the two groups are shown in Table 1.
The SB first techniques group had a higher prevalence of acute

Propensity score-matched population

:]Z‘f"zr?) (“II: \=12f|5r[s)t) p-value | SMD (%) (?IZ;I;S;) (':I Z:g;t) p-value | SMD (%)

Age, years 63 (54-69) | 64 (56-70) 0.30 -12.7 64 (56-70) | 62 (55-69) 0.42 4.6
Male 298 (70.4) 182 (72.8) 0.57 -5.0 [272(72.1) 125 (74.4) 0.60 -5.2
Acute coronary syndrome 288 (68.1) 141 (56.4) 0.003 23.1 242 (64.1) 102 (60.7) 0.47 7.1
Current smoker 95 (22.5) 60 (24.0) 0.72 -2.9 94 (25.0) 41 (24.4) 0.89 1.4
Diabetes mellitus 125 (29.6) 65 (26.0) 0.37 7.8 |112(29.8) 47 (28.0) 0.68 4.1
Hypertension 230 (54.4) 157 (62.8) 0.04 -17.9 |224 (59.4) |103.0(61.3) 0.69 -3.9
Dyslipidaemia 112 (26.5) 85 (34.0) 0.05 -16.1 |129(34.1) 59 (35.1) 0.83 2.2
Chronic kidney disease 14 (3.3) 5(2.0) 0.45 9.3 12 (3.1) 3(1.8) 0.41 8.3
Prior myocardial infarction 33(7.8) 18 (7.2) 0.89 2.2 29 (7.8) 15 (8.9) 0.66 -4.2
Prior revascularisation 81 (19.1) 48 (19.2) >0.99 -0.3 71 (18.8) 30(17.9) 0.81 2.4
LVEF, %? 61 (565-67) 60 (55-66) 0.45 12.5 62 (54-67) 61 (52-66) 0.37 9.3
Left main bifurcation 168 (39.7) 115 (46.0) 0.13 -13.0 |173(45.9) 79 (47.0) 0.82 -2.3
True bifurcation 310 (73.3) 186 (74.4) 0.82 -2.3 |286 (75.9) 132 (78.6) 0.51 -6.4
MV calcification 82 (19.4) 66 (26.4) 0.04 -16.1 90 (23.8) 38 (22.6) 0.78 2.8
SB calcification 29 (6.9) 26 (10.4) 0.14 -11.7 33 (8.7) 15 (8.9) 0.93 -0.9
Non-compliant balloon 169 (40.0) 44 (17.6) <0.001 58.3 |108 (28.8) 43 (25.6) 0.46 7.1
POT 96 (22.8) 37 (14.8) 0.02 20.6 64 (17.1) 26 (15.5) 0.65 4.3
FKB inflation 339 (80.1) 225 (90.0) 0.001 -32.6 |324(86.0) 145 (86.3) 0.92 -0.9
Re-POT 21 (5.0) 13 (5.2) >0.99 -1.0 16 (4.3) 7 (4.2) 0.95 0.6
IVUS guidance 207 (48.9) 167 (66.8) <0.001 -37.5 |198(52.6) 93 (55.4) 0.57 -5.5
Remote site intervention 150 (35.5) 73 (29.2) 0.11 13.5 |106(28.1) 48 (28.6) 0.92 -1.0
MV stent length, mm 28 (23-33) 28 (23-33) 0.96 -3.3 28 (23-33) 28 (23-33) 0.85 -5.0
SB stent length, mm 18 (16-28) 18 (15-28) 0.12 9.7 18 (16-23) 18 (15-28) 0.92 0.2
MV stent diameter, mm 3.5(3.0-3.5)| 3.5(3.0-3.5)| 0.48 -5.1 3.56(3.0-3.5)| 3.5(3.0-3.5)| 0.99 1.1
SB stent diameter, mm 2.8(2.5-3.0)| 3.0(2.8-3.0)| 0.02 -18.0 3.0(2.8-3.0)| 2.8 (2.5-3.0)| 0.31 8.5
First-generation DES 365 (86.3) 221 (88.4) 0.50 -6.4 |329(87.3) 143 (85.1) 0.52 6.2
Values are expressed as median (25"-75t" percentiles) or n (%). ¢ LVEF was available in 381 patients (90.7%) treated with SB first strategies and

159 patients (63.6%) treated with MV first strategies among the total population. In propensity score matching, missing values of LVEF were replaced
using multiple imputation. DES: drug-eluting stent; FKB: final kissing balloon; IVUS: intravascular ultrasound; LVEF: left ventricular ejection fraction;
MV: main vessel; POT: proximal optimisation technique; SB: side branch; SMD: standardised mean difference
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Table 2. Quantitative coronary angiographic analysis.

