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Abstract

Coronary bifurcations are involved in 15-20% of all percutaneous coronary interventions (PCI) and remain
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as long-term cardiac events. The optimal management of bifurcation lesions is, despite a fast growing body
of scientific literature, the subject of considerable debate. The European Bifurcation Club (EBC) was initi-
ated in 2004 to support a continuous overview of the field, and aims to facilitate a scientific discussion and
an exchange of ideas on the management of bifurcation disease. The EBC hosts an annual, compact meet-
ing, dedicated to bifurcations, which brings together physicians, engineers, biologists, physicists, epidemi-
ologists and statisticians for detailed discussions. Every meeting is finalised with a consensus statement
which reflects the unique opportunity of combining the opinions of interventional cardiologists with the
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opinions of a large variety of other scientists on bifurcation management. The present 11™ EBC consensus
document represents the summary of the up-to-date EBC consensus and recommendations. It points to the
fact that there is a multitude of strategies and approaches to bifurcation stenting within the provisional strat-
egy and in the different two-stent strategies. The main EBC recommendation for PCI of bifurcation lesions
remains to use main vessel (MV) stenting with a proximal optimisation technique (POT) and provisional
side branch (SB) stenting as a preferred approach. The consensus document covers a moving target. Much
more scientific work is needed in non-left main (LM) and LM bifurcation lesions for continuous improve-
ment of the outcome of our patients.
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“Which way you ought to go depends on where you want to get to”.
The Cheshire Cat, Alice’s Adventures in Wonderland,
Lewis Carroll (1865)

Introduction

A bifurcation coronary lesion is a lesion occurring at, or adjacent
to, a significant division of a major epicardial coronary artery'?.
A “significant” side branch (SB) is most often arbitrarily defined
based upon the subjective judgement of the operator. In practice,
this implies that a significant SB is a branch that the operator does
not want to lose after evaluating the individual patient in a global
context, i.e., patient symptoms, patient comorbidity, diameter and
length of side branch, plaque burden and localisation in the bifur-
cation area, angle between main branch (MB) and SB, size of the
myocardial mass supplied by the SB, location of ischaemia, via-
bility of the supplied myocardium, collateralising vessel, left ven-
tricular function, and the results of functional tests'-.

The dilemma of bifurcation treatment

The first step in bifurcation treatment is to evaluate whether or
not the SB will cause clinical problems if it is lost during the pro-
cedure. Thus, if it is known beforehand that there is a high risk
of SB closure, it is possible to choose a technique that protects
the SB up front, i.e., often a two-stent technique or the use of
a dedicated device. A more complex technique such as this may,
however, have a higher risk of periprocedural biomarker leaks
(myocardial infarction) and may also be burdened with a higher
risk of long-term adverse effects (restenosis, stent thrombosis,
myocardial infarction, etc.)>*. On the other hand, if the risk of SB
closure is low, it is possible to choose a simpler strategy (provi-
sional approach), with lower periprocedural risk and lower long-
term event rates. This technique carries an inborn risk of losing
the SB if, despite the pre-treatment risk evaluation, it closes dur-
ing the procedure. As a consequence, the optimal management
of bifurcation lesions is still, despite a fast growing body of sci-
entific literature in the field, the subject of considerable debate!.
The way forward calls for more long-term follow-up data in the
already finalised studies to gain more knowledge of the long-term
effects of the different techniques and devices. Furthermore, stud-
ies on stent techniques with the new-generation DES as well as
with dedicated devices should be encouraged to define their role
in the treatment of coronary bifurcations. Finally, the role of bio-
degradable stents and optimal implantation techniques for bifurca-

tion treatment needs to be defined?.

Definitions

A simple description of bifurcation lesions, stenosis quantification,
and PCI techniques is not straightforward. Consensus was reached
by promoting a simplified and universal classification of bifurcation
lesions, the Medina classification! (Figure 1) and an accurate defi-
nition of each of the various techniques used in bifurcation stent-
ing combined with a precise classification system to facilitate the
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Figure 1. The Medina classification for bifurcation lesions. The
ciphers describe, in order, the proximal main vessel, the distal main
vessel and the side branch. The segments are termed “1” if the
segment has a diameter stenosis >50% by visual estimation;
otherwise, they are “0”.

description, the MADS classification (Figure 2)°. The two classi-
fications have provided the valuable opportunity to standardise
reports, to allow comparisons between studies and to facilitate inter-
pretation of published results. For all these reasons, systematic use
of these classifications is still strongly recommended by the EBC®.

Anatomy
The coronary bifurcation anatomy and physiology as well as the
interaction between interventional devices (stents, balloons) and
bifurcated vessel walls are promising, evolving fields of research.
In recent years, coronary bifurcation anatomy has been the sub-
ject of a series of studies, which have helped to characterise the
geometric relations linking MB and SB. Several mathematical
models (Murray’s*, Finet’s’, Huo-Kassab’s® and “area preserva-
tion”) have been reported and are based on different assumptions.
All together such models, besides some differences in estimated
coefficients, confirm that coronary bifurcation anatomy may basi-
cally be regarded as a complex vessel/function structure where
three different vessel segments (proximal MV, distal MV and
SB) are interpolated through the bifurcation core segment where
the distinction between MV and SB is merely virtual. A recently
reported experimental setting (with ex vivo angioscopy evaluation
in beating hearts) for the first time allowed the visual apprecia-
tion of such complex geometry directly’. Full description of each
individual bifurcation should incorporate both vessel diameters
and the angles created in the three dimensions of the space by the
main axes of the tree segments. Yet, major bifurcations, such as
the distal LM or left anterior descending artery-diagonal tend to
have different anatomic peculiarities calling for computer tomo-
graphy-based atlases providing realistic bifurcation models®. Such
comprehensive three-dimensional anatomic description is pivotal
for future studies on the local coronary flow through bifurcated
segments. Furthermore, since coronary circulation is tree-like, the
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M A D S flow reconstructions are expected to be influenced by the even-
Main prox. first Main Across side first Distal first Side branch first
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tual presence of different SBs of different sizes’. On such bases,
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ing. Ensuring optimal results in the MB may be more important
than optimising the angiographic appearance of the SB.

Figure 2. MADS classification. The MADS classification is

a systematic description of bifurcation stenting techniques Initial steps

grouped in families. It is based on two principles: 1) the final Almost all bifurcation lesions, including the distal LM bifurcation,

position of the stent(s) (one to three stents) in the bifurcation, can be safely treated by radial artery access using a 6 Fr guiding

z.md 2) the imp Ia.ntatzo.r{ orde.n The position of theff l.rSt catheter. When considering stenting large vessels using adjunctive
implanted stent in a bifurcation corresponds to a given
strategy out of four (MADS): M begins with a stent in the
proximal part of the MV, A with a stentin the MV Across the

SB, D defines a Double stent implantation, whether

technology such as rotablation or using a strategy that requires
simultaneous use of two stents, a balloon and stent, or three bal-
loons, a larger guiding catheter may be required.

simultaneously or not, and S consists of a stent implantation in Wiring the SB should be considered the standard approach

the SB first. A) Description of the MADS classification of unless the SB is so small that, in the opinion of the operator, its loss
bifurcation treatment. B) MADS classification of “inverted” would be irrelevant. As this decision can be difficult to make when
techniques. flow may be compromised by stenosis, an attempt to wire the SB
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Figure 3. Provisional side branch (SB) stenting approach. From I to 8: wiring both branches. Main branch (MB) stenting using a stent
diameter according to the distal MB reference. Proximal optimisation technique (POT). After 4, the procedure can be stopped. If SB needs

attention, wire exchange, wiring the SB through the MB distal strut. Kissing balloon inflation with short non-compliant balloons in order to
avoid SB dissection and stent distortion proximal to the polygon of confluence.




