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BACKGROUND

Coronary bifurcation revascularization remains a major challenge in interventional cardiology. Bifurcation anatomy, governed by specific fractal geometry between vessel diameters [START_REF] Murray | The physiological principle of minimum work applied to the angle of branching of arteries[END_REF][START_REF] Finet | Fractal geometry of arterial coronary bifurcations: a quantitative coronary angiography and intravascular ultrasound analysis[END_REF], promotes local atherogenesis (3) and complicates revascularization. Several non-sequential techniques using simultaneous balloon inflation were described, to optimize stent implantation. None, however, notably including kissing balloon inflation (KBI), ever demonstrated clinical benefit [START_REF] Gwon | Final kissing ballooning and long-term clinical outcomes in coronary bifurcation lesions treated with 1-stent technique: results from the COBIS registry[END_REF][START_REF] Niemelä | Randomized comparison of final kissing balloon dilatation versus no final kissing balloon dilatation in patients with coronary bifurcation lesions treated with main vessel stenting: the Nordic-Baltic Bifurcation Study III[END_REF] in single-stent provisional stenting [START_REF] Lassen | Percutaneous coronary intervention for the left main stem and other bifurcation lesions: 12th consensus document from the European Bifurcation Club[END_REF], as the benefit of side-branch (SB) opening is outweighed by the detrimental proximal effect of juxtaposing balloons (supplementary data, Table 1A). Better understanding of the specificities of bifurcations and new experimental bench methods led to the development of a new provisional stenting technique, which is purely sequential: re-POT. In contrast to the juxtaposition techniques, re-POT sequentially associates: 1) an initial proximal optimization technique (POT), 2) SB opening, and 3) final POT [START_REF] Finet | Comparative Analysis of Sequential Proximal Optimizing Technique Versus Kissing Balloon Inflation Technique in Provisional Bifurcation Stenting: Fractal Coronary Bifurcation Bench Test[END_REF][START_REF] Dérimay | Benefit of a new provisional stenting strategy: the re-Proximal Optimisation Technique. The rePOT clinical study[END_REF]. This review presents the development and validation of the concepts underlying this new re-POT technique, leading to a proposal for a new, purely sequential, strategy of provisional stenting.

BIFURCATION PATHOPHYSIOLOGY

Fractal geometry

In 1926, based on the principles of the law of conservation of mass (outflow equals inflow) and "minimum work", C.D. Murray [START_REF] Murray | The physiological principle of minimum work applied to the angle of branching of arteries[END_REF] demonstrated a cubic relation between the diameters in a bifurcation, such that DMOV 3 =DMB 3 +DSB 3 (MoV: mother vessel; MB: main branch; SB: side branch). This represents the optimal cost/function conditions in an arterial bifurcation: "The function creates the organ" (9). It was then refined by including the bifurcation within the whole coronary tree: D MoV 7/3 =D MB 7/3 +D SB 7/3 (10) (HK model). Finally, Finet et al. simplified routine implementation, with a linear formula: DMoV=0.678x(DMB+DSB) [START_REF] Finet | Fractal geometry of arterial coronary bifurcations: a quantitative coronary angiography and intravascular ultrasound analysis[END_REF]. This fractal geometry thus entails an expected difference between MoV and MB diameters, greater the smaller the branch diameters difference. Any bifurcation revascularization strategy is obliged to take this into account.

Atherogenesis and bifurcation

Changes in fluid dynamics within bifurcations, with consequent changes in endothelial shear stress (ESS) distribution [START_REF] Giannoglou | Flow and atherosclerosis in coronary bifurcations[END_REF], favor the development of atherosclerosis [START_REF] Chatzizisis | Role of endothelial shear stress in the natural history of coronary atherosclerosis and vascular remodeling : molecular, cellular and vascular behavior[END_REF]. On the lateral bifurcation walls, facing the carina, ESS is reduced, and increased at the carina (3). The proatherogenic effect of low ESS was clearly demonstrated in terms of both onset [START_REF] Chatzizisis | Role of endothelial shear stress in the natural history of coronary atherosclerosis and vascular remodeling : molecular, cellular and vascular behavior[END_REF] and growth of atherosclerotic plaque [START_REF] Giannoglou | Flow and atherosclerosis in coronary bifurcations[END_REF].