Total population

Propensity score-matched population

SB first (n=423) | MV first (n=250) | p-value|SMD (%)| SB first (n=377) | MV first (n=168) | p-value|SMD (%)

Preprocedural

MV RD, mm 3.0(2.7-3.3) 3.1(2.8-3.5) 0.001 | -29.5 3.1(2.8-3.4) 3.1(2.8-3.4) 0.58 -0.3
MV MLD, mm 1.1 (0.7-1.4) 1.0 (0.7-1.3) 0.60 8.5 1.1 (0.8-1.4) 1.1 (0.8-1.4) 0.63 -3.1
MV DS, % 65.3 (53.8-76.1) | 66.5 (58.5-75.9) | 0.10 | -15.7 |65.0(55.8-74.6) | 64.3 (56.0-74.5) | 0.66 3.2
MV lesion length, mm | 18.4 (9.5-29.3) | 16.9(10.3-26.1) | 0.60 12.7 | 16.9(9.1-28.2) | 18.3(10.3-27.8) | 0.24 -4.3
SB RD, mm 2.4 (2.2-2.6) 2.5(2.3-2.8) <0.001 | -42.0 2.5(2.3-2.8) 2.5(2.3-2.8) 0.76 2.7
SB MLD, mm 0.9 (0.6-1.3) 1.1(0.9-1.5) |<0.001| -46.7 1.1 (0.8-1.5) 1.1 (0.8-1.4) 0.65 2.0
SB DS, % 63.4 (50.1-74.9) | 565.0 (42.5-66.6) | <0.001 | 41.5 |55.5(42.7-68.6) | 54.7 (45.2-69.1) | 0.87 2.2
SB lesion length, mm | 9.2 (4.7-17.4) 6.4 (2.7-12.8) | <0.001 38.3 8.3 (4.2-15.3) 7.1(3.4-14.1) 0.54 3.9
Bifurcation angle, % | 58.0 (44.0-77.5) | 65.6 (49.1-83.9) | 0.009 | -18.5 |62.9 (45.0-87.8) | 59.4 (44.8-77.9) | 0.66 1.7

Post-procedural

MV RD, mm 3.0(2.7-3.4) 3.2(2.8-3.6) |<0.001| -32.8 3.1(2.9-3.5) 3.2 (2.8-3.6) 0.97 -1.7
MV MLD, mm 2.6 (2.3-2.9) 2.8(2.4-3.1) |<0.001| -38.3 2.7 (2.4-3.0) 2.8 (2.4-3.2) 0.31 —11.7
MV DS, % 14.0 (6.8-21.6) | 12.0(5.5-20.2) | 0.15 111 13.9(7.2-21.2) | 11.3(6.2-20.1) | 0.15 12.5
SB RD, mm 2.4 (2.3-2.7) 25(2.4-29) |<0.001| -41.4 2.5(2.3-2.9) 2.5(2.3-2.9) 0.88 -2.4
SB MLD, mm 2.3(2.0-2.5) 2.4(2.1-2.7) |<0.001| -40.4 2.4 (2.1-2.7) 2.4 (2.0-2.6) 0.60 0.2
SB DS, % 6.6 (0.0-15.7) 7.1 (0.0-15.4) 0.83 3.7 7.4 (0.0-13.9) 7.7 (0.8-18.2) 0.46 | -12.0

diameter; SB: side branch; SMD: standardised mean difference

Values are expressed as median (25"-75t" percentiles). DS: diameter stenosis; MLD: minimum luminal diameter; MV: main vessel; RD: reference

coronary syndrome at admission. Patients treated with SB first
techniques were also younger and had a higher left ventricular
ejection fraction than those treated with MV first techniques. SB
first techniques were used less frequently for left main bifurca-
tion lesions and calcified lesions, compared with MV first tech-
niques. Non-compliant balloon and remote site intervention were
performed more frequently in patients treated with SB first tech-
niques, while final kissing balloon inflation and intravascular
ultrasound were performed less frequently in patients who under-
went SB first techniques. Preprocedural quantitative coronary
angiographic data are presented in Table 2. MV RD, SB RD, per-
cent MV diameter stenosis, and bifurcation angle were smaller in
patients treated with SB first techniques. However, patients treated
with SB first techniques had higher percent SB diameter stenosis
and a longer MV and SB lesion length compared to those who
underwent MV first techniques.