should always be actively considered. A narrow angle bifurcation,
bifurcations with ostial SB disease, and bifurcations with smaller
SB reference diameters are most likely to occlude after MB stent-
ing. Factors increasing complexity in SB wiring include severe
proximal MV stenosis, ostial SB stenosis, steep angulation and
<TIMI 3 flow. Specific tools and techniques have been devised
for wiring difficult SBs. Consideration of specific wire properties
including use of hydrophilic wires and special bends including the
“reverse wire technique” may be useful'®. Hydrophilic wires might
pass more easily but also increase the risk of dissection. Single
lumen and especially dual lumen microcatheters can be useful to
facilitate SB wiring in difficult cases''. When initial wiring of the
SB is impossible, plaque modification with balloon or rotablation

may facilitate wire passage.

Predilation and stenting
Predilatation of the MB prior to stenting is the usual approach in
patients with stable angina. Oversizing of the balloon should be
avoided but it is important to observe optimal balloon expansion
of the MV before stenting. When this does not occur, further lesion
preparation and/or debulking is required before stent deployment.
Routine SB dilation is unnecessary but in the presence of severe
ostial stenosis of the SB it should be considered. Potential advan-
tages of SB predilatation may include increased ostial SB lumen,
facilitated rewiring of the SB after stenting and avoiding rewiring
and post-dilatation of the SB after implantation of the MV stent'>.
Disadvantages of SB predilatation include the risk of dissection
with a potential increase in the requirement for SB stenting. Also,
if the dilated SB ostium is not scaffolded by the MV stent, the risk
of restenosis may be increased. Factors favouring SB predilatation
include suboptimal SB flow after wiring, extensive calcification

and extensive SB disease extending beyond the ostium.

Stent type and sizing

Permanent DES are recommended for bifurcation treatment.
The principal mechanism of SB distortion and narrowing after
MB stenting is shifting of the flow divider/carina. This can be
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minimised with careful stent sizing. Permanent DES should be
sized according to the distal MV reference diameter. Choosing
a stent where the platform accommodates expansion to the refer-
ence diameter of the proximal MV segment is required.

The proximal optimisation technique

Adequate apposition in the proximal MV is achieved by the proxi-
mal optimisation technique (POT). POT is performed by dilating
the proximal MV stent from the proximal stent edge to just proxi-
mal to the carina, using a short oversized balloon. Appropriately
sized non-compliant balloons may be selected for POT, but recent
data suggest that semi-compliant balloons are able to expand con-
temporary stents and appose stent struts to the proximal vessel
lumen in the absence of relevant atherosclerosis. POT facilitates SB
access, reduces risk of accidental abluminal rewiring, lowers risk
of stent distortion by catheter collision, and enhances scaffolding at
the SB ostium. Thus, POT should be considered a standard step in
bifurcation treatment (Figure 3).

Difficult SB rewiring after MV stenting

After stenting the MV, rewiring may be necessary if there is
impaired SB flow. Difficult SB rewiring may be facilitated by
modifying the distal guidewire tip, using a CTO wire such as the
Fielder FC, Sion, or Fielder XT (all ASAHI Intecc, Aichi, Japan),
or performing a new POT with higher pressure or a larger balloon
if the first POT was inadequate. If SB rewiring is not possible,
a bail-out technique is performed by leaving an uninflated bal-
loon in the MV and advancing a low-profile 1.0 to 1.5 mm bal-
loon catheter on the jailed wire (Figure 4). A “tunnel” can then be
created to allow passage of an SB balloon. It is essential to ensure
final re-expansion of the proximal MV stent. Re-crossing into the
SB in the distal portion of the stent promotes better ostial SB stent
coverage and apposition. This can be achieved by “pullback rewir-
ing” by advancing the guidewire with a bent tip into the distal MV
and then carefully retracting the wire while turning and directing

it towards the SB. The position of the wire re-crossing may be
verified by OCT?".

Figure 4. “Jailed wire” technique in case of impossible side branch (SB) access after main branch (MB) stenting. 1) Medina 1,1,0 lesion.

2) SB occlusion after MB stenting (stent too large leading to carina shifiing). 3) Dilatation with a small balloon on the “jailed wire”, restoring
the SB flow. 4) & 5) SB wiring from the MB stent and guidewire exchange. 6) Proximal optimisation technique (POT) and final kissing balloon
inflation or POT followed by side branch dilatation and finalised with POT (POT-side-POT).
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Kissing balloon inflations in simple stenting
Isolated dilation of the SB after MV stenting may cause partial or
complete jailing of the MV and is inadvisable. Historically, a routine
double balloon kissing strategy in single-stent treatment was consid-
ered. However, it is now clear that this routine approach has no clini-
cal advantage despite the theoretical improvements in the restoration
of bifurcation anatomy, expansion of the proximal MV, apposition
of jailing struts and balloon dilation of ostial SB lesions. This lack
of evidence of benefit of routine kissing balloon inflation probably
reflects the increased procedural complexity, the risk of SB dissec-
tion and the potential for accidental stent crush by proximal ablumi-
nal rewiring distortion. Kissing is necessary and recommended when
antegrade flow is impaired (TIMI flow <3), but, when flow is nor-
mal, discrete ostial SB pinching may not require further intervention
and, prior to deployment of a further stent, use of a pressure wire
can be considered. When SB pinching is discrete with normal flow,
FFR measurement will usually reassure the operator that an SB stent
is unnecessary. Often the acute ostial SB pinching will be caused
by transient obstruction, speculated to be thrombus, plaque debris or
vessel wall oedema, that may disappear over time.

Distortion of the MV stent after kissing inflations is common
and might result in a suboptimal outcome. An optimised sequence
including a final POT (rePOT) has shown favourable results com-
pared to finalising with kissing balloon only in bench testing and
modelling (Figure 5).

Side branch stent implantation technique in
provisional strategy
Stenting of the SB is indicated during the provisional approach:
1) when SB flow is compromised, 2) in the presence of a major
SB dissection, or 3) when the SB is significantly diseased and large
enough to lead to significant residual ischaemia. Occasionally, FFR
interrogation may suggest whether SB stenting is desirable. The
aspect of the SB ostial residual lesion may guide procedural tech-
nique (Figure 4, Figure 5).