The wide variety of bifurcation anatomies makes classification difficult; nevertheless, the simple Medina classification has become the reference [START_REF] Medina | A new classification of coronary bifurcation lesions[END_REF], coding angiographic involvement (>50% vs. <50% stenosis) in each successive segment. It identifies "true" bifurcations, associating involvement of the SB and at least one other vessel, needing more complex revascularization techniques, but does not include other essential factors: degree of calcification, bifurcation angle or lesion length, particularly in the SB.

Bifurcation anatomy and function

Coronary bifurcations meet the requirement to distribute an expected coronary flow to a given myocardial mass [START_REF] Choy | Scaling of myocardial mass to flow and morphometry of coronary arteries[END_REF]. In a bifurcation, the proportion of inflow dispatched to either branch depends on both their respective reference diameters and the ratio between them. Thus the proportion of total coronary inflow at the bifurcation entrance going to a 2.0 mm SB will differ if MB diameter is 2.4 mm or 4.7 mm, varying by a factor of 3: 12% if DMB/DSB=1.2 vs. 40% if DMB/DSB=2.35 [START_REF] Kassab | Anatomy and function relation in the coronary tree: from bifurcations to myocardial flow and mass[END_REF]. Clinical risk is directly related to this flow, which corresponds to the at-risk myocardial mass [START_REF] Choy | Scaling of myocardial mass to flow and morphometry of coronary arteries[END_REF]. The revascularization strategy, particularly as concerns whether to open or stent the SB or not, has to take full account of all of these parameters, and not just of SB diameter.

BIFURCATION REVASCULARIZATION

The objective of coronary bifurcation revascularization can be summed up as restoring the initial fractal geometry deformed by the atherosclerotic process. It is also essential to correct the expected proximal stent malapposition and limit strut obstruction in the SB ostium, especially when this is hemodynamically significant. The revascularization, however, should not be at the expense of the integrity of one of the vessels, by overstretch or elliptic deformation, especially of the main axis (MoV-MB), which has the greatest clinical prognostic value.

Priority to DES and provisional stenting

Current European Bifurcation Club (EBC) recommendations exclusively favor newgeneration drug eluting stents (DES) sized according to the reference MB diameter for bifurcation angioplasties [START_REF] Lassen | Percutaneous coronary intervention for the left main stem and other bifurcation lesions: 12th consensus document from the European Bifurcation Club[END_REF]. Sizing according to MoV diameter risks both loss of the SB by carina shifting and/or distal dissection of the MB by oversizing. Also, a provisional stenting strategy is recommended: many complex revascularization strategies (≥2 stents) were proposed but, in the various trials, these multi-stent strategies never demonstrated any clinical benefit ( 16), while complications rates were higher [START_REF] Behan | Simple or complex stenting for bifurcation coronary lesions: a patient-level pooled-analysis of the Nordic Bifurcation Study and the British Bifurcation Coronary Study[END_REF]. Provisional stenting may, however, not be suitable in case of certain anatomic factors such as long SB lesion, acute carina angle, or severe calcification [START_REF] Lassen | Percutaneous coronary intervention for the left main stem and other bifurcation lesions: 12th consensus document from the European Bifurcation Club[END_REF]. However, provisional stenting still allows additional "bailout" SB stenting if results prove unsatisfactory (>70% stenosis, TIMI flow<III, dissection>B).

KISSING BALLON INFLATION (KBI) TECHNIQUE

From clinical experimentation…

Described since the 1980s, the concept of balloon juxtaposition at first seemed attractive, both to control strut displacement during SB ostium opening and to correct expected proximal malapposition [START_REF] Ormiston | Stent deformation following simulated side-branch dilatation: a comparison of five stent designs[END_REF][START_REF] Ormiston | Drugeluting stents for coronary bifurcations: bench testing of provisional side-branch strategies[END_REF]. Without any real competitor, KBI rapidly became the established attitude, despite the lack of prior experimental validation taking real bifurcation functional anatomy into account. The bench tests then in use did not respect fractal geometry, thus no expected malapposition could be detected. Moreover they were in rigid plexiglass, making them undeformable [START_REF] Ormiston | Stent deformation following simulated side-branch dilatation: a comparison of five stent designs[END_REF][START_REF] Ormiston | Drugeluting stents for coronary bifurcations: bench testing of provisional side-branch strategies[END_REF]. KBI is strongly recommended in complex revascularization strategies ( 6), yet has never shown clinical benefit in provisional stenting despite studies including more than 9,000 patients during the last 10 years (supplementary data Table 1A).