After propensity score matching, a total of 545 patients remained
in the matched population: 377 patients in the SB first group and
168 patients in the MV first group (Table 1, Table 2). There
were no significant imbalances in baseline variables between the
matched populations. Patients treated with SB first techniques had
a tendency towards greater post-procedural MV residual stenosis
compared to those who received MV first techniques.

PROCEDURAL OUTCOMES
As shown in Table 3, SB occlusion occurred less frequently in
patients treated with SB first techniques than in those treated

with MV first techniques among the total and propensity score-
matched populations. Other procedural outcomes occurred simi-
larly between the two groups.

CLINICAL OUTCOMES

Complete clinical follow-up data were obtained for 96.3%
of all patients at a median of 36 months (25"-75% percen-
tiles, 24-52 months). Observed clinical outcomes are shown in
Table 4. MACE was observed similarly among 64 patients in
the SB first group (15.1%) and among 39 patients in the MV
first group (15.6%; hazard ratio [HR] 0.97, 95% confidence
interval [CI]: 0.65-1.45; p=0.90) (Figure 2). Definite or prob-
able stent thrombosis occurred in eight patients in the SB first
group (1.9%) and in five patients in the MV first group (2.0%;
HR 0.93; 95% CI: 0.30-2.84; p=0.90). In the propensity score-
matched population, the SB first group did not differ from the
MV first group with respect to MACE (HR 0.91, 95% CI: 0.59-
1.41; p=0.67) or definite or probable stent thrombosis (HR 0.52,
95% CI: 0.14-1.92; p=0.33).

ANGIOGRAPHIC DETERMINANTS OF SB FIRST TECHNIQUES
Multivariable logistic regression analysis identified independent
factors associated with SB first techniques (Table 5). Greater pre-
procedural percent SB diameter stenosis compared to MV stenosis
(odds ratio [OR] 1.92, 95% CI: 1.24-3.02; p=0.004) and SB lesion
length >7.5 mm (OR 1.49, 95% CI: 1.05-2.13; p=0.03) were signi-
ficantly associated with SB first techniques.
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Table 3. Procedural outcomes and in-hospital events in the total and propensity score-matched populations.

|
-
=
S
=
)
Total population Propensity score-matched population §
SB first MV first SB first MV first g
(n=423) (n=250) (n=377) (n=168) N
MV occlusion during procedure? 13 (3.1) 10 (4.0) 0.68 12 (3.2) 8 (4.8) 0.63 3
SB occlusion during procedure? 16 (3.8) 30 (12.0) <0.001 11 (2.9) 21 (12.5) <0.001 5
Angiographic | MV 421 (99.5) 249 (99.6) >0.99 375 (99.5) 167 (99.4) 0.86 §
success®  Isg 418(98.8) | 246(98.4) | 073 | 373(98.9) | 164(97.6) | 0.31 ®
In-hospital Death 2 (0.5) 1(0.4) >0.99 2 (0.5) 1(0.6) 0.82 ~
events’ ST-elevation myocardial infarction 2(0.5) 2(0.8) >0.63 2(0.5) 2(1.2) 0.32
Bypass graft surgery 1(0.2) 0(0) >0.99 1(0.3) 0(0.0) 0.51
Procedural success® 413 (97.6) 245 (98.0) 0.97 368 (97.6) 163 (97.0) 0.76
Values are expressed as n (%). ? Defined as TIMI flow grade <3 during or after procedure, respectively. ® Defined as TIMI 3 flow and <30% residual
stenosis. ¢ Included death, ST-elevation myocardial infarction, or emergent bypass graft surgery. ¢ Defined as the achievement of angiographic
success in the absence of any in-hospital complications. MV: main vessel; SB: side branch; TIMI: Thrombolysis In Myocardial Infarction
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" ; ; ;
No. at risk Years
MV first 250 211 172 112
SB first 423 353 298 197

Figure 2. Kaplan-Meier curve for major adverse cardiac events in the total population. Time-to-event hazard curves are presented with
Kaplan-Meier estimates and were compared using a log-rank test. MACE: major adverse cardiac events; MV: main vessel; SB.: side branch

Table 4. Long-term clinical outcomes in the total and propensity score-matched populations.