SB T-stenting can be used in the majority of cases when SB
dilatation is done properly through a distal strut, and ostial scaf-
folding with the MB stent is adequate for the conventional T

technique without any overlap between the SB and the MV stent.
Therefore, after SB ballooning, it is very important to assess the
result at the SB ostium by a good angiogram with an optimal view,
and, when in doubt, to use a stent enhancement technique or OCT
in order to check SB ostium scaffolding. When the angulation is
near 90 degrees, T-stenting should always be considered, as other
techniques are associated with a high risk of stent malapposition.
Precise deployment of the SB stent at the ostium requires an opti-
mal view to avoid protrusion inside the MV stent or a gap between
the two stents. If the SB ostium is not properly covered by the
MV stent, an overlapping technique is necessary (T-and-protrusion
[TAP], culotte or internal crush). When TAP is used, the SB stent
is deployed with minimal protrusion into the MV while maintain-
ing an uninflated balloon in the MV. After retraction of the SB
stent balloon, kissing balloon dilatation is readily performed. This
TAP technique eliminates the need for a second SB rewiring, but
may produce a long metal carina in narrow angle bifurcations.
More protrusion of the SB stent inside the MV stent represents the
base for an internal mini-crush technique. This internal crush is
fast and theoretically easier to rewire than classic and mini-crush,
owing to the single jailing strut layer, but is limited by the maxi-
mum cell size of the main vessel stent, the risk of rewiring the true
lumen of the SB stent again due to incomplete crush, and by the
resulting triple strut layer often present in the proximal MV. The
clinical outcome for patients treated by internal crush is unknown.
Provisional culotte, with proximal overlap of two stents, can be
used when a DES that accommodates the proximal MV size is
available. Short stent overlap in the proximal MV and rewiring of

the MV near the carina are recommended.

Kissing balloon inflation in two-stent techniques
In two-stent techniques, high-pressure ostial and MV dilatation is
mandatory to achieve full stent expansion at both ostia, preferably
by inflating the balloon in the SB first, followed by the balloon in
the MV. Subsequently, a lower-pressure kissing inflation facilitates
carina optimisation and a final POT should be considered. When
performing kissing balloon dilation, it is clear that simultaneous
deflation of both balloons is important to avoid distorting the MV

Figure 5. RePOT strategy. From 1 to 8: wiring both branches. Main branch (MB) stenting using a stent diameter according to the distal MB
reference. Proximal optimisation technique (POT). After 4, the procedure can be stopped. If the side branch (SB) needs attention, wire

exchange, wiring the SB through the MB distal strut. SB opening using a short non-compliant balloon in order to avoid SB dissection. Final

POT in order to restore stent distortion opposite the SB.



stent. Use of short NC balloons for kissing balloon inflation in
order to avoid stent distortion, obtain full expansion and avoid SB

dissection is also recommended.

When is the provisional approach not
appropriate?

The recent EBC II trial provides insight into the provisional tech-
nique vs. culotte two-stent technique in bifurcation lesions (SB
>2.50 mm and more than 50% SB diameter stenosis): it confirms
that a minority of bifurcation lesions requires a “two-stent strat-
egy”. However, lesions with difficult wiring or large SB with
extensive disease extending >5-10 mm beyond the bifurcation
may be best approached electively with a two-stent technique'.

Planned two-stent techniques

Extensive experience by interventional cardiologists practising
bifurcation interventions supports the concept that implanting
DES in both the MV and the SB may safely treat a subgroup of
bifurcated lesions. A wide (and growing) series of techniques to
implant two stents in coronary bifurcation is available. Adequate
procedural control, e.g., by meticulous use of imaging modalities
and experience of the operator in effectively practising a particu-
lar double-stenting technique is probably more relevant as com-
pared with the specific technique selection. Indeed, the final aim
of a safe double-stenting strategy is to cover the diseased bifur-
cated vessel segments entirely by stent to warrant good scaffold-
ing at critical areas including the side branch ostium using kissing
balloon inflation (i.e., kissing inflation with documented appro-
priate expansion of the balloons) to limit stent overlap and avoid
stent distortion. Due to the angiographic ambiguity and complex-
ity of two-stent procedures, invasive imaging modalities such as
IVUS and OCT may provide crucial information during procedure
planning to ascertain anatomy and lesion preparation strategy, to
check wire positions and lesion coverage after stent implantation,
and to evaluate ascertained final stent and vessel expansion. As
previously reported, various double-stenting techniques are avail-
able. Some of them have gained greater acceptance among the
interventional community and are regarded as more conventional.
Culotte, crush, and T/TAP are gaining popularity on the basis of
either increasing scientific data or widespread clinical experience,
whereas the extended number of non-apposed struts and the cre-
ation of permanent, double barrels in the proximal MV suggest
reserving simultaneous kissing stent (SKS) techniques for rare
conditions, e.g., emergency management of suitable bifurcation
anatomies.

Culotte is a long-lasting technique whose efficacy has been
documented in trials (NORDIC I, II, IV and BBC ONE) but has
been questioned for distal LM bifurcation treatment'’. Culotte
may be practised in both intentional double-stenting procedures
and in provisional procedures requiring SB stenting as a bail-out.
In the case of intended double stenting, the first stent is usually
implanted from the distal SB into the MV followed by distal MV
rewiring and stent implantation from distal to the proximal MV.
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On the other hand, in the setting of provisional stenting, the SB
stent is the second stent to be implanted after MV stenting and
kissing ballooning. The main limitation of culotte stenting is the
possible presence of major mismatch between the size of the prox-
imal MV and SB. Thus, two aspects are recognised as critical, the
stent platform selection and the application of POT during the pro-
cedural flow. Indeed, stent selection should require full awareness
of the specific expansion potential in order to avoid major malap-
position in the MV. Furthermore, since relevant degrees of malap-
position are expected to occur during the procedure at the level of
the proximal MV, early correction by POT may facilitate the pro-
cedure course and prevent technical troubles.

Crush has evolved over time. After its first description by
Colombo, a series of improvements was reported. Its clinical per-
formance is now recognised to be highly dependent on technical
factors such as the success in ending up with a final kissing infla-
tion. According to the results of recent Chinese trials conducted
by highly experienced crush-dedicated operators, excellent clinical
performance for the so-called DK crush technique was reported'®.
Expert operators agree that a “modern” way to perform crush is
based on the following combination of technical refinements:
1) limiting the length of the crushed stent segment (mini-crush)
during stent implantation in the SB, 2) the use of an MV balloon
(instead of directly implanting the MV stent) to crush the SB stent
(step-crush), and 3) the performance of a first kissing balloon infla-
tion after stent crush in order to push away the first layer of stent
struts from the SB orifice and fully appose the struts on the carina
side (securing wire re-crossing towards the SB), thus increasing
the rate and success of final kissing inflation (DK crush).

The TAP technique represents an emerging refinement of
T stenting aimed at ensuring both full ostium coverage and final
kissing inflation'”. Ease of practice, full compatibility with 6 Fr
guiding catheters, suitability for both bail-out SB stenting and
elective double stenting, and “inverted” TAP by implanting the
first stent from the SB into the proximal MV are factors likely to
increase TAP popularity. However, a recognised limitation of the
TAP technique is the creation of a single layer neocarina which
may be more pronounced in the case of acute-angled bifurcations.
Such a metallic neocarina is an unnatural structure in the bifurca-
tion core segment with the risk of late endothelialisation and jail-
ing of the MV. For such reasons, dedication to limit protrusion
while implanting the SB stent is critical, as well as kissing balloon
inflation as a final step in branch post-dilation or treatment of TAP
restenosis. Selection of the technique should be influenced by the
angle, as culotte and crush techniques are associated with stent
distortion in T-shape angulations while TAP is associated with
a long carina in Y-shape angulations (Figure 6).