Compared with simple stent implantation, KBI either seemed to be clinically neutral [START_REF] Niemelä | Randomized comparison of final kissing balloon dilatation versus no final kissing balloon dilatation in patients with coronary bifurcation lesions treated with main vessel stenting: the Nordic-Baltic Bifurcation Study III[END_REF] or induced greater target lesion revascularization (TLR) along the main axis (4), outweighing any benefit to be expected from SB opening [START_REF] Hahn | Predictors and outcomes of side branch occlusion after main vessel stenting in coronary bifurcation lesions: results from the COBIS II Registry (COronary BIfurcation Stenting)[END_REF]. In a meta-analysis (21) of 5 randomized trials assessing the clinical benefit of KBI in provisional stenting, KBI significantly reduced restenosis rates in the SB (OR: 0.44[0.30-0.64]), but tripled them in the MoV (OR: 2.96[1.74-5.01]); these contrasting effects may account for the final neutrality. It is moreover notable that KBI has always been compared against simple stent implantation, without post-dilatation to optimize apposition and/or SB obstruction.

…to experimental demonstration

In 2013, two studies, with IVUS and OCT [START_REF] Rahman | Impact of kissing balloon inflation on the main vessel stent volume, area, and symmetry after side-branch dilation in patients with coronary bifurcation lesions: a serial volumetric intravascular ultrasound study[END_REF][START_REF] Hariki | Potential benefit of final kissing balloon inflation after single stenting for the treatment of bifurcation lesions-insights from optical coherence tomography observations[END_REF], assessed the real impact of KBI by demonstrating proximal deformation caused by juxtaposing balloons, with ellipticity ratio increasing to 1.23±0.06 on IVUS and 1.22±0.06 on OCT, associated with significant proximal overstretch. In 2014, Mortier et al. [START_REF] Mortier | Provisional stenting of coronary bifurcations: insights into final kissing balloon post-dilation and stent design by computational modeling[END_REF], in fractal bench experimentation, confirmed this deformation, with an ellipticity ratio of 1.36 (Figure 1A). This asymmetric post-dilatation may also entail focal malapposition, by a "string effect" (Figure 1B), or diffuse malapposition, by a "bottle-neck effect" (25) (Figure 1C), if the KBI balloon lengths are shorter than the proximal stent segment requiring post-dilatation. Residual malapposition and overstretch both in the arterial wall and in the scaffold along the MoV-MB axis [START_REF] Russo | Coronary artery overexpansion increases neointimal hyperplasia after stent placement in a porcine model[END_REF][START_REF] Guérin | Drug-eluting stents in bifurcations: bench study of strut deformation and coating lesions[END_REF] may account for the clinical results following KBI.

New concepts

Various strategies were therefore designed to improve on KBI, such as asymmetric inflation pressure between the balloons, experimentally reducing MoV elliptic deformation [START_REF] Mortier | Provisional stenting of coronary bifurcations: insights into final kissing balloon post-dilation and stent design by computational modeling[END_REF]. Y.

Murasato proposed a "mini-kissing" or "snuggle" technique to reduce juxtaposition length and thus overstretch [START_REF] Dérimay | Benefits of final proximal optimization technique (POT) in provisional stenting[END_REF]. However, all these "KBI-like" variants still involved simultaneous balloon inflation, simply seeking to alleviate the harmful consequences.

New thinking was developed in the annual meetings of the EBC, seeking to conceive of techniques that would perfectly respect physiological arterial geometry. In 2007, O.

Darremont first proposed performing initial POT, to facilitate rewiring through the SB ahead of balloon opening and, in the light of diameter differentials, to optimize proximal apposition. This initial POT was rapidly adopted in current practice, without any demonstration, like KBI before it.