SB first MV first Hazard ratio (95% Cl) | p-value
Total population n=423 n=250
MACE 64 (15.1) 39 (15.6) 0.97 (0.65-1.45) 0.90
Cardiac death 8(1.9) 5(2.0) 0.95 (0.31-2.91) 0.93
Myocardial infarction 11 (2.6) 6 (2.4) 1.08 (0.40-2.92) 0.88
Target lesion revascularisation 52 (12.3) 31(12.4) 1.01 (0.65-1.57) 0.98
Main vessel 45 (10.6) 25 (10.0) 1.08 (0.66-1.77) 0.75
Side branch 38(9.0) 21 (8.4) 1.09 (0.64-1.85) 0.76
Bifurcation 47 (11.1) 25 (10.0) 1.13 (0.70-1.84) 0.62
Stent thrombosis, definite or probable 8(1.9) 5(2.0) 0.93 (0.30-2.84) 0.90
Propensity score-matched population
MACE 54 (14.3) 28 (16.7) 0.91 (0.59-1.41) 0.67
Cardiac death 5(1.3) 5(3.0) 0.61 (0.16-2.31) 0.47
Myocardial infarction 10 (2.7) 6 (3.6) 0.94 (0.32-2.71) 0.91
Target lesion revascularisation 45(11.9) 20(11.9) 0.98 (0.56-1.70) 0.93
Main vessel 38(10.1) 19 (11.3) 0.74 (0.41-1.31) 0.30
Side branch 35(9.3) 13(7.7) 1.26 (0.66-2.39) 0.49
Bifurcation 40 (10.6) 17 (10.1) 1.08 (0.60-1.93) 0.80
Stent thrombosis, definite or probable 6 (1.6) 5(3.0) 0.52 (0.14-1.92) 0.33

Values are expressed as n (%). Cl: confidence interval; MACE: major adverse cardiac events; MV: main vessel; SB: side branch




Table 5. Determinants of side branch first techniques.

Univariable analysis

Multivariable analysis?
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0dds ratio (95% ClI) p-value 0dds ratio (95% ClI) p-value
Preprocedural MV RD >3.25 mm®P 0.63 (0.45-0.87) 0.005 0.89(0.61-1.33) 0.58
Preprocedural SB RD >2.5 mmP 0.56 (0.40-0.76) <0.001 0.69 (0.47-1.01) 0.06
Preprocedural SB RD > MV RD 0.76 (0.43-1.37) 0.36 0.95 (0.51-1.77) 0.86
Preprocedural MV DS >70%® 0.86 (0.63-1.19) 0.36 1.00 (0.68-1.46) 0.98
Preprocedural SB DS >70%?° 2.19(1.52-3.18) <0.001 1.31 (0.83-2.06) 0.25
Preprocedural SB DS > MV DS 2.38 (1.70-3.38) <0.001 1.92 (1.24-3.02) 0.004
Lesion length of MV >18 mm®P 1.23 (0.90-1.69) 0.19 1.08 (0.75-1.54) 0.69
Lesion length of SB >7.5 mm® 1.88 (1.37-2.58) <0.001 1.49 (1.05-2.13) 0.03
Angle between the MV and SB >65 0.66 (0.48-0.90) 0.009 0.92 (0.65-1.31) 0.65
Values are expressed as n (%). 2 All quantitative coronary angiographic variables and derived variables were entered in multivariable logistic regression
models. ® Determined by receiver operating characteristic curve analysis. Cl: confidence interval; DS: diameter stenosis; MV: main vessel; RD: reference
diameter; SB: side branch

DIFFERENTIAL EFFECTS ON THE RISK FOR TLR BETWEEN
MV FIRST AND SB FIRST TECHNIQUES ACCORDING TO
ANGIOGRAPHIC FINDINGS

There were significant interactions associated with risk for TLR

MYV diameter stenosis >70% (p for interaction=0.04), more severe
stenosis of the MV than the SB (p for interaction=0.008), or MV
lesion length >18 mm (p for interaction=0.01).

between the MV first and SB first techniques according to the MV
diameter stenosis, relative stenosis severity of the MV versus the
SB, or MV lesion length (Figure 3). Patients in the MV first group
had a lower risk for TLR when they had bifurcation lesions with

Discussion

Using data from a large, multicentre bifurcation registry, we com-
pared the long-term clinical outcomes from patients treated with
MV first or SB first techniques for coronary bifurcation lesions.