0,0,1 treatment

Treatment of Medina 0,0,1 lesions has not been well investigated.
A true isolated lesion located at the SB ostium is relatively rare and
is even less common if such angiographic lesions are investigated

by: 1) invasive imaging such as IVUS or OCT, since extension of
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Figure 6. Proximal vs. distal strut side branch rewiring in
provisional double-stent techniques. When the angulation between
the main vessel and the side branch approaches 90 degrees,
provisional T-stenting is recommended and might be best supported
by rewiring through the distal struts (upper right). In lesser angle
bifurcations, provisional culotte, TAP or internal crush techniques
may be preferred. These techniques are better supported by rewiring
through the proximal struts (lower right).

atherosclerotic disease to the MV is often disclosed, or 2) FFR,
as short ostial non-Cx lesions are often FFR negative. Due to the
risk of impairing the MV during PCI for 0,0,1 lesions, the absence
of significant ischaemia or symptoms may indicate a conserva-
tive management with optimal medical therapy. Different technical
options have been suggested for PCI of 0,0,1 lesions. Promising
preliminary results have been reported by treating such lesions with
an “inverted” provisional technique based on DES implantation
from the proximal MV towards the SB with final kissing balloon to
provide full distal MV patency'®. Other technical options adopted
so far include the use of the Tryton stent (Tryton Medical, Durham,
NC, USA) alone', cutting or scoring balloon, drug-eluting bal-
loons or, more recently, BRS. Nevertheless, the absence of head-
to-head comparisons and the limited number of reports make the
treatment of Medina 0,0,1 an ideal topic for future investigations.

PCI or CABG for distal left main bifurcation
lesions

There is increasing evidence that percutaneous coronary interven-
tion (PCI) with drug-eluting stents (DES) is an equal revasculari-
sation alternative to coronary artery bypass surgery (CABG) in
patients with significant left main (LM) disease®**. The recently
published guidelines on myocardial revascularisation from the
European Society of Cardiology/European Association for Cardio-
Thoracic Surgery®® have upgraded the indication for PCI in
patients with a low SYNTAX score and significant LM disease to
a class Ib indication. The level of evidence for PCI for LM dis-
ease in patients with a SYNTAX score of 22-33 is class Ila. For
a SYNTAX score >33 the recommendation is still class III.

The ongoing EXCEL (Evaluation of XIENCE Everolimus
Eluting Stent Versus Coronary Artery Bypass Surgery for
Effectiveness of Left Main Revascularization [ClinicalTrials.gov
identifier: NCT01205776]) and NOBLE (coronary artery bypass
grafting vs. drug eluting stent percutaneous coronary angioplasty
in the treatment of unprotected left main stenosis [ClinicalTrials.
gov identifier: NCT01496651]) trials may strengthen the level of
evidence further by clarifying the role of the latest generation of
DES in the treatment of LM disease?’. Accordingly, an increasing
number of patients, especially those with a low or intermediate
complexity score, or those at high surgical risk, are expected to be
treated by PCI for LM disease in the near future.

Differences between the LM and other
bifurcations

The LM is the largest bifurcation of the coronary tree and has
a number of unique features, which may demand different techni-
cal approaches from non-left main bifurcations®. The most impor-
tant differences are the following. 1) The myocardium supplied by
the LM generally accounts for considerably more than 50% of the
total myocardial mass. 2) The SB is most often the circumflex artery
(Cx) which generally has a large diameter, and is not always easy to
access. Occlusion of the Cx is not acceptable since it often results
in ischaemia of a large myocardial territory and may induce acute
ischaemic mitral regurgitation. 3) The LM is the only bifurcation
where the proximal MB originates directly from the aorta. 4) The
proximal reference diameter generally measures between 4.5 and
5.5 mm - close to, or above, the dilatation limit of most currently
available coronary stents. 5) Trifurcations are encountered in about
10% of cases*** and may require specific treatment strategies. 6) The
bifurcation angle is generally T-shaped, which may have an impact

both on technique and on prognosis after stenting®'*? (Figure 6).

EBC consensus of LM treatment and techniques
As for all bifurcation lesions, a provisional SB stenting approach
is recommended in most cases. Specific technical problems
unique to the LM can be solved by systematic use of two or three
wires at the beginning of the procedure, by proper stent selec-
tion and positioning, and by liberal use of the POT technique.
Distal bifurcation disease can be treated by either a one-stent
(provisional strategy) or a two-stent technique. Data from obser-
vational non-randomised studies suggest that the provisional
strategy, when feasible, is superior to a two-stent technique with
regard to the rate of target lesion revascularisation (TLR) in two-
stent procedures. Because of the T-shape angulation, the T or
TAP technique is recommended in the majority of double-stent-
ing cases (Figure 6).

The European Bifurcation Club Left Main (EBC
MAIN) Study

EBC MAIN is the first randomised clinical trial to compare sin-
gle versus dual stenting strategies for the treatment of true bifur-
cation distal LM coronary artery lesions. It is a prospective,



multinational, randomised clinical study of LM stem true bifur-
cation lesions (type 1,1,1 or 0,1,1: both left anterior descend-
ing and circumflex artery >2.75 mm diameter) promoted by the
EBC group. The study hypothesis is that LM coronary bifurcation
lesions are best treated with a planned single-stent strategy rather
than a planned dual-stent strategy, with respect to death, TLR and
myocardial infarction at one year. A total of 450 patients will be
enrolled and treated with either a planned single or a planned dual
zotarolimus-eluting stent strategy according to randomisation. The
primary study endpoint is a composite of death, myocardial infarc-
tion and TLR at 12 months. Secondary endpoints are death, myo-
cardial infarction, and TLR, each at 12 months, and angina status,
stent thrombosis, death, myocardial infarction, TLR at three- and

five-year clinical follow-up.

Intracoronary imaging in bifurcations
Angiographic assessment of bifurcations has several limitations
calling for a low threshold for use of intravascular ultrasound
(IVUS) or optical coherence tomography (OCT). When treatment
complexity increases so does angiographic ambiguity, as over-
lapping stents, some bioresorbable stents, wire positions, the SB
ostium and thrombus are not readily assessed by angiography.
OCT provides superior images of the lumen surface, calcium, pre-
dilatation results, stent positions, wires and the SB ostium from
both MV and SB pullbacks, but OCT may increase the use of con-
trast and does not allow aorto-ostial assessments®. IVUS allows
better characterisation of plaque burden and does not require opti-
mal vessel flushing during acquisition. The feasibility and role of
HD IVUS in bifurcation assessment has not yet been determined.
Re-crossing a jailed SB with IVUS or OCT wires is not recom-
mended, as the high profiled and rather stiff wires might distort
or fracture the stent** or could be trapped. IVUS and OCT enable
lesion assessment, evaluation of predilatation, reference sizing and
evaluation of adequate vessel and stent expansion after stenting®>,
Lesions proximal or distal to the SB have been shown to affect the
risk of SB compromise after MV stenting*®*!. Careful evaluation
of wire positions after stent rewiring is beneficial to ensure opti-
mal SB re-crossing**** and to exclude accidental abluminal rewir-
ing. The feasibility of IVUS in evaluation of wire positions is
unknown. As the constraints of the C-arm of the angiographic sys-
tem prevent optimal assessment of the Cx ostium in about 40% of
cases, careful evaluation of the Cx ostium by intravascular imag-
ing may be of clinical importance in such cases. IVUS has been
shown not to enable precise SB evaluation from MV pullbacks
whereas OCT capabilities in this regard are promising.

— OCT and IVUS may be of particular value in guiding bifurca-
tion treatment due to high degree of angiographic ambiguity.

— IVUS is recommended for LM bifurcation treatment and OCT
may be used with the provision that aorto-ostial assessment is
most often not possible.

