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Abstract

Aims: Non-compliant balloons provide uniform radial force along the vessel wall at any inflation pressure.

KEYWORDS

« angioplasty As a result, the use of non-compliant balloons may reduce side branch complications and optimise stent
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deployment. We sought to investigate the impact of non-compliant balloons on the long-term clinical out-
comes of patients undergoing a coronary bifurcation intervention.

Methods and results: A total of 2,897 patients treated with drug-eluting stents for bifurcation lesions
were enrolled. Non-compliant balloons were used in 752 patients (26%). During a median three-year fol-
low-up, major adverse cardiac events (MACE: cardiac death, myocardial infarction, or target lesion revas-
cularisation) occurred less frequently in the non-compliant balloon group than in the compliant balloon
group (8.2% versus 10.9%; p=0.03). After propensity score matching (710 pairs), the use of non-compliant
balloons resulted in a lower rate of side branch dissection (0.1% versus 1.1%; p=0.046) and a higher rate
of procedural success (79.0% versus 73.9%; p=0.01). The use of non-compliant balloons was associated
with a lower risk of MACE (HR 0.64, 95% CI: 0.46-0.91; p=0.01) and cardiac death (HR 0.14, 95% CI:
0.03-0.64; p=0.01).

Conclusions: The use of non-compliant balloons was associated with favourable procedural and long-
term clinical outcomes in patients receiving coronary bifurcation intervention. ClinicalTrials.gov number:
NCTO01642992
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Abbreviations

COBIS Il COronary Blfurcation Stent IT
DES drug-eluting stent(s)

MACE  major adverse cardiac events

Mi myocardial infarction

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 now regarded as the standard technique for the majority
of coronary bifurcation lesions'?. However, SB dissection is a seri-
ous procedural complication that can occur during ostial SB bal-
loon dilatation or kissing balloon inflation following MV stenting.
Theoretically, the use of a non-compliant balloon could assure uni-
form diameter expansion along the balloon length, prevent uncon-
trolled fast stretch of the vessel wall at any inflation pressure, and
might avoid consequent SB injury’. In the case of double stenting
of both the MV and SB, final kissing balloon inflation is a manda-
tory step®. The use of non-compliant balloons during final kissing
balloon inflation might avoid underexpansion of the MV stent or
overexpansion of the SB ostium (Figure 1), and it could facilitate
optimal stent deployment and reduce the risk of SB injury'. Despite
these theoretical advantages, there are limited data concerning the
use of non-compliant balloons in patients with coronary bifurcation

lesions®. Therefore, we sought to compare the long-term clinical
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outcomes of patients treated with non-compliant and those treated

with compliant balloons on the basis of a large bifurcation registry.

Methods

STUDY POPULATION

The COronary Blfurcation Stent (COBIS) II registry is an obser-
vational, multicentre registry of patients treated with drug-eluting
stents (DES) for coronary bifurcation lesions. We enrolled patients
from 18 major coronary intervention centres in the Republic of
Korea between January 2003 and December 2009. The inclusion
criteria were: 1) coronary bifurcation lesions treated with DES
alone, and 2) MV diameter >2.5 mm and SB diameter >2.3 mm
by visual inspection. The exclusion criteria were: 1) the presence
of cardiogenic shock or cardiopulmonary resuscitation, and 2) pro-
tected left main disease. Decisions regarding whether to use non-
compliant balloons or not were made by the respective operators.
The patients treated only with non-compliant balloons during the
entire intervention except for stent deployment belonged to the
non-compliant balloon group. The patients in whom compliant bal-
loons were used in any steps were placed in the compliant balloon
group. The protocol was approved by the local institutional review
board at each hospital, and the need for informed consent for access
to each institutional registry was waived. A detailed description of
the study procedures is presented in the Online Appendix.

DATA COLLECTION AND ANGIOGRAPHIC ANALYSIS

Data were recorded using a web-based reporting system.
Coronary angiograms were analysed at the angiographic core
laboratory (Samsung Medical Center, Seoul, Republic of Korea)
using an automated edge-detection system (Centricity CA1000;
GE Healthcare, Waukesha, WI, USA). Bifurcation lesions were

A
SB balloon

N 533 . W

Proximal

590 mm
Distal \ Proximal

SB balloon

SHS oy
Distal

¥ 535 un

Figure 1. Bench tests of kissing balloon dilatation with compliant and non-compliant balloons. A) Semi-compliant balloon (Ryujin Plus,

Terumo Corp. Tokyo, Japan), and (B) non-compliant balloon (Hiryu, Terumo Corp.) in a CYPHER stent (Cordis, Johnson & Johnson, Warren,

NJ, USA). Non-compliant balloons avoid overexpansion of the side branch ostium. Image courtesy of Dr Yoshihisa Kinoshita, Division of’

Cardiology, Toyohashi Heart Center, Toyohashi, Japan.
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divided into three segments for quantitative coronary angiographic

analysis: proximal MV, distal MV, and SB ostium®.