: TLR (% Favours Favours Hazard ratio for
Subgroup Patients  ¢p first ( 3v|v first SB first MV first @5%cl) Pvalue interaction
MV RD 0.52
>3.25 mm 217 12/120 (10.0) 12/97 (12.4) —TH— 0.80(0.36-1.78)  0.59
<3.25mm 456 40/303 (13.2)  19/153 (12.4) 1.09 (0.63-1.88) 0.77
SBRD 0.54
>2.5mm 276 20/151(13.2)  19/125(15.2) 0.92 (0.49-1.72) 0.79
<2.5mm 397 32/272 (11.8)  12/125(9.6) —Hl— 1.23(0.63-2.38)  0.55
SB RD>MV RD 0.78
Yes 51 5/29 (17.2) 4722 (18.2) 0.84(0.23-3.12) 0.79
No 622 47/394 (11.9)  27/228 (11.8) x 1.04 (0.65-1.67) 0.88
MV DS 0.04
>70% 257 22/156 (14.1) 8/101 (7.9) H—T1— 1.94(0.86-4.36)  0.11
<70% 416 30/267 (11.2)  23/149 (15.4) — 0.71(0.41-1.22) 0.22
SB DS 0.27
>70% 200 12/150 (8.0) 6/50 (12.0) —_—T 0.65(0.24-1.73) 0.39
<70% 472 40/273 (14.7)  25/199 (12.6) — 1.20(0.73-1.98)  0.47
SB DS>MV DS 0.008
Yes 252 17/189 (9.0) 12/63 (19.0) —a— 0.44(0.21-0.92)  0.03
No 420 35/234 (15.0)  19/186 (10.2) —— 1.54 (0.88-2.68) 0.13
MV lesion length 0.01
>18 mm 329 36/215(16.7)  11/114(9.7) —{— 1.79(0.91-3.53) 0.09
<18 mm 344 16/208 (7.7) 20/136 (14.7) — 0.53(0.27-1.01)  0.05
SB lesion length 0.15
>7.5mm 354 33/247 (13.4)  10/107 (9.4) ——— 1.47 (0.72-2.98) 0.29
<7.5mm 319 19/176 (10.8)  21/143 (14.7) —— 0.73(0.39-1.36)  0.32
Bifurcation angle 0.10
>65° 293 27/167 (16.2)  14/126 (11.1) ——— 1.53(0.80-2.92)  0.20
<65° 380 25/256 (9.8) 17/124 (13.7) —{ 0.72(0.39-1.33)  0.29
0 1 10

Figure 3. Differential effects on the risk for target lesion revascularisation between main vessel and side branch first techniques according to
angiographic findings. Cut-off values were determined using receiver operating characteristic curve analysis. The treatment effects of
interaction terms between subgroups on TLR risk were estimated using Cox regression models. CI: confidence interval; DS: diameter stenosis;
MYV: main vessel; RD: reference diameter; SB: side branch; TLR: target lesion revascularisation




There are four main findings from this present study: (1) during
the follow-up period (median, 36 months; 25"-75" percentiles,
24-52 months), comparable procedural and clinical outcomes were
observed between the MV first and SB first groups in the total and
propensity score-matched populations; (2) SB occlusion occurred
less frequently in patients treated with SB first techniques than
in those treated with MV first techniques; (3) SB first techniques
were attempted for coronary bifurcation lesions with greater pre-
procedural percent diameter stenosis of the SB than the MV, or SB
lesion length >7.5 mm; (4) there were significant interactions for
TLR risk between MV first and SB first techniques according to
MV diameter stenosis, relative stenosis severity of the MV versus
the SB, and MV lesion length.

Meta-analyses of previous randomised controlled trials showed
that provisional one-stent techniques were comparable to elective
two-stent techniques in terms of clinical outcomes, but superior to
elective two-stent techniques in terms of the reduced risk for peripro-
cedural myocardial infarction'. However, patients with complex
bifurcation lesions such as large SBs with severe stenosis extend-
ing from the ostium were not represented in these randomised con-
trolled trials. Provisional or elective two-stent techniques are still
needed for patients with complex bifurcation lesions*. To date, few
studies have examined the comparative outcomes from different
two-stent techniques, because there are many subtypes, which make
it difficult to evaluate the clinical outcome for patients with coro-
nary bifurcation lesions. The Nordic Stent Technique Study showed
that the three-year clinical outcomes were similar for patients with
coronary bifurcation lesions treated with crush versus culotte stent
techniques®. However, the DK-CRUSH III study showed that
culotte stenting was associated with significantly increased risks for
three-year clinical outcomes compared with DK-crush stenting for
left main distal bifurcation lesions®. Our previous study comparing
the outcomes between main across side first and SB first techniques
failed to show clearly which technique was superior, because we
had a relatively small sample size and a short duration of follow-
up’. Therefore, we assessed the long-term comparative outcomes
after treatment with MV first or SB first techniques during coronary
bifurcation PCI using data from a large, multicentre, bifurcation-
dedicated registry.