— OCT may be superior to IVUS in evaluation of the SB ostium,
stent positions, stent strut malapposition, wire position, and

detection of thrombus.
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— Wire positions in stent re-crossing affect stent appositions and
can be evaluated by OCT.

— Accidental abluminal stent rewiring is a concern and may be
ruled out by OCT.

— Pullbacks in both MV and SB are recommended when guiding
two-stent treatment by intravascular imaging.

Quantitative coronary analysis (QCA) for

bifurcations

QCA is an important standard analysis in scientific reporting and

for regulatory assessment. Analysis of bifurcations by 2D QCA

requires dedicated bifurcation software**. Use of 3D bifurcation

QCA improves the accuracy of quantitative measurements includ-

ing bifurcation angulations®***. Present 3D QCA systems further

provide the optimal projection angle in bifurcations* and form the

backbone for co-registration to OCT and IVUS* and for virtual

FFR computation without the use of pressure wires**, such as the

presented QFR technology (Hans Reiber, EBC 2015).

— QCA software dedicated to bifurcations is recommended.

— 3D QCA improves quantitative measurements compared to 2D
QCA.

— QCA may aid stent sizing during intervention but clinical value

remains unknown.

Role of fractional flow reserve (FFR) in

bifurcations

— MV FFR is recommended in stable patients when no other
objective evidence of ischaemia is available®.

— FFR in large SBs before intervention may be used to support
choice of treatment strategy but careful interpretation of meas-
urements is required.

— SB FFR after MV stent implantation remains controversial due
to potential safety concerns®¢! and due to unknown validity
when performed after MV stenting®®. Cx evaluation by FFR
after MV implantation was however shown to reduce SB inter-
vention without increasing subsequent revascularisation.

Dedicated devices

During the last decade, devices dedicated to bifurcation lesion
PCI have been developed but most of them did not enter routine
clinical practice. Yet, several devices raised the interest of some
operators: a series of interesting experiences has been presented
and discussed at the EBC meetings. Of note, during 2015, the
first large multicentre randomised trial on a dedicated device was
published. In the TRYTON trial, 704 patients with non-LM, true
coronary bifurcation lesions (recruited in 30 European and 28 US
centres) were randomised to a Tryton-facilitated culotte technique
or to a provisional technique with an everolimus-eluting stent®.
At nine months, the primary endpoint (target vessel failure) was
17.4% in the Tryton group compared with 12.8% in the provi-
sional group. Such a primary endpoint difference was not within
the pre-specified non-inferiority margin; it was concluded that pro-
visional stenting should remain the preferred strategy for treatment
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of non-LM true coronary bifurcation lesions. Such disappointing
results of this first trial suggest that the impressive safety and effi-
cacy reached by provisional stenting with latest-generation DES
make the role of dedicated stents for non-LM lesions quite limited.
Based on this, the EBC consensus was in favour of highlighting
the treatment of LM bifurcation, due to its specific anatomic com-
plexity, as the main field, which may theoretically benefit from
technical improvements of dedicated devices. Early experiences
with some dedicated devices with different principles of action
have been reported®%. However, carefully designed studies of
dedicated devices for LM lesions are advocated.

Bioresorbable stents (BRS) in bifurcation lesions
The use of bioresorbable stents (BRS) may offer potential advan-
tages compared with metallic DES for bifurcation PCI. However,
intrinsic limitations of currently available devices, such as the strut
thickness and limited expansion capacity, as well as the signals for
increased early and late BRS thrombosis, are influencing the adop-
tion of BRS as a standard treatment option.

Bench studies have indicated that the DESolve® BRS (Elixir
Medical, Sunnyvale, CA, USA) could be more suitable for
bifurcation treatment compared with the Absorb BRS (Abbott
Vascular, Santa Clara, CA, USA), but clinical experience in
bifurcation is only available using the Absorb BRS. As the
randomised trials on Absorb excluded bifurcations with side
branches >2 mm diameter, the EBC consensus statements are
based on bench-testing data and initial clinical results from non-
randomised registries and represent a revision of the EBC rec-

ommendations for metallic DES>¢7-%%,

Provisional strategy using BRS

The provisional strategy remains the default technique for bifurca-
tion treatment using BRS?. Careful MV predilatation is required.
Verification by fully expanded 1:1 sized non-compliant balloon is
recommended.

STENT SELECTION

The expansion capacity of the Absorb BRS allows post-dilatation
up to 0.5 mm above the nominal diameter according to the instruc-
tions for use, and, in bench-testing, the MV post-dilatation safe
threshold without fracture for Absorb was 3.8 mm at 20 atm for
the 3 mm BRS*°. Thus, to permit post-dilatation of the proximal
MYV segment, the nominal size should preferably be 0 to 0.5 mm
below the proximal MV reference size**. It is unknown whether
Absorb allows large, abrupt diameter changes between the proxi-
mal and distal MV, so caution is recommended in such cases. The
BRS deployment sequence should follow the instructions for use.

PROXIMAL OPTIMISATION
POT is recommended, with non-compliant (NC) or semi-com-

pliant balloons not exceeding a maximal size of 3.8 mm for

the 3.0 Absorb BRS according to the chart of the balloon and
4.2 mm for the 3.5 mm Absorb BRS®. For side branch dilata-
tion of a 3.0 mm Absorb BRS by a 3.0 mm NC balloon, the
threshold before the Absorb BRS fractured was 10 atm in bench-
testing’”®”'. Final POT with an adequately sized NC or semi-com-
pliant balloon should be performed by the sequential strategy:
POT+SB opening+final POT?.

Traditional kissing balloon dilatation (FKBD) is not recom-
mended. BRS distortion could be corrected by final POT or by
mini-kissing balloon post-dilatation (mini-KBPD or snuggle bal-
loon dilatation, depending on the length of SB balloon protrusion)
and low-pressure inflation (safe threshold at or below 5 atm).
Intravascular imaging, preferably OCT, is recommended for pro-

cedural guidance®.

Two-stent techniques using Absorb BRS

Bench studies and anecdotal cases demonstrated the feasibility of
various two-stent techniques utilising either two BRS or a combi-
nation of BRS and DES?. With the present level of evidence, it is
not recommended to perform routine two-stent techniques using
BRS outside carefully protocolled studies.

When SB stenting is required as a crossover from provisional,
metallic DES or BRS implantation on the SB should be consid-
ered utilising preferentially the T-stenting technique?®.

Due to the major differences in platform properties, strut thick-
ness, radial strength and resorption time, it is unknown whether
the above-described recommendations apply to other BRS to be
introduced shortly.

Conclusion

The present 11" EBC consensus document represents the sum-
mary of the current consensus and clinical recommendations of
the EBC. It points to the fact that there is a multitude of strategies
and approaches to bifurcation stenting within the provisional strat-
egy as well as in all the different two-stent strategies. The recom-
mendations cover a moving target. Much more scientific work is
needed to support the continuous improvement of the treatment of

bifurcation lesions in coronary artery disease.

Conflict of interest statement
The authors have no conflicts of interest to declare, but all the
authors are core members of the European Bifurcation Club.

Supplementary data
The complete list of references can be found in the online version
of the paper.

The supplementary data are published online at:

http://'www.pcronline.com/

eurointervention/98th_issue/7



Supplementary data

References

1. Medina A, Suarez de Lezo J, Pan M. A new classification of
coronary bifurcation lesions. Rev Esp Cardiol. 2006;59:183.