STUDY OUTCOMES AND DEFINITIONS

The primary outcome was major adverse cardiac events (MACE),
which were defined as a composite of cardiac death, myocardial
infarction (MI), or target lesion revascularisation (TLR) during
follow-up. The secondary outcomes included individual compo-
nents of the composite primary outcome and definite or probable
stent thrombosis. A detailed description of study outcome defini-
tions is presented in the Online Appendix.

STATISTICAL ANALYSIS

A detailed description of the statistical analysis is presented in the
Online Appendix. Multivariable Cox regression analysis was per-
formed to adjust for potential confounders. The results of the mul-
tivariable models were verified using propensity score matching
methods. All p-values were two-tailed, and p<0.05 was considered
to be statistically significant. All analyses were performed using
SAS 9.2 (SAS Institute Inc., Cary, NC, USA).

Results

BASELINE CHARACTERISTICS

We enrolled 2,897 patients who visited 18 major coronary inter-
vention centres in the Republic of Korea between January 2003
and December 2009: 752 patients (26%) were treated only with
non-compliant balloons. The clinical, angiographic, and proce-
dural characteristics of the two groups are shown in Table 1 and
Table 2. The non-compliant balloon group had a higher prevalence
of acute coronary syndrome at admission and of current smok-
ers. Both balloons were similarly used for left main bifurcation

Table 1. Baseline characteristics.

Total population

lesions and true bifurcation lesions. A two-stent strategy, SB pre-
dilatation, final kissing balloon inflation, intravascular ultrasound,
and remote site intervention were performed more frequently in
patients treated with a non-compliant balloon. Quantitative coro-
nary angiographic data are presented in Online Table 1. Patients
with non-compliant balloons had a smaller pre-procedural refer-
ence diameter (RD) of the MV and SB, greater pre-procedural per-
cent diameter stenosis of the SB, and a shorter lesion length of the
MYV compared to those with compliant balloons.

After propensity score matching, 710 matched pairs were cre-
ated (Table 1, Table 2, Online Table 1). There were no significant
imbalances in baseline variables of the matched population, except
for left ventricular ejection fraction.

PROCEDURAL OUTCOMES

As shown in Table 3, SB dissection occurred less frequently in
patients treated with non-compliant balloons. The non-compliant bal-
loon group showed a significantly higher rate of angiographic and
procedural success than the compliant balloon group. After propen-
sity score matching, the use of non-compliant balloons was associated
with a lower risk of SB dissection (non-compliant versus compliant,
0.1% versus 1.1%, p=0.046). The rate of SB angiographic success
(79.7% versus 75.4%, p=0.03) and of procedural success (79.0% ver-
sus 73.9%, p=0.01) was higher in the non-compliant balloon group.

CLINICAL OUTCOMES

Complete clinical follow-up data were obtained in 96.3% of all
patients. The median follow-up duration was 36 months (inter-
quartile range, 27 to 39) in the non-compliant balloon group and
36 months (interquartile range, 24 to 38) in the compliant bal-
loon group. Observed clinical outcomes according to the use of

Propensity score-matched population

08 (1=2,145) NGB (1=752)| prvalue | (
Age, years 63 (55-69) | 63 (54-70) 0.92 -1.1 63 (56-69) | 63 (54-70) 0.69 -2.1
Male 1,559 (72.7) | 524 (69.7) 0.13 -6.5 | 495 (69.7) | 495 (69.7) 1.00 0.0
Clinical SIHD 862 (40.2) | 237 (31.5) -18.7 248 (34.9) | 234 (33.0) -4.0
PSS NSTE-ACS 1,016 (47.4) | 443 (58.9) | <0.001 | 23.4 | 388(54.6) | 406 (57.2) | 0.56 5.3
STEMI 267 (12.4) 72 (9.6) -9.5 74 (10.4) 70 (9.9) -1.7
Current smoker 516 (24.1) | 217 (28.9) | 0.01 10.6 | 192 (27.0) | 202 (28.5) 0.60 3.3
Diabetes mellitus 608 (28.3) | 232(30.9) 0.21 5.6 | 208 (29.3) | 217 (30.6) 0.64 2.8
Hypertension 1,260 (58.7) | 415(55.2) | 0.10 -7.0 | 391 (55.1) | 397 (55.9) 0.78 1.6
Dyslipidaemia 702 (32.7) | 204 (27.1) 0.005 | -12.6 | 202 (28.5) | 199 (28.0) 0.90 -1.1
Chronic kidney disease 54 (2.5) 27 (3.6) 0.16 5.9 17 (2.4) 23 (3.2) 0.43 4.5
Prior myocardial infarction 123 (5.7) 50 (6.6) 0.41 3.6 46 (6.5) 41 (5.8) 0.66 -3.0
Prior revascularisation 292 (13.6) | 122(16.2) | 0.09 7.1 121 (17.0) | 105 (14.8) 0.29 -6.2
LVEF, %* 60 (562-65) | 61 (55-67) | <0.001 13.5 | 60 (54-66) | 61 (55-67) 0.14 10.2
Values are presented as median (interquartile range) or n (%). *LVEF was available in 1,727 patients (80.5%) treated with CB and 670 patients
(89.1%) treated with NCB among total population. After propensity score matching, LVEF was available in 570 patients (80.3%) treated with CB and
631 patients (88.9%) treated with NCB. CB: compliant balloon; LVEF: left ventricular ejection fraction; NCB: non-compliant balloon;
NSTE-ACS: non-ST-segment elevation acute coronary syndrome; SIHD: stable ischaemic heart disease; SMD: standardised mean difference;
STEMI: ST-segment elevation myocardial infarction




Table 2. Angiographic and procedural characteristics.