During the median follow-up duration of 36 months (25"-75%
percentiles, 24-52 months), the MACE rate was 15.6% in patients
treated with MV first techniques and 15.1% in patients treated
with SB first techniques. These results were consistent with those
of the propensity score-matched population from our study, as
well as in the Nordic Stent Technique Study®. According to our
study and other previous data, there seem to be no best two-stent
technique that may be generally recommended for treating coro-
nary artery bifurcation lesions. Therefore, the operator may choose
one of the many techniques according to the coronary anatomy of
the patient and personal experience. In our study, operators pre-
ferred SB first techniques for coronary bifurcation lesions with
more severe stenosis of the SB than of the MV or in cases of
long SB lesion length. These practice patterns probably reflect the

Two-stent techniques in bifurcation lesion

operators’ intention to avoid SB occlusion during the procedure.
SB ostial stenosis and lesion length were proposed as independent
factors associated with SB occlusion in our previous study®.

We performed subgroup analyses to identify differential treatment
effects between two-stent techniques and risk for TLR according to
specific lesion subsets. The treatment effect varied depending on
MV diameter stenosis, relative stenosis severity of the MV versus
the SB, and MV lesion length. The MV first techniques had a lower
risk of TLR when applied to bifurcation lesions with MV diameter
stenosis >70%, more severe stenosis of the MV than of the SB, or
MYV lesion length >18 mm. These results suggest that the MV first
treatment strategy for more severe lesions in the MV than in the SB
or the SB first treatment strategy for more severe lesions in the SB
than in the MV could reduce the TLR risk in patients treated with
two-stent techniques for coronary bifurcation lesions. One poss-
ible explanation is underexpansion of the second stent; during two-
stent techniques, implantation of the first stent ensures good stent
expansion and warrants preservation of vessel patency. However, it
is possible for the second stent to expand insufficiently in cases of
severe lesions after a complex procedure, and this is associated with
a high incidence of TLR.

Limitations

Our retrospective study had several limitations. First, the choice
of two-stent technique was not randomised and could reflect indi-
vidual operator preference. Some angiographic and procedural
characteristics, including left main disease, use of non-compli-
ant balloon, and final kissing balloon inflation, were different
between the two groups in the total population. To reduce the
selection bias for the use of two-stent techniques and potential
confounding effects, we performed a propensity score-matched
analysis. Nevertheless, we were not able to correct for unmeas-
ured variables, and it is difficult to predict how residual con-
founding can impact on clinical outcomes. Second, this study
included a relatively small number of patients, and was therefore
underpowered for comparison of clinical outcome. We assessed
the differential effects on TLR risk between MV and SB first
techniques across various angiographic subgroups. Although the
results of a subgroup analysis should be interpreted carefully, it
may be possible to generate a hypothesis regarding the relation-
ship between two-stent techniques and long-term clinical out-
comes. Third, intravascular ultrasound data for evaluating vessel
size, plaque distribution, stent underexpansion, stent malappo-
sition, or incomplete stent coverage of SB ostium bifurcation
stenting were not available in the COBIS II registry. Fourth, we
analysed coronary angiograms using single-vessel quantitative
coronary angiography software, which might be inaccurate when
used in bifurcation lesions due to the specific anatomical charac-
teristics of bifurcations. Finally, large numbers of patients were
treated with first-generation DES. Adequately powered registries
or randomised trials using newer-generation DES are needed to
evaluate the safety and efficacy of the two-stent techniques for

coronary bifurcation PCI.
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Conclusions

The clinical outcomes were similar for patients treated with MV first
or SB first two-stent techniques. Coronary bifurcation lesions requir-
ing two-stent techniques were treated using “more severe lesion

first” techniques, which might offer a favourable clinical outcome.

Impact on daily practice
Treatment strategies using “more severe lesion first” two-stent
techniques were significantly associated with favourable clini-

cal outcomes.
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