2. Louvard Y, Thomas M, Dzavik V, Hildick-Smith D,
Galassi AR, Pan M, Burzotta F, Zelizko M, Dudek D, Ludman P,
Sheiban I, Lassen JF, Darremont O, Kastrati A, Ludwig J,
Takovou I, Brunel P, Lansky A, Meerkin D, Legrand V, Medina A,
Lefévre T. Classification of coronary artery bifurcation lesions
and treatments: time for a consensus! Catheter Cardiovasc Interv.
2008;71:175-83.

3. Lassen JF, Holm NR, Stankovic G, Lefevre T, Chieffo A,
Hildick-Smith D, Pan M, Darremont O, Albiero R, Ferenc M,
Louvard Y. Percutaneous coronary intervention for coronary
bifurcation disease: consensus from the first 10 years of the
European Bifurcation Club meetings. Eurolntervention. 2014;10:
545-60.

4. Murray CD. The physiological principle of minimum work
applied to the angle of branching of arteries. J Gen Physiol.
1926;9:835-41.

5. Finet G, Gilard M, Perrenot B, Rioufol G, Motreff P, Gavit L,
Prost R. Fractal geometry of arterial coronary bifurcations: a quan-
titative coronary angiography and intravascular ultrasound analy-
sis. Eurolntervention. 2008;3:490-8.

6. Huo Y, Finet G, Lefevre T, Louvard Y, Moussa I, Kassab GS.
Optimal diameter of diseased bifurcation segment: a practical
rule for percutaneous coronary intervention. Eurolntervention.
2012;7:1310-6.

7. Burzotta F, Cook B, laizzo PA, Singh J, Louvard Y, Latib A.
Coronary bifurcations as you have never seen them: the Visible
Heart® Laboratory bifurcation programme. FEurolntervention.
2015;11 Suppl V:V40-3.

8. Medrano-Gracia P, Ormiston J, Webster M, Beier S, Ellis C,
Wang C, Young AA, Cowan BR. Construction of a coronary artery
atlas from CT angiography. Med Image Comput Comput Assist
Interv. 2014;17:513-20.

9. LiY, Gutierrez-Chico JL, Holm NR, Yang W, Hebsgaard L,
Christiansen EH, Maeng M, Lassen JF, Yan F, Reiber JH, Tu S.
Impact of Side Branch Modeling on Computation of Endothelial
Shear Stress in Coronary Artery Disease: Coronary Tree
Reconstruction by Fusion of 3D Angiography and OCT. J Am Coll
Cardiol. 2015;66:125-35.

10. Burzotta F, De Vita M, Sgueglia G, Todaro D, Trani C. How
to solve difficult side branch access? Eurolntervention. 2010;6
Suppl J:J72-80.

11. Watanabe S, Saito N, Bao B, Tokushige A, Watanabe H,
Yamamoto E, Kawase Y, Kimura T. Microcatheter-facilitated reverse
wire technique for side branch wiring in bifurcated vessels: an in
vitro evaluation. Eurolntervention. 2013;9:870-7.

12. Pan M, Medina A, Romero M, Ojeda S, Martin P, Suarez de
Lezo J, Segura J, Mazuelos F, Novoa J, Suarez de Lezo J. Assessment

EBC 11" consensus document

of side branch predilation before a provisional T-stent strategy for
bifurcation lesions. A randomized trial. Am Heart J. 2014;168:
374-80.

13. Alegria-Barrero E, Foin N, Chan PH, Syrseloudis D,
Lindsay AC, Dimopolous K, Alonso-Gonzalez R, Viceconte N, de
Silva R, Di Mario C. Optical coherence tomography for guidance of
distal cell recrossing in bifurcation stenting: choosing the right cell
matters. Eurolntervention. 2012;8:205-13.

14. Chen SL, Santoso T, Zhang JJ, Ye F, Xu YW, Fu Q, Kan J,
Paiboon C, Zhou Y, Ding SQ, Kwan TW. A randomized clinical
study comparing double kissing crush with provisional stenting
for treatment of coronary bifurcation lesions: results from the
DKCRUSH-II (Double Kissing Crush versus Provisional Stenting
Technique for Treatment of Coronary Bifurcation Lesions) trial.
J Am Coll Cardiol. 2011;57:914-20.

15. Chen SL, Xu B, Han YL, Sheiban I, Zhang JJ, Ye F,
Kwan TW, Paiboon C, Zhou YJ, Lv SZ, Dangas GD, Xu YW,
Wen SY, Hong L, Zhang RY, Wang HC, Jiang TM, Wang Y,
Sansoto T, Chen F, Yuan ZY, Li WM, Leon MB. Clinical Outcome
After DK Crush Versus Culotte Stenting of Distal Left Main
Bifurcation Lesions: The 3-Year Follow-Up Results of the
DKCRUSH-III Study. JACC Cardiovasc Interv. 2015;8:1335-42.

16. Zhang JJ, Chen SL. Classic crush and DK crush stenting tech-
niques. Eurolntervention. 2015;11 Suppl V:V102-5.

17. Burzotta F, Dzavik V, Ferenc M, Trani C, Stankovic G.
Technical aspects of the T And small Protrusion (TAP) technique.
Eurolntervention. 2015;11 Suppl V:V91-5.

18. Brunel P, Martin G, Bressollette E, Leurent B, Banus Y.
“Inverted” provisional T stenting, a new technique for Medina 0,0,1 cor-
onary bifurcation lesions: feasibility and follow-up. Eurolntervention.
2010;5:814-20.

19. Grundeken MJ, Agostoni P, Lesiak M, Koch KT, Voskuil M,
de Winter RJ, Wykrzykowska JJ, Stella PR. Placement of Tryton
Side Branch Stent only; a new treatment strategy for Medina
0,0,1 coronary bifurcation lesions. Catheter Cardiovasc Interv.
2013;82:E395-402.

20. Park SJ, Ahn JM, Kim YH, Park DW, Yun SC, Yoon SH,
Park HW, Chang M, Lee JY, Kang SJ, Lee SW, Lee CW, Park SW.
Temporal trends in revascularization strategy and outcomes in
left main coronary artery stenosis: data from the ASAN Medical
Center-Left MAIN Revascularization registry. Circ Cardiovasc
Interv. 2015;8:¢001846.

21. Naganuma T, Chieffo A, Meliga E, Capodanno D,
Park SJ, OnumaY, Valgimigli M, Jegere S, Makkar RR, Palacios IF,
Costopoulos C, Kim YH, Buszman PP, Chakravarty T, Sheiban I,
Mehran R, Naber C, Margey R, AgnihotriA, Marra S, Capranzano P,
Leon MB, Moses JW, Fajadet J, Lefevre T, Morice MC, Erglis A,
Tamburino C, Alfieri O, Serruys PW, Colombo A. Long-term
clinical outcomes after percutaneous coronary intervention versus

m
=
=
=
=
=
(1]
-
<
(1]
=
=
o
=
N
o
—
(@]
—
N




m
=
=
=
=
-
(1]
=
<
(1]
=
=
o
=
N
o
=
(&)
—
N

coronary artery bypass grafting for ostial/midshaft lesions in
unprotected left main coronary artery from the DELTA registry:
a multicenter registry evaluating percutaneous coronary interven-
tion versus coronary artery bypass grafting for left main treat-
ment. JACC Cardiovasc Interv. 2014;7:354-61.

