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ARTICLE INFO ABSTRACT

Aims: Initial proximal optimization technique (POT) in provisional stenting improves global malapposition, side-
branch (SB) obstruction (SBO) and conservation of arterial circularity. The specific mechanical effects of a final
POT sequence concluding the main provisional stenting techniques, on the other hand, are unknown.

Methods and results: Synergy™ stents were implanted on fractal coronary bifurcation bench models using the main
provisional stenting techniques (n = 5 per group): kissing-balloon inflation (KBI), snuggle, and rePOT (initial POT
+ SBinflation + final POT). Final results were quantified on 2D and 3D OCT before and after final POT. Whichever
Bench the technique, final POT significantly decreased global malapposition (from 7.6 4 5.3% to 2.2 4 2.5%, p < 0.05) and
Coronary bifurcation proximal elliptic deformation (from 1.15 + 0.07 to 1.09 + 0.04, p < 0.05), without impact on SBO (from 11.5 & 9.6%
POT to 12.9 £ 10.6%, NS). However, final POT failed to completely correct the elliptic deformation induced by balloon
Provisional stenting juxtaposition during the KBI and snuggle techniques, with final elliptic ratios of 1.11 + 0.03 and 1.11 =+ 0.04 respec-
tively, significantly higher than with the complete rePOT sequence: 1.05 4 0.02 (p < 0.05).

Conclusions: Like initial POT, final POT is recommended whatever the provisional stenting technique used. However,
final POT fails to completely correct all proximal elliptic deformation associated with “kissing-like” techniques, in
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contrast to results with the rePOT sequence.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Provisional stenting of coronary bifurcations must take account of
three major issues: malapposition in the mother vessel (MoV), due to
fractal geometry; side-branch (SB) obstruction (SBO) by the stent; and
conservation of vessel integrity. Recently, a new sequence, “rePOT”
[2-3], experimentally and clinically demonstrated superiority over
other strategies, including kissing-balloon inflation (KBI). The proximal
optimization technique (POT) is central to rePOT, which associates ini-
tial POT + SB inflation + final POT [2]. Benefit of initial POT for
malapposition and SBO was clearly demonstrated [2-3], but that of a
final POT remains to be proven, especially concerning proximal side-
effects after KBI [2].

Abbreviations: MoV, mother vessel; SB, side branch; SBO, side-branch obstruction; KBI,
kissing-balloon inflation; POT, proximal optimization technique; EBC, European
Bifurcation Club; SAR, stent/artery ratio; POC, polygon of confluence.

* Corresponding author at: Fédération de Cardiologie Médicale, Hopital Cardiologique
Lyon-Monchat, 69394 Lyon Cedex03, France.
E-mail address: fderimay@hotmail.fr (F. Dérimay).
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2. Methods
2.1. Experimental protocol

Synergy™ stents 3.5 x 20 mm@14 atm (Boston Scientific, MA, USA) were implanted at
in fractal bifurcation bench models [2,3] (Segula Technologies, Saint-Priest, France). Bench
diameters were: MoV = 4.1 mm, main branch = 3.35 mm and SB = 2.8 mm. All sequences
(n = 5/groups) began by an initial POT with a compliant balloon Maverick™ (Boston
Scientific) 4.0 x 9 mm@18 atm then rewiring in the SB through the distal cell [4]. Three
provisional stenting techniques were used (Fig. 1): i) KBI (with non-compliant balloons
Trek™ (Abbott Vascular) 3.0 x 15 mm@12 atm and 3.5 x 20 mm@12 atm), ii) Snuggle
(same balloons as KBI) and iii) rePOT (SB inflation alone with a compliant balloon
Maverick™ 3.0 x 15 mm@12 atm) [2]. Snuggle was a technique used to reduce the balloons
juxtaposition by positioning the two proximal radio opaque markers of each balloons 2 mm
before the polygon of confluence (POC) entry (Fig. 1). All sequences were concluded by a
final POT. Stent and balloon sizes and inflation pressures were adapted following
European Bifurcation Club (EBC) recommendations [1], to achieve distal and proximal
stent artery/ratio (SAR) of 1.0-1.1.