CB (n=2,145)  NCB (n=752) | p-value |SMD (%)

Total population
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Propensity score-matched population

CB (n=710) | NCB (n=710) | p-value |SMD (%)

Bifurcation Left main 621 (29.0) | 232(30.9) 4.1 218 (30.7) | 218(30.7) 0.0
location Non-left main 1,524 (71.0) | 520(69.1) | o0 | a1 | 492(69.3) | 492 (69.3) 0.0
Medina 1,1,1 710(33.1) | 228(30.3) 0.03 -6.1 235(33.1) | 216 (30.4) 0.67 -5.9
classification g 253(11.8) | 100(13.3) 44 | 920130 | 940132 0.6
1,0,1 152 (7.1) 59 (7.8) 2.6 53 (7.5) 57 (8.0) 1.8
1,1,0 332 (15.5) 95 (12.6) -8.7 103 (14.5) 90 (12.7) -5.4
1,0,0 260 (12.1) 86 (11.4) -2.2 79 (11.1) 83 (11.7) 1.9
0,1,0 366 (17.1) | 142(18.9) 4.6 114 (16.1) | 136(19.2) 7.9
0,0,1 72 (3.4) 42 (5.6) 9.6 34 (4.8) 34 (4.8) 0.0
True bifurcation 1,115 (52.0) | 387 (51.5) 0.84 -1.0 380 (53.5) | 367 (51.7) 0.49 -3.6
MV calcification 452 (21.1) | 153(20.3) 0.71 -2.0 153 (21.5) 146 (20.6) 0.70 -2.2
SB calcification 134 (6.2) 44 (5.9) 0.76 -1.3 42 (5.9) 42 (5.9) 1.00 0.0
Stent type Sirolimus-eluting 1,019 (47.5) | 395 (52.5) 10.0 333 (46.9) | 368 (51.8) 9.8
Paclitaxel-eluting 626 (29.2) 196 (26.1) -7.1 210 (29.6) 189 (26.6) -6.8
Everolimus-eluting | 259 (12.1) 89 (11.8) 0.14 -0.9 79 (11.1) 85 (12.0) 0.11 2.8
Zotarolimus-eluting | 237 (11.0) 72 (9.6) -4.8 86 (12.1) 68 (9.6) -8.5
Others 4(0.2) 0(0.0) 0.0 2(0.3) 0(0.0) 0.0
Two-stent technique 538 (25.1) 232 (30.9) 12.6 203 (28.6) 203 (28.6) 0.0
Crush 223 (10.4) | 149(19.8) 23.6 104 (14.6) | 125(17.6) 8.1
T-stenting 218(10.2) 61 (8.1) 0.002| -7.7 65 (9.2) 58 (8.2) 1.00 -3.6
Kissing or V-stenting 78 (3.6) 19 (2.5) -7.0 27 (3.8) 17 (2.4) -9.1
Culotte 19 (0.9) 3(0.4) -7.9 7 (1.0) 3(0.4) -9.5
SB predilatation 670 (31.2) | 305(40.6) | <0.001 | 19.1 274 (38.6) | 274 (38.6) 1.00 0.0
FKB inflation 957 (44.6) | 392 (52.1) | <0.001| 15.0 360 (50.7) | 360 (50.7) 1.00 0.0
IVUS guidance 787 (36.7) | 336 (44.7) | <0.001 | 16.1 293 (41.3) | 305 (43.0) 0.53 3.4
Remote site intervention 549 (25.6) | 250(33.2) | <0.001 16.1 226 (31.8) | 228(32.1) 0.95 0.6
Total stent length, mm 30(23-43) | 33(23-48) | <0.001| 14.8 32 (23-46) | 33 (23-46) 0.90 -1.6
Stent diameter, mm 3.0 (3.0-3.5) | 3.5(3.0-3.5) | <0.001 27.4 |3.5(3.0-3.5) | 3.5(3.0-3.5) | 0.10 6.9
Values are presented as median (interquartile range) or n (%). CB: compliant balloon; FKB: final kissing balloon; IVUS: intravascular ultrasound;
MV: main vessel; NCB: non-compliant balloon; SB: side branch; SMD: standardised mean difference

non-compliant balloons are shown in Table 4. The cumulative
incidence of MACE was significantly lower in patients treated
with non-compliant balloons (8.2%) than in those treated with
compliant balloons (10.9%; p=0.03). The non-compliant balloon
group also had a significantly lower incidence of cardiac death
(Figure 2). Possible stent thrombosis occurred in 27 patients: this
was the most common cause of cardiac death. Other causes of
cardiac death were the following: definite stent thrombosis in
three patients, probable stent thrombosis in six patients, recurrent
myocardial infarction in one patient, cardiovascular procedure
in two patients (one CABG, one PCI), lethal arrhythmia in two
patients, and heart failure in one patient. In multivariable analysis,
the adjusted risks for MACE were significantly lower in patients
treated with non-compliant balloons than in those with compliant
balloons. The use of non-compliant balloons was also associated
with a lower risk of cardiac death. The adjusted risk of definite

or probable stent thrombosis was similar in both groups, but the
use of non-compliant balloons was associated with a lower risk of
definite, probable, or possible stent thrombosis.