Foin et al. then proposed the first simple purely sequential technique, associating SB opening and final POT [START_REF] Foin | Kissing balloon or sequential dilation of the side branch and main vessel for provisional stenting of bifurcations: lessons from micro-computed tomography and computational simulations[END_REF], reducing malapposition while respecting MoV integrity in comparison with KBI. Finally, a final POT, after KBI, experimentally demonstrated reduced elliptic deformation from 28% to 10% and reduced proximal malapposition [START_REF] Foin | Final proximal post-dilatation is necessary after kissing balloon in bifurcation stenting[END_REF].

TOWARD A SEQUENTIAL TECHNIQUE

Re-POT strategy

Carrying on from these new ideas and concepts, a novel purely sequential technique called re-POT was conceived by Finet et al. [START_REF] Finet | Comparative Analysis of Sequential Proximal Optimizing Technique Versus Kissing Balloon Inflation Technique in Provisional Bifurcation Stenting: Fractal Coronary Bifurcation Bench Test[END_REF]. This 3-step technique, associating initial POT, SB opening and final POT, was designed to fulfil the charge-book for bifurcation stenting: i) correction of malapposition; ii) optimization of SB opening; and iii) conservation of vessel integrity, without overstretch or elliptic deformation. Each of the steps is essential.

1. Initial POT, after stent implantation, reduces SB obstruction, facilitating recrossing the SB and correcting the expected proximal malapposition [START_REF] Finet | Comparative Analysis of Sequential Proximal Optimizing Technique Versus Kissing Balloon Inflation Technique in Provisional Bifurcation Stenting: Fractal Coronary Bifurcation Bench Test[END_REF]. This correction incurs a risk of the wire passing outside the stent in the MoV during SB recrossing.

2. SB inflation limits SB obstruction, which is a major endpoint in terms of clinical prognosis [START_REF] Jang | Differential effect of side branch intervention on long-term clinical outcomes according to side branch stenosis after main vessel stenting: Results from the COBIS (Coronary Bifurcation Stenting) Registry II[END_REF].

3. Final POT corrects any carina shift at the expense of the MB and also any malapposition secondary to strut attraction after SB inflation [START_REF] Dérimay | Benefits of final proximal optimization technique (POT) in provisional stenting[END_REF][START_REF] Foin | Kissing balloon or sequential dilation of the side branch and main vessel for provisional stenting of bifurcations: lessons from micro-computed tomography and computational simulations[END_REF].

In contrast to previous techniques, assessment of the new re-POT sequence has been progressive: from the experimental proofs of concept to the clinical demonstrations.

Experimental validation of re-POT

A fractal bifurcation bench study compared re-POT versus the other main non-sequential techniques, including KBI. With step-by-step serial OCT analysis, re-POT gave better final mechanical results than any of the KBI-like techniques, drastically reducing overall malapposition and optimizing SB opening without distorting parietal circularity [START_REF] Finet | Comparative Analysis of Sequential Proximal Optimizing Technique Versus Kissing Balloon Inflation Technique in Provisional Bifurcation Stenting: Fractal Coronary Bifurcation Bench Test[END_REF]. The expected specific benefits of the initial POT were also confirmed, correcting proximal malapposition, reducing metallic obstruction of the SB ostium and increasing the size of the most distal ostium cell [START_REF] Finet | Comparative Analysis of Sequential Proximal Optimizing Technique Versus Kissing Balloon Inflation Technique in Provisional Bifurcation Stenting: Fractal Coronary Bifurcation Bench Test[END_REF] to facilitate optimal guide recrossing toward the SB [START_REF] Foin | Location of side branch access critically affects results in bifurcation stenting: Insights from bench modeling and computational flow simulation[END_REF]. These good experimental results were confirmed independently of any particular last-generation DES design [START_REF] Dérimay | Influence of platform design of six different drug-eluting stents in provisional coronary bifurcation stenting by rePOT sequence: a comparative bench analysis[END_REF].

Clinical validation of re-POT

The multicenter prospective re-POT Study (8) used serial OCT guidance to focus on in-vivo mechanical results of re-POT. One hundred and six patients were included, 40.6% with left main lesions and 39.6% with true Medina bifurcations. Re-POT reproduced in-vivo the mechanical results found in the previous experimental studies. Compared with simple stent implantation, re-POT drastically reduced malapposition (18.9% vs. 3.2%; p<0.05), optimized final SBO (36.1% vs. 12.1%; p<0.05), and improved proximal MoV circularity (1.19 vs. 1.13; p<0.05) [START_REF] Dérimay | Benefit of a new provisional stenting strategy: the re-Proximal Optimisation Technique. The rePOT clinical study[END_REF]. There was only 1 clinical event (TLR) at 6 months. The Re-POT study also confirmed the benefit of initial POT, like in the bench tests, optimizing both MoV apposition and circularity.