2.2. OCT analysis

2D- and 3D-OCT analysis (Lunawave™ OFDI system, Terumo, Belgium) before and
after final POT quantified lumen area (mm?) and mean (Dpean), Maximum (Dp.y) and
minimum diameter (Dy,). Areas of interest comprised: 1) proximal MoV after first
5 mm; 2) POC entry; and 3) main branch. Ellipticity ratio was calculated as Dyax/Dmin
(1.0 = perfect circularity). After millimetric cross-sectional stent analysis, global
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Fig. 1. Main final POT effects in three provisional stenting techniques. *p < 0.05 vs. before
final POT. Ellipticity ratio was measured at polygon of confluence entry. KBI: kissing-
balloon inflation; POT: proximal optimization technique; SBO: side-branch obstruction.

Table 1
Mechanical results of final POT after KBI, snuggle and rePOT techniques.

malapposition (threshold: 110 um) was calculated as percentage malapposed/total struts.
Final SBO was calculated by planimetry as: (A1/A2) x 100% (A1 = total strut area in
ostium; A2 = total ostium area) [2].

2.3, Statistical analysis

Quantitative variables were expressed as mean 4+ SD. Quantitative effects were com-
pared on Mann-Whitney and Wilcoxon tests, on GraphPad Prism 5 software (GraphPad
Software, CA, USA). The significance threshold was p < 0.05.

3. Results

Final POT decreased global malapposition from 7.6 + 5.3% to 2.2 +
2.5% (p < 0.05) and elliptic deformation from 1.15 + 0.07 to 1.09 + 0.04
(p < 0.05), without effect on SBO (11.5 4 9.6% to 12.9 + 10.6%; p = NS)
(Fig. 1). Table 1 presents final POT effects according to technique: KBI,
Snuggle and rePOT.

4. Discussion

This study is the first to quantify mechanical effects of final POT after
KBI, Snuggle and rePOT provisional stenting techniques. Experimentally,
final POT significantly improved global malapposition and ellipticity
ratio, without effect on final SBO. However, it failed to fully correct prox-
imal elliptic deformation and overstretch at POC entry induced by balloon
juxtaposition in KBI and Snuggle, compared to perfect results with rePOT.

4.1. Impact of final POT according to provisional stenting technique

Final POT provided benefit whichever technique was used, but espe-
cially when elliptic deformation or global malapposition were signifi-
cant, as in KBI and Snuggle. Like initial POT [1-3], final POT appears
mandatory in whatever provisional stenting technique, to correct
i) malapposition induced during SB opening by stent strut attraction
facing the carina, and ii) elliptic deformation due to balloon juxtaposi-
tion. However, as demonstrated by Foin et al. [5], proximal ellipticity
correction after final POT is incomplete in balloon juxtaposition tech-
niques (KBI or snuggle), especially compared to rePOT.

KBI technique (n = 5)

Snuggle technique (n = 5)

rePOT technique (n = 5)

Before final POT After final POT

Before final POT

After final POT Before final POT After final POT

Proximal mother vessel

Dimean (Mm) 4.19 £ 0.09 427 +0.04"
Dpnax (Mm) 435+ 0.18 447 + 011"
Dpin (Mmm) 4.02 + 0.02 4.10 £ 0.06
Area 13.78 4+ 0.58 1433 + 046
Ellipticity ratio 1.08 + 0.05 1.09 + 0.03"
SAR 1.04 £+ 0.02 1.06 + 0.02
POC entry
Dinean (Mm) 424 + 0.02 426 + 0.08"
Dimax (Mm) 4.66 + 0.07 447 + 007"
Dpin (Mm) 3.83 + 0.06 4.04 +0.12
Area 14.22 + 0.13 14.26 + 0.50
Ellipticity ratio 122 +0.04 1.11 + 0.03"
SAR 1.05 £ 0.02 1.01 + 0.01
Main branch
Dinean (Mm) 3.49 £ 0.05 3.45 4+ 0.06
Ellipticity ratio 1.05 £+ 0.02 1.03 £ 0.01
SAR 1.06 + 0.06 1.05 £+ 0.04
Global malapposition (%) 103 + 4.6 14+ 2.1
SBO (%) 91+72 89469
Fractal ratio 0.65 + 0.02 0.66 + 0.01