Figure 3 shows Kaplan-Meier curves for clinical outcomes
according to the use of non-compliant balloons in the propensity
score-matched population. After multivariable analysis, the risk of
MACE was significantly lower in patients treated with non-com-
pliant balloons than in those treated with compliant balloons. The
use of non-compliant balloons was also associated with a lower
risk of cardiac death and definite, probable, or possible stent
thrombosis. The adjusted risk of TLR had a lower tendency in the
non-compliant balloon group.

SUBGROUP ANALYSIS
The adjusted risk of MACE was consistently lower in patients
treated with non-compliant balloons than in those treated with
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Table 3. Procedural outcomes and in-hospital major adverse cardiovascular events (MACE) in total and propensity score-matched

population.

SB complications

Total population

08 1=2,145) | NGB (1=752) | paiie | G (=710 | NGB (1=710)

Propensity score-matched population

Dissection >type B* 26 (1.2) 1(0.1) 0.02 8(1.1) 1(0.1) 0.046
Abrupt occlusion 165 (7.7) 47 (6.2) 0.22 56 (7.9) 42 (5.9) 0.17
Persistent occlusion b2 (2.4) 11 (1.5) 0.16 15(2.1) 11 (1.5) 0.54
Balloon angioplasty 97 (4.5) 30 (4.0) 0.61 40 (5.6) 30 (4.2) 0.28
Stent implantation 27 (1.3) 5(0.7) 0.26 12 (1.7) 5(0.7) 0.15

Angiographic success

MV 2,117 (98.7) 742 (98.7) 1.00 703 (99.0) 701 (98.7) 0.80
SB* 1,583 (73.8) 604 (80.3) | <0.001 535 (75.4) 566 (79.7) 0.03
Overall® 1,571 (73.2) 600 (79.8) | <0.001 530 (74.6) 562 (79.2) 0.02

In-hospital MACE

Cardiac death 11 (0.5) 0(0.0) 0.08 4 (0.6) 0(0.0) 0.13
ST-elevation MI 9(0.4) 0(0.0) 0.12 6 (0.8) 0(0.0) 0.04
Bypass graft surgery 0(0) 2(0.3) 0.07 0 (0.0) 2(0.3) 0.48
Procedural success? 1,559 (72.7) 599 (79.7) | <0.001 525 (73.9) 561 (79.0) 0.01

Values are presented as n (%). *Described on the basis of the National Heart, Lung and Blood Institute classification system for coronary artery
dissection types. "Defined as TIMI 3 flow and <30% residual stenosis by visual estimation. *Defined as TIMI 3 flow and <50% residual stenosis by
visual estimation. *Defined as both of the above. °Defined as the achievement of angiographic success in the absence of any in-hospital MACE.

CB: compliant balloon; MACE: major adverse cardiac events; MV: main vessel; NCB: non-compliant balloon; SB: side branch; SMD: standardised mean
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Figure 2. Clinical outcomes during a median three-year follow-up in

the total population. Time-to-event curves of major adverse cardiac
events (A) and cardiac death (B) in patients treated with non-
compliant balloons or compliant balloons.

Figure 3. Clinical outcomes during a median three-year follow-up in

a propensity score-matched population. Time-to-event curves of
major adverse cardiac events (A) and cardiac death (B) in patients

treated with non-compliant balloons or compliant balloons.
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Table 4. Long-term clinical outcomes in total and propensity score-matched population.

|
g
e
=
(1]
CB NCB Unadjusted HR Adjusted HR* §
(n=2,145) (n=752) (95% CI) (95% ClI) =
Total population §
MACE" 234 (10.9) 62 (8.2) 0.73 (0.55-0.97) 0.03 0.66 (0.49-0.88) | 0.004 E
Cardiac death 39 (1.8) 3(0.4) 0.21 (0.07-0.69) 0.01 0.15 (0.04-0.52) 0.003 S
Ml 41 (1.9) 12 (1.6) 0.80 (0.42-1.53) 0.50 0.74 (0.38-1.43) | 0.37 §
TLR 177 (8.3) 53 (7.0) 0.83(0.61-1.13) 0.24 0.77 (0.56-1.05) | 0.10 g
Stent thrombosis, definite/probable 23 (1.1) 4 (0.5) 0.49 (0.17-1.41) 0.19 0.50(0.17-1.49) | 0.21 o>
Stent thrombosis, possible 25(1.2) 2(0.3) 0.22 (0.05-0.94) 0.04 0.13 (0.02-0.64) | 0.01
Stent thrombosis, definite/probable/possible 48 (2.2) 6 (0.8) 0.35(0.15-0.82) 0.02 0.25 (0.10-0.63) | 0.003
Propensity score-matched population
MACE" 87 (12.3) 58 (8.2) 0.66 (0.47-0.92) 0.02 0.64 (0.46-0.91) | 0.01
Cardiac death 14 (2.0) 2(0.3) 0.14 (0.03-0.63) 0.01 0.14 (0.03-0.64) | 0.01
Ml 14 (2.0) 12 (1.7) 0.83 (0.38-1.81) 0.64 0.74 (0.34-1.61) | 0.45
TLR 69 (9.7) 50 (7.0) 0.72 (0.50-1.04) 0.08 0.70(0.49-1.01) | 0.06
Stent thrombosis, definite/probable 7 (1.0) 4 (0.6) 0.56 (0.16-1.93) 0.36 0.49 (0.16-1.54) | 0.22
Stent thrombosis, possible 11 (1.5) 1(0.1) 0.09 (0.01-0.69) 0.02 0.10(0.01-0.87) | 0.04
Stent thrombosis, definite/probable/possible 18 (2.5) 5(0.7) 0.27 (0.10-0.74) 0.01 0.28 (0.11-0.74) | 0.01