POT: WHERE, WHEN, HOW?

The sequential re-POT technique is thus essentially based on the two POTs, initial and final.

The technique is very simple, but does require certain technical precautions to maximize benefit in terms both of apposition and of SB ostium optimization.

Where?

POT balloon positioning is essential. It is recommended to position the balloon by aligning the carina cross-sectional plane with the distal radio-opaque marker on the balloon [START_REF] Lassen | Percutaneous coronary intervention for the left main stem and other bifurcation lesions: 12th consensus document from the European Bifurcation Club[END_REF].

However, experimental analysis of balloon positioning showed that it is not so much the distal marker as the position of the distal shoulder, where the balloon ceases to be parallel, with respect to the carina, that is relevant to the mechanical result [START_REF] Dérimay | Optimal balloon positioning for the Proximal Optimization Technique? An experimental bench study[END_REF]. Positioning this at the carina ensures all the expected benefit of POT with no deleterious effects, especially as concerns the MB. Too proximal a position fails to fully optimize the SB ostium, while too distal a position leads to MB ostium overstretch (Figure 2A) [START_REF] Dérimay | Optimal balloon positioning for the Proximal Optimization Technique? An experimental bench study[END_REF]. Detailed analysis of balloon structures reveals wide variations between manufacturers in the position of the distal shoulder relative to the radio-opaque marker (figure 2B). The proximal position of the balloon is just as important for POT: it needs to be complete, without residual bottle-neck, but not excessive (i.e., strictly intra-stent).

When?

It is now unambiguously recommended to begin any bifurcation revascularization with an initial POT [START_REF] Lassen | Percutaneous coronary intervention for the left main stem and other bifurcation lesions: 12th consensus document from the European Bifurcation Club[END_REF][START_REF] Finet | Comparative Analysis of Sequential Proximal Optimizing Technique Versus Kissing Balloon Inflation Technique in Provisional Bifurcation Stenting: Fractal Coronary Bifurcation Bench Test[END_REF][START_REF] Dérimay | Benefit of a new provisional stenting strategy: the re-Proximal Optimisation Technique. The rePOT clinical study[END_REF], but the role of a final POT is more controversial. A recent experimental bench study [START_REF] Dérimay | Benefits of final proximal optimization technique (POT) in provisional stenting[END_REF] analyzed, for the first time, the specific benefit of using a final POT to conclude the main provisional stenting techniques: re-POT, KBI and snuggle. Whatever the preceding technique, final POT reduced overall malapposition (7.6% vs. 2.2%; p<0.05) and improved MoV circularity (1.15 vs. 1.09; p<0.05). It seems thus to be beneficial in all cases, and should be recommended just as systematically as initial POT. Even so, final POT alone was insufficient to entirely correct the deleterious mechanical effects of KBI-like techniques described above (KBI and snuggle) [START_REF] Dérimay | Benefits of final proximal optimization technique (POT) in provisional stenting[END_REF].

How?

The balloon characteristics used for POT are also essential, especially as regards compliance.

The mechanical properties of non-compliant, unlike compliant, balloons incur extra risk of residual malapposition due to under-deployment (25) (Figure 3). The objective of POT is not so much to achieve real post-dilatation as to displace the stent so that it is well-apposed against the vessel wall. Little force (<1.0 atm) is needed to displace the struts of a lastgeneration DES [START_REF] Etave | Mechanical properties of coronary stents determined by using finite element analysis[END_REF]. There is thus no problem of "force", but only of "displacement", needed for optimal adaptation to the vessel reference diameter, in order to achieve a stent/artery ratio >1.0 (6) (i.e., perfect apposition), without overstretch. Only compliant balloons, with progressively increasing inflation pressure, can adapt to a sufficiently wide range of diameters to meet the precise target diameter. Experimentally, the range of diameters available at increasing inflation pressure is much wider for compliant than non-compliant balloons (Figure 4). Using a compliant balloon for POT thus allows "made-to-measure" proximal stent apposition, whereas non-compliant balloons provide only "prêt-à-porter" solutions. Since 2017, compliant balloons have therefore been recommended for POT by the EBC [START_REF] Lassen | Percutaneous coronary intervention for the left main stem and other bifurcation lesions: 12th consensus document from the European Bifurcation Club[END_REF].