22. Naganuma T, Chieffo A, Takagi K, Panoulas VF, Mitomo S,
Sticchi A, Latib A, Miyazaki T, Sato K, Costopoulos C, Fujino Y,
Montorfano M, Carlino M, Nakamura S, Colombo A. First gen-
eration versus new generation drug-eluting stents for the treatment
of ostial/midshaft lesions in unprotected left main coronary artery:
the Milan and New-Tokyo (MITO) registry. Catheter Cardiovasc
Interv. 2015;85:E63-9.

23. Mohr FW, Morice MC, Kappetein AP, Feldman TE, Stahle E,
Colombo A, Mack MJ, Holmes DR Jr, Morel MA, Van Dyck N,
Houle VM, Dawkins KD, Serruys PW. Coronary artery bypass
graft surgery versus percutaneous coronary intervention in patients
with three-vessel disease and left main coronary disease: 5-year
follow-up of the randomised, clinical SYNTAX trial. Lancet.
2013;381:629-38.

24. Ahn JM, Roh JH, Kim YH, Park DW, Yun SC, Lee PH,
Chang M, Park HW, Lee SW, Lee CW, Park SW, Choo SJ, Chung C,
Lee J, Lim DS, Rha SW, Lee SG, Gwon HC, Kim HS, Chae IH,
Jang Y, Jeong MH, Tahk SJ, Seung KB, Park SJ. Randomized
Trial of Stents Versus Bypass Surgery for Left Main Coronary
Artery Disease: 5-Year Outcomes of the PRECOMBAT Study.
J Am Coll Cardiol. 2015;65:2198-206.

25. Kim YH, Park DW, Ahn JM, Yun SC, Song HG, Lee JY,
Kim WIJ, Kang SJ, Lee SW, Lee CW, Park SW, Jang Y, Jeong MH,
Kim HS, Hur SH, Rha SW, Lim DS, Her SH, Seung KB, Seong IW,
Park SJ; PRECOMBAT-2 Investigators. Everolimus-eluting stent
implantation for unprotected left main coronary artery stenosis.
The PRECOMBAT-2 (Premier of Randomized Comparison of
Bypass Surgery versus Angioplasty Using Sirolimus-Eluting Stent
in Patients with Left Main Coronary Artery Disease) study. JACC
Cardiovasc Interv. 2012;5:708-17.

26. Windecker S, Kolh P, Alfonso F, Collet JP, Cremer J, Falk V,
Filippatos G, Hamm C, Head SJ, Jiini P, Kappetein AP, Kastrati A,
Knuuti J, Landmesser U, Laufer G, Neumann FJ, Richter DJ,
Schauerte P, Sousa Uva M, Stefanini GG, Taggart DP, Torracca L,
Valgimigli M, Wijns W, Witkowski A.2014 ESC/EACTS guide-
lines on myocardial revascularization. Eurolntervention. 2015;10:
1024-94.

27. Campos CM, Christiansen EH, Stone GW, Serruys PW. The
EXCEL and NOBLE trials: similarities, contrasts and future per-
spectives for left main revascularisation. Eurolntervention. 2015;11
Suppl V:V115-9.

28. Lefevre T, Girasis C, Lassen JF. Differences between the
left main and other bifurcations. Eurolntervention. 2015;11 Suppl
V:V106-10.

29. lelasi A, Takagi K, Latib A, Basavarajaiah S, Figini F,
Carlino M, Montorfano M, Chieffo A, Nakamura S, Colombo A.
Long-term clinical outcomes following drug-eluting stent implan-
tation for unprotected distal trifurcation left main disease: the

Milan-New Tokyo (MITO) registry. Catheter Cardiovasc Interv.
2014;83:530-8.

30. Kubo S, Kadota K, Sabbah M, Otsuru S, Hasegawa D,
Habara S, Tada T, Tanaka H, Fuku Y, Katoh H, Goto T, Mitsudo K.
Clinical and angiographic outcomes after drug-eluting stent implan-
tation with triple-kissing-balloon technique for left main trifurca-
tion lesion: comparison of single-stent and multi-stent procedures.
J Invasive Cardiol. 2014;26:571-8.

31. Girasis C, Farooq V, Diletti R, Muramatsu T, Bourantas CV,
Onuma Y, Holmes DR, Feldman TE, Morel MA, van Es GA,
Dawkins KD, Morice MC, Serruys PW. Impact of 3-dimensional
bifurcation angle on 5-year outcome of patients after percutane-
ous coronary intervention for left main coronary artery disease:
a substudy of the SYNTAX trial (synergy between percutane-
ous coronary intervention with taxus and cardiac surgery). JACC
Cardiovasc Interv. 2013;6:1250-60.

32. Amemiya K, Domei T, Iwabuchi M, Shirai S, Ando K,
Goya M, Yokoi H, Nobuyoshi M. Impact of the bifurcation angle on
major cardiac events after cross-over single stent strategy in unpro-
tected left main bifurcation lesions: 3-dimensional quantitative cor-
onary angiographic analysis. 4m J Cardiovasc Dis. 2014;4:168-76.

33. Fujino Y, Bezerra HG, Attizzani GF, Wang W, Yamamoto H,
Chamie D, Kanaya T, Mehanna E, Tahara S, Nakamura S, Costa MA.
Frequency-domain optical coherence tomography assessment
of unprotected left main coronary artery disease-a compari-
son with intravascular ultrasound. Catheter Cardiovasc Interv.
2013;82:E173-83.

34. Sato K, Panoulas VF, Naganuma T, Miyazaki T, Latib A,
Colombo A. Bioresorbable vascular scaffold strut disruption after
crossing with an optical coherence tomography imaging catheter.
Int J Cardiol. 2014;174:e116-9.

35. Mintz GS, Nissen SE, Anderson WD, Bailey SR,
Erbel R, Fitzgerald PJ, Pinto FJ, Rosenfield K, Siegel RJ, Tuzcu EM,
Yock PG. American College of Cardiology Clinical Expert Consensus
Document on Standards for Acquisition, Measurement and
Reporting of Intravascular Ultrasound Studies (IVUS). A report of
the American College of Cardiology Task Force on Clinical Expert
Consensus Documents. J Am Coll Cardiol. 2001;37:1478-92.

36. Tearney GJ, Regar E, Akasaka T, Adriaenssens T,
Barlis P, Bezerra HG, Bouma B, Bruining N, Cho JM, Chowdhary S,
Costa MA, de Silva R, Dijkstra J, Di Mario C, Dudek D, Falk E,
FeldmanMD, FitzgeraldP,Garcia-GarciaHM, GonzaloN, GranadalJF,
Guagliumi G, Holm NR, Honda Y, Ikeno F, Kawasaki M, Kochman J,
Koltowski L, Kubo T, Kume T, Kyono H, Lam CC, Lamouche G,
Lee DP, Leon MB, Maehara A, Manfrini O, Mintz GS, Mizuno K,
Morel MA, Nadkarni S, Okura H, Otake H, Pietrasik A, Prati F,
Raber L, Radu MD, Rieber J, Riga M, Rollins A, Rosenberg M,
Sirbu V, Serruys PW, Shimada K, Shinke T, Shite J, Siegel E,
Sonoda S, Suter M, Takarada S, Tanaka A, Terashima M, Thim T,
Uemura S, Ughi GJ, van Beusekom HM, van der Steen AF, Van
Es GA, van Soest G, Virmani R, Waxman S, Weissman NJ, Weisz G;
International Working Group for Intravascular Optical Coherence
Tomography (IWG-IVOCT). Consensus standards for acquisition,



measurement, and reporting of intravascular optical coherence
tomography studies: a report from the International Working Group
for Intravascular Optical Coherence Tomography Standardization
and Validation. J Am Coll Cardiol. 2012;59:1058-72.