Values are presented as n (%). *Adjusted covariates are presented in the Online Appendix. "MACE indicates cardiac death, M, or TLR. CB: compliant
balloon; Cl: confidence interval; HR: hazard ratio; MACE: major adverse cardiac events; MI: myocardial infarction; NCB: non-compliant balloon;
TLR: target lesion revascularisation

compliant balloons among subgroups (Figure 4). There were no  during coronary bifurcation PCI. During a median follow-up
significant interactions between the use of non-compliant balloons  duration of 36 months, the use of non-compliant balloons was
and MACE in terms of the seven subgroups. associated with lower rates of MACE, mainly driven by the

reduction of cardiac mortality. These results were validated in
Discussion a propensity score-matched population. The impact of non-com-
This is the first study to compare the long-term clinical outcomes ~ pliant balloon use on the risk of MACE was consistent across
of patients treated with non-compliant or compliant balloons  all subgroups.

X MACE (%) Adjusted HR g pfor

Subgroup Patients Compliant Non-compliant (95% CI) p-value i eraction
ACS

No 1,099 81/862 (10.6) 17/237 (7.2) HEH 0.69 (0.40-1.17) 0.17 0.59

Yes 1,798 143/1,283(11.1) 45/515 (8.7) HiH 0.72 (0.51-1.03) 0.07 :
Left main

No 2,044  143/1,524 (9.4) 39/520 (7.5) HEH 0.82 (0.56-1.18) 0.28 0.68

Yes 853 91/621 (14.7) 23/232 (9.9) HIH 0.66 (0.41-1.07) 0.09 ’
SB predilatation

No 1,922 139/1,475 (9.4) 271447 (6.0) HiH 0.66 (0.43-1.01) 0.05 0.57

Yes 975 95/670 (14.2) 35/305(11.5) 0.77 (0.51-1.17) 0.22 ’
Two-stent

No 2,127 136/1,607 (8.5) 35/520 (6.7) 0.79 (0.54-1.16) 0.23 0.28

Yes 770 98/538 (18.2) 27/232 (11.6) HEH 0.57 (0.36-0.90) 0.02 :
FKB

No 1,548 117/1,188(9.9) 31/360 (8.6) el 0.77 (0.51-1.17) 0.22 0.18

Yes 1,349 117/957 (12.2) 31/392 (7.9) HIH 0.65 (0.43-0.98) 0.04 '
IVUS

No 1,774  136/1,358 (10.0) 36/416 (8.7) ik 0.81 (0.55-1.19) 0.28 0.27

Yes 1,123 98/787 (12.5) 26/336 (7.7) HilH 0.56 (0.35-0.88) 0.01 ’
Stent type

It generation 2,475 215/1,827(11.8) 58/648 (9.0) HH 0.70 (0.52-0.95) 0.02 0.61

2 generation 422 19/318 (6.0) 4/104 (3.9) +—m— 0.68 (0.20-2.23) 0.52 :

01 10
Non-compliant better ~ Compliant better

Figure 4. Adjusted hazard ratios of major adverse cardiac events for non-compliant balloon versus compliant balloon in the subgroups.
CB: compliant balloon, CI: confidence interval; FKB: final kissing balloon; HR: hazard ratio,; IVUS: intravascular ultrasound;
MACE: major adverse cardiac events, NCB: non-compliant balloon; SB: side branch
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Non-compliant balloons have been used as adjunctive bal-
loons to optimise stent deployment’. In the Post-dilatation Clinical
Comparative Study (POSTIT) using bare metal stents, adjunc-
tive post-dilatation with non-compliant balloons increased the fre-
quency of achieving optimal stent deployment from 21% to 42%?".
However, in the DES era, the Post-stent Optimal Stent Expansion
Trial (POET) failed to demonstrate the superiority of non-compli-
ant balloons in obtaining optimal stent expansion compared with
compliant balloons’. The major limitation of these studies was
that coronary bifurcation lesions were not included®’. It is possi-
ble that the technical benefit of non-compliant balloons might be
more relevant with the treatment of coronary bifurcation lesions.
Non-compliant balloons experience little change in volume and
tolerate any inflation pressures, thus avoiding the risk of vessel
overdilatation and subsequent injury when ostial SB dilatation
is required during the one-stent technique®. In the case of final
kissing ballooning during dual vessel stenting, non-compliant
high-pressure ostial post-inflation was able to achieve full stent
expansion and avoid overexpansion of the SB ostium'. Recently,
one pilot study proposed the proof-of-concept regarding satisfac-
tory procedural outcomes when using non-compliant balloons for
final kissing inflation during treatment of bifurcation lesions’. This
pilot study was intended only for specific situations, such as final
kissing inflation during a provisional approach, and included a rel-
atively small number of patients; the study also lacked a control
arm. Therefore, we assessed the long-term comparative outcomes
of treatment with non-compliant or compliant balloons during cor-
onary bifurcation PCI using data from a large, multicentre, bifur-
cation-dedicated registry.

The use of non-compliant balloons resulted in lower rates of
MACE and cardiac death at 36-month follow-up in the total popu-
lation and in propensity score-matched populations. First of all,
it is possible that these clinical differences in MACE and cardiac
death might be derived from favourable procedural outcomes by
the use of non-compliant balloons. In addition, theoretically, the
use of non-compliant balloons during kissing balloon dilatation
could facilitate optimal stent deployment, which partly explains
the lower rate of MACE. Intravascular ultrasound studies have
reported that stent underexpansion was prevalent in patients with
stent thrombosis after DES implantation'’. In coronary bifurcation
lesions, intravascular ultrasound-guided stent optimisation was
proposed as a major mechanism to reduce the risk of stent throm-
bosis!''. A digital stent enhancement study showed that adjunctive
non-compliant balloon post-dilatation optimised an additional 37%
of stents'?. Consequently, it is possible that the use of non-compli-
ant balloons increases the achievement of optimal stent expansion,
and might play a role in a lower rate of definite, probable, or pos-
sible stent thrombosis and cardiac mortality. However, our regis-
try did not include the detailed data of intravascular ultrasound
for evaluating stent expansion at the SB ostium before and after
the use of non-compliant balloons. Further studies will be neces-
sary to establish the exact mechanism of favourable outcomes of
patients treated with non-compliant balloons.

The impact of non-compliant balloon use on the risk of MACE
was consistent across all subgroups, including final kissing bal-
loon inflation and stent techniques. It is well known that final kiss-
ing ballooning in two-stent techniques is associated with a lower
risk of adverse clinical outcomes'. However, in patients treated
with provisional SB stenting, final kissing balloon inflation failed
to demonstrate clinical benefit'. A prospective pilot study showed
that systematic kissing balloon inflation using non-compliant bal-
loons after provisional SB stenting is associated with favourable
procedural results and promising clinical outcomes®. In our study,
long-term clinical benefits were associated with the use of non-
compliant balloons in the overall population and did not have sig-
nificant interactions in subgroup analysis according to final kissing
balloon inflation or stent techniques. The role of non-compliant
balloons for final kissing ballooning during provisional SB stent-
ing will need to be re-evaluated by adequately powered studies.

Limitations

Our study could not avoid several of the limitations of a retro-
spective study. First, the use of non-compliant balloons was not
randomised and might reflect individual operator preference. To
reduce the selection bias for the use of non-compliant balloons and
potential confounding effects, we used multivariable analyses; the
results were also verified in a propensity score-matched popula-
tion. Nevertheless, we were not able to correct for the unmeasured
variables. It is difficult to predict how residual confounding can
impact on clinical outcomes. Second, the patients in whom com-
pliant balloons were used in any steps were placed in the compli-
ant balloon group. Non-compliant balloons might have been used
in the compliant balloon group and it is possible that the effect
of compliant and non-compliant balloons might be mixed within
this group. Third, information regarding balloon diameter, infla-
tion pressure, and inflation duration at each step was not included
in our registry. Therefore, we could not evaluate the procedural
outcome of each step during PCI. Fourth, we analysed coronary
angiograms using a single-vessel quantitative coronary angiogra-
phy software, which might be inaccurate when used in bifurcation
lesions due to specific anatomical characteristics of bifurcations.
Bifurcation-dedicated software packages are superior to single-
vessel software packages in terms of accuracy and reproducibility
of quantitative assessment of bifurcations'*-"". Fifth, the minimum
luminal diameter (MLD) of the MV was defined as the minimum
of the proximal and distal MV MLDs. This is not in line with
the recommendations from the European Bifurcation Club and is
conceptually incorrect'®, Finally, large numbers of patients were
treated with first-generation DES; the impact of non-compliant
balloons on the outcomes of patients treated with newer-genera-
tion DES should be investigated.

Conclusions

In propensity score-matched analyses using a large, multicentre
bifurcation registry, the use of non-compliant balloons was associ-
ated with favourable procedural and long-term clinical outcomes.



The benefits of non-compliant balloons for coronary bifurcation inter-

vention should be confirmed in future randomised controlled trials.

Impact on daily practice

The use of non-compliant balloons is associated with lower
risks of cardiovascular events, mainly driven by the reduction
of cardiac mortality. The benefits of non-compliant balloons
on the risk of cardiovascular events are consistent across all
subgroups, regardless of acute coronary syndrome, left main
bifurcation, side branch predilatation, stent strategy, final kiss-
ing balloon inflation, use of intravascular ultrasound, or stent
type. The use of non-compliant balloons might be considered
in patients undergoing percutaneous coronary intervention for

bifurcation lesions.
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PROCEDURES

All patients received loading doses of aspirin (300 mg) and clopi-
dogrel (300-600 mg) before percutaneous coronary interven-
tion (PCI) unless antiplatelet medications had previously been
prescribed. The treatment strategy, stenting techniques, type of
drug-eluting stent (DES), use of intravascular ultrasound, and
implementation of side branch (SB) predilatation or final kiss-
ing balloon inflation were determined at the operator’s discretion.
Following PCI, the duration of dual antiplatelet therapy of aspirin
and clopidogrel was at the attending physician’s discretion.

DATA COLLECTION AND ANGIOGRAPHIC ANALYSIS

Clinical, laboratory, angiographic, procedural, and outcome data
were recorded using a web-based reporting system. Additional
information was obtained by medical record review or telephone
interview. Baseline and procedural coronary angiograms were ana-
lysed by the angiographic core laboratory at the Heart Vascular
Stroke Institute, 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 coro-
nary angiographic analysis: proximal main vessel (MV), distal
MYV, and SB ostium®. We determined the minimum luminal diam-
eter (MLD) and reference diameter (RD) for each segment. In the
distal MV and SB ostium, MLDs were measured <5 mm distal
to the SB take-off. The MV RD was the average of the proxi-
mal and distal MV RDs, and the SB-RD was the distal reference
lumen diameter. The MV MLD was the minimum of the proxi-
mal and distal MV MLDs. Percent diameter stenosis was calcu-
lated as 100x(RD-MLD)/RD. The bifurcation angle was defined
as the angle between the distal MV and the SB at its origin using
the angiographic projection with the widest separation of the two

branches".

DEFINITION OF STUDY OUTCOMES

The primary outcome was major adverse cardiac events (MACE),
which were defined as a composite of cardiac death, myocardial
infarction (MI), or target lesion revascularisation (TLR) during
follow-up. The secondary outcomes included individual compo-
nents of the composite primary outcome and definite or proba-
ble stent thrombosis. All deaths were considered cardiac unless
a definite non-cardiac cause could be established. MI was defined
as elevated cardiac enzymes (troponin or myocardial band frac-
tion of creatine kinase) greater than the upper limit of the normal
value that occurred alongside ischaemic symptoms or electrocar-
diography findings indicative of ischaemia unrelated to the index
procedure. TLR was defined as repeat PCI of the lesion within

Non-compliant balloons in bifurcation lesions

5 mm of stent deployment or bypass graft surgery of the tar-
get vessel. Definite, probable, or possible stent thrombosis was
assessed according to the definitions of the Academic Research
Consortium?. All bifurcation lesions were classified according to
the Medina classification, in which the proximal MV, distal MV,
and SB components of the bifurcation are respectively allocated
a score of 1 or 0 depending on the presence or absence of >50%
diameter stenosis by operator’s visual inspection®. Lesions with
Medina classifications (1,1,1), (1,0,1) and (0,1,1) were included in
the true bifurcation lesions. SB dissection was described according
to the National Heart, Lung and Blood Institute classification sys-
tem for coronary artery dissection types. SB occlusion was defined
as development of a Thrombolysis In Myocardial Infarction
(TIMI) flow grade <3 during the procedure. Angiographic success
was defined as a TIMI flow grade 3, <30% residual stenosis in the
MYV, and <50% residual stenosis in the SB, by visual estimation.
The occurrences of cardiac death, ST-elevation MI, and emergent
bypass graft surgery during the initial hospital stay were defined
as in-hospital MACE. Procedural success was the achievement of
angiographic success in the absence of any in-hospital MACE.
The information about vital status was validated from the National
Population Registry of the Korea National Statistical Office using
a unique personal identification number.

STATISTICAL ANALYSIS

Categorical variables were summarised as frequencies with per-
centages and were compared using the chi-square test or Fisher’s
exact test. After performing the Shapiro-Wilk test for normality,
continuous variables were presented as mean+SD for normally
distributed variables or median (interquartile range) for non-nor-
mally distributed variables, and were compared using the t-test or
Wilcoxon rank-sum test, respectively. Time-to-event hazard curves
were presented with Kaplan-Meier estimates and were compared
using a log-rank test. To minimise the impact of selection bias and
any potential confounders, we adjusted for differences in base-
line characteristics using multivariable Cox regression analysis.
For multivariable models, covariates included those with p-val-
ues <0.2 on univariable analysis, and were the following: diabetes
mellitus, chronic kidney disease, previous revascularisation, left
ventricular dysfunction (defined as left ventricular ejection frac-
tion of less than 50%), left main bifurcation, true bifurcation, type
of stent used, two-stent technique, SB predilatation, use of intra-
vascular ultrasound, lesion lengths of MV and SB, pre-procedural
reference diameter of MV, and pre-procedural diameter stenosis of
SB. Furthermore, the following variables were also added to the
multivariable model since they were deemed clinically relevant:
acute coronary syndrome, current smoking, dyslipidaemia, remote
site intervention, final kissing ballooning, pre-procedural reference
diameter of SB, pre-procedural diameter stenosis of MV, and the

angle between MV and SB. The results of the multivariable models
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were verified using propensity score matching methods. The pro-
pensity score, which represents the probability of a non-compliant
balloon, was estimated without regard to outcome using multiple
logistic regression analysis. A fully non-parsimonious model was
developed that included all variables shown in Table 1, Table 2,
Online Table 1. The pairs were matched using the nearest neigh-
bour method with a caliper width of 0.4 times the SD*. A covari-
ate was considered balanced if the standardised mean difference
of each variable shown in Table 1, Table 2, Online Tahle 1 was
less than 10%.

Within the COBIS 1I registry, most covariates were complete
except for left ventricular ejection fraction, which was 82.7%
complete. A multiple imputation procedure, which takes the

Online Table 1. Quantitative coronary angiographic analysis.

correlation between all potential predictors, was used to gener-
ate five multiply imputed data sets. We then used an average of
these imputation values to fill in for missing data in all subsequent
analyses. All analyses were performed for the imputed data sets,
and compared with results based on complete subset data, which
gave much the same results. To perform subgroup analyses for
the overall population, a propensity score for non-compliant bal-
loon versus compliant balloon was estimated in each subgroup and
included in the multivariable Cox regression model as a covariate
in order to estimate the adjusted hazard ratio. All p-values were
two-tailed, and p<0.05 was considered to be statistically signifi-
cant. All analyses were performed using SAS 9.2 (SAS Institute
Inc., Cary, NC, USA).

Total population

Propensity score-matched population

| CB=2,145) | NeB(r=752) | palue palue swD (%)
Pre—procedure

MV RD, mm 3.0(2.8-3.4) 3.0(2.7-3.3) 0.01 | -10.1 3.0(2.7-3.3) 3.0(2.7-3.3) 0.47 83
SB RD, mm 2.4 (2.3-2.7) 2.4 (2.3-2.6) <0.001 | -16.0 2.4 (2.3-2.6) 2.4 (2.3-2.7) 0.98 2.2
MV MLD, mm 1.0 (0.6-1.3) 1.0 (0.6-1.3) 0.70 0.1 1.0(0.7-1.3) 1.0 (0.6-1.3) 0.79 1.3
SB MLD, mm 1.4 (0.9-1.9) 1.2 (0.8-1.8) 0.001 | -12.4 1.2 (0.8-1.8) 1.3 (0.8-1.8) 0.60 2.1
MV DS, % 67.8 (58.4-78.1) | 66.5(57.0-78.2) | 0.28 -4.3 | 67.5(58.0-77.6) | 66.3 (57.0-78.0) | 0.86 -0.9
SB DS, % 47.0 (26.2-62.3) | 50.3 (27.9-65.7) | 0.02 9.3 | 50.3(28.2-64.4) | 49.2 (27.2-64.5) | 0.63 -2.1
MV lesion length, mm| 16.1 (10.3-24.8) | 14.9 (8.4-24.1) 0.003 | -6.2 | 15.2(9.7-25.4) 14.7 (8.6-23.9) 0.27 -3.6
SB lesion length, mm | 2.4 (0.0-8.0) 2.9 (0.0-9.0) 0.23 6.3 3.1(0.0-8.9) 2.7 (0.0-8.4) 0.22 -7.0
Bifurcation angle, ° 60.0 (46.0-77.2) | 57.8 (44.7-76.1) | 0.10 -6.3 | 59.0(44.2-77.0) | 58.0(45.0-76.3) | 0.90 -1.5

Post—procedure

MV RD, mm 3.1(2.8-3.4) 3.0(2.8-3.3) 0.003 | -14.0 3.0 (2.8-3.4) 3.0(2.8-3.3) 0.31 =33
SB RD, mm 2.5(2.3-2.7) 2.4 (2.3-2.6) <0.001 | -19.5 2.4 (2.3-2.6) 2.4 (2.3-2.6) 0.18 -2.8
MV MLD, mm 2.6 (2.4-3.0) 2.6 (2.3-2.9) 0.05 -5.8 2.6 (2.4-3.0) 2.6 (2.35-810)) 0.45 -2.9
SB MLD, mm 1.8(1.2-2.3) 1.8(1.3-2.3) 0.56 3.1 1.8(1.2-2.3) 1.8(1.3-2.3) 0.51 -0.5
MV DS, % 13.6 (5.9-21.4) 12.7 (5.6-21.2) 0.39 -4.9 | 12.5(5.0-20.7) 12.7 (5.7-21.4) 0.47 1.8
SB DS, % 29.4 (12.5-51.3) | 26.9 (8.0-45.6) 0.001 | -14.9 | 26.5(10.0-49.4) | 27.4 (9.0-46.0) 0.95 -0.8

Values are presented as median (interquartile range) or n (%). CB: compliant balloon; DS: diameter stenosis; MLD: minimum luminal diameter;
MV: main vessel; NCB: non—compliant balloon; RD: reference diameter; SB: side branch; SMD: standardised mean difference