DISCUSSION AND PERSPECTIVES

In the light of these experimental and clinical studies, a new decision-tree for provisional stenting using a purely sequential strategy can be proposal (figure 5).

As recommended, after DES implantation adapted to MB diameter, initial POT should be systematic, preferably using a compliant balloon (6,7) optimally positioned [START_REF] Dérimay | Optimal balloon positioning for the Proximal Optimization Technique? An experimental bench study[END_REF]. The POT may be enough in itself in some situations, if the results can already be considered optimal: non-significant (<70%) SB ostial stenosis [START_REF] Song | Optimal Strategy for Provisional Side Branch Intervention in Coronary Bifurcation Lesions: 3-Year Outcomes of the SMART-STRATEGY Randomized Trial[END_REF], perfect TIMI flows, no visible dissection, and only a small SB area at risk (figure 5) (if DSB<2mm and DMB/DSB>2, the global inflow to the SB is <20%) [START_REF] Kassab | Anatomy and function relation in the coronary tree: from bifurcations to myocardial flow and mass[END_REF]. Respecting the SB is all the easier if any technical difficulties, such as acute angle or pathologic carina, can be anticipated. In most cases, however, the full 3-step re-POT strategy will be needed to optimize flow to the SB without altering the main MoV-MB axis. POT improves rewiring toward the SB and optimizes the SB ostium [START_REF] Finet | Comparative Analysis of Sequential Proximal Optimizing Technique Versus Kissing Balloon Inflation Technique in Provisional Bifurcation Stenting: Fractal Coronary Bifurcation Bench Test[END_REF], but the hemodynamic benefit in the SB remains negligible [START_REF] Hakim | Role of Proximal Optimization Technique Guided by Intravascular Ultrasound on Stent Expansion, Stent Symmetry Index, and Side-Branch Hemodynamics in Patients With Coronary Bifurcation Lesions[END_REF]. If open strut cells are considered necessary, the sequence needs to be completed by rewiring via the distal cell [START_REF] Dérimay | Influence of platform design of six different drug-eluting stents in provisional coronary bifurcation stenting by rePOT sequence: a comparative bench analysis[END_REF] to open with a balloon diameter matching the SB diameter (figure 5). Then, final POT, similar to initial POT, should be systematic [START_REF] Dérimay | Benefits of final proximal optimization technique (POT) in provisional stenting[END_REF]. The final results can then be considered optimal if flow along the two axes is normal, without significant residual stenosis [START_REF] Koo | Physiologic assessment of jailed side branch lesions using fractional flow reserve[END_REF]. If necessary, a bailout strategy with additional stenting may be considered. A: Main mechanical effects of initial POT according to balloon position (n=5/groups). i) "Proximal": distal shoulder 1 mm before carina. ii) "Medium": distal shoulder at the carina.

CONCLUSIONS

iii) "Distal": distal shoulder 1 mm after the carina. OCT quantifications. *p<0.05. Adapted from Dérimay et al. [START_REF] Dérimay | Optimal balloon positioning for the Proximal Optimization Technique? An experimental bench study[END_REF]. B: Position of the distal shoulder (red line) according to loss of parallelism (yellow line) relative to the radio-opaque marker. SBO: side-branch obstruction; SAR MB: stent/artery ratio at the main branch ostium; POT: proximal optimization technique. 

  Advances in the knowledge of the specific issues involved in revascularizing coronary bifurcations have given rise to new concepts, which in turn have led to a new purely sequential technique, in contrast to classical balloon juxtaposition methods. Experimental and first clinical validation studies confirmed the mechanical efficacy of this new and simple re-POT technique. Thanks to this demonstration, it seems possible to suggest a new purely sequential provisional stenting strategy for coronary bifurcations. A large multicenter international registry (NCT03550196) is currently being set up ahead of a future randomized trial.
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