37. Prati F, Guagliumi G, Mintz GS, Costa M, Regar E, Akasaka T,
Barlis P, Tearney GJ, Jang IK, Arbustini E, Bezerra HG, Ozaki Y,
Bruining N, Dudek D, Radu M, Erglis A, Motreff P, Alfonso F,
Toutouzas K, Gonzalo N, Tamburino C, Adriaenssens T, Pinto F,
Serruys PW, Di Mario C; Expert’s OCT Review Document. Expert
review document part 2: methodology, terminology and clinical
applications of optical coherence tomography for the assessment of
interventional procedures. Eur Heart J. 2012;33:2513-20.

38. Motreff P, Rioufol G, Gilard M, Caussin C, Ouchchane L,
Souteyrand G, Finet G. Diffuse atherosclerotic left main coronary
artery disease unmasked by fractal geometric law applied to quan-
titative coronary angiography: an angiographic and intravascular
ultrasound study. Eurolntervention. 2010;5:709-15.

39. Habara M, Nasu K, Terashima M, Kaneda H, Yokota D,
Ko E, Ito T, Kurita T, Tanaka N, Kimura M, Ito T, Kinoshita Y,
Tsuchikane E, Asakura K, Asakura Y, Katoh O, Suzuki T. Impact of
frequency-domain optical coherence tomography guidance for
optimal coronary stent implantation in comparison with intravascu-
lar ultrasound guidance. Circ Cardiovasc Interv. 2012;5:193-201.

40. Kang SJ, Mintz GS, Kim WIJ, Lee JY, Park DW, Lee SW,
Kim YH, Lee CW, Park SW, Park SJ. Preintervention angiographic
and intravascular ultrasound predictors for side branch com-
promise after a single-stent crossover technique. Am J Cardiol.
2011;107:1787-93.

41. Koo BK, Waseda K, Kang HJ, Kim HS, Nam CW, Hur SH,
Kim JS, Choi D, Jang Y, Hahn JY, Gwon HC, Yoon MH, Tahk SJ,
Chung WY, Cho YS, Choi DJ, Hasegawa T, Kataoka T, Oh SJ,
Honda Y, Fitzgerald PJ, Fearon WF. Anatomic and functional eval-
uation of bifurcation lesions undergoing percutaneous coronary
intervention. Circ Cardiovasc Interv. 2010;3:113-19.

42. Holm NR, Tu S, Christiansen EH, Reiber JH, Lassen JF,
Thuesen L, Maeng M. Use of three-dimensional optical coher-
ence tomography to verify correct wire position in a jailed side
branch after main vessel stent implantation. Eurolntervention.
2011;7:528-9.

43. Alegria-Barrero E, Foin N, Chan PH, Syrseloudis D,
Lindsay AC, Dimopolous K, Alonso-Gonzalez R, Viceconte N, De
Silva R, Di Mario C. Optical coherence tomography for guidance of
distal cell recrossing in bifurcation stenting: choosing the right cell
matters. Eurolntervention. 2012;8:205-13.

44. Okamura T, Onuma Y, Yamada J, Igbal J, Tateishi H, Nao T,
Oda T, Maeda T, Nakamura T, Miura T, Yano M, Serruys PW. 3D
optical coherence tomography: new insights into the process of
optimal rewiring of side branches during bifurcational stenting.
Eurolntervention. 2014;10:907-15.

45. Lansky A, Tuinenburg J, Costa M, Maeng M, Koning G,
Popma J, Cristea E, Gavit L, Costa R, Rares A, Van Es GA,
Lefevre T, Reiber H, Louvard Y, Morice MC; European Bifurcation
Angiographic Sub-Committee. Quantitative angiographic methods

EBC 11" consensus document

for bifurcation lesions: a consensus statement from the European
Bifurcation Group. Catheter Cardiovasc Interv. 2009;73:258-66.

46. Goktekin O, Kaplan S, Dimopoulos K, Barlis P, Tanigawa J,
Vatankulu MA, Koning G, Tuinenburg JC, Mario CD. A new quan-
titative analysis system for the evaluation of coronary bifurcation
lesions: comparison with current conventional methods. Catheter
Cardiovasc Interv. 2007;69:172-80.

47. Ishibashi Y, Grundeken MJ, Nakatani S, Igbal J, Morel MA,
Genereux P, Girasis C, Wentzel JJ, Garcia-Garcia HM, Onuma Y,
Serruys PW. In vitro validation and comparison of different software
packages or algorithms for coronary bifurcation analysis using cali-
brated phantoms: implications for clinical practice and research of
bifurcation stenting. Catheter Cardiovasc Interv. 2015;85:554-63.

48. Holm NR, Hojdahl H, Lassen JF, Thuesen L, Maeng M.
Quantitative coronary analysis in the Nordic Bifurcation studies.
Int J Cardiovasc Imaging. 2011;27:175-80.

49. Girasis C, Schuurbiers JC, Onuma Y, Aben JP, Weijers B,
Morel MA, Wentzel JJ, Serruys PW. Advances in two-dimensional
quantitative coronary angiographic assessment of bifurcation
lesions: improved small lumen diameter detection and auto-
matic reference vessel diameter derivation. Eurolntervention.
2012;7:1326-35.

50. Girasis C, Schuurbiers JC, Muramatsu T, Aben JP, Onuma Y,
Soekhradj S, Morel MA, van Geuns RJ, Wentzel JJ, Serruys PW.
Advanced three-dimensional quantitative coronary angiographic
assessment of bifurcation lesions: methodology and phantom vali-
dation. Eurolntervention. 2013;8:1451-60.

51. Porto I, Dato I, Todaro D, Calabrese M, Rigattieri S,
Leone AM, Niccoli G, Burzotta F, Trani C, Crea F. Comparison of
two- and three-dimensional quantitative coronary angiography to
intravascular ultrasound in the assessment of intermediate left main
stenosis. Am J Cardiol. 2012;109:1600-7.

52. Tu S, Xu L, Ligthart J, Xu B, Witberg K, Sun Z, Koning G,
Reiber JH, Regar E. In vivo comparison of arterial lumen dimen-
sions assessed by co-registered three-dimensional (3D) quantitative
coronary angiography, intravascular ultrasound and optical coher-
ence tomography. Int J Cardiovasc Imaging. 2012;28:1315-27.

53. Kan J, Gao X, Sandeep KG, Xu H, Zhao Y, Chen S, Chen F.
Comparison of two and three dimensional quantitative coronary
angiography to intravascular ultrasound in the assessment of left
main coronary artery bifurcation lesions. Chin Med J (Engl).
2014;127:1012-21.

54. Tu S, Jing J, Holm NR, Onsea K, Zhang T, Adriaenssens T,
Dubois C, Desmet W, Thuesen L, Chen Y, Reiber JH. In vivo assess-
ment of bifurcation optimal viewing angles and bifurcation angles
by three-dimensional (3D) quantitative coronary angiography. /nt J
Cardiovasc Imaging. 2012