4.20 £+ 0.01 4.22 +£0.03 4.18 £+ 0.06 4.18 £+ 0.05
427 +£0.04 428 +£0.13 425+ 0.05 425+ 0.05
4.14 + 0.02 4.10 £ 0.07 4.09 £+ 0.09 4.10 £+ 0.07
13.85+0.10 13.82 £ 041 13.70 + 0.35 13.70 + 0.36
1.03 + 0.02 1.04 + 0.03 1.04 + 0.02 1.04 + 0.01
1.03 + 0.02 1.03 + 0.02 1.03 + 0.02 1.03 £ 0.01
4.13 £+ 0.04 4.15 £ 0.03 4.10 £+ 0.02 4.12 £+ 0.06
4.40 £+ 0.10 436 4 0.07" 425+ 0.03 422 + 0.06
3.80 £ 0.11 3.95 + 0.09 3.96 + 0.05 4.01 £+ 0.08
13.41 £ 0.27 13.56 + 0.17 13.19 + 0.16 1334 £ 039
1.16 + 0.05 1.11 + 0.04" 1.07 + 0.01 1.05 £ 0.02
1.01 + 0.02 1.01 + 0.01 1.01 £ 0.01 1.01 £ 0.02
3.49 £+ 0.05 3.54 + 0.03 3.47 £+ 0.05 3.47 £+ 0.05
1.05 + 0.02 1.03 + 0.02 1.03 £ 0.01 1.04 £ 0.02
1.06 & 0.06 1.06 + 0.02 1.06 + 0.02 1.06 + 0.03
48 £55 26 +37 79 + 4.6 26+ 1.5
221455 243 4+9.1° 33+36 56 +3.5
0.65 + 0.01 0.65 + 0.00 0.65 + 0.01 0.65 + 0.01

Values are expressed as mean = SD. No significant difference between before and after final POT. KBI: kissing-balloon inflation, POT: proximal optimization technique, D: diameter, SAR:

stent/artery ratio, POC: polygon of confluence, SBO: side-branch obstruction.

* p<0.05 vs. final complete rePOT technique.
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4.2. Mini-kissing or “Snuggle” technique

Given the deleterious effect of proximal balloon juxtaposition in KBI
[2], the “Snuggle” technique, with shorter juxtaposition balloon, was
imagined (Fig. 1). Despite limited juxtaposition, elliptic deformation at
POC entry remained greater, like with KBI, than with rePOT. Surpris-
ingly, Snuggle induced greater SBO than rePOT or KBI (22.1 £ 5.5%,
5.6 £ 3.5% and 9.1 & 7.2%, respectively), perhaps by strut attraction
from main vessel to SB due to balloon slippage during inflation.

4.3. Limitations

The main limitation of this study lay in the use of healthy bifurcation
bench model which couldn't quantify a potential carina shifting. How-
ever, this non-pathological character didn't impact on the ellipticity
ratio and malapposition final results.

5. Conclusion

Experimentally, final POT after provisional stenting (KBI, Snuggle,
rePOT) improved global malapposition and ellipticity ratio. So final
POT, like initial POT, seems recommended in provisional stenting, to
improve final results whatever the technique used. However, it failed
to completely correct elliptical deformation induced by balloon

juxtaposition (Snuggle and KBI) unlike in the simpler rePOT sequence.
Finally, the Snuggle, imagined to limit the elliptical deformation induced
by KBI, was complicated by a greater final SBO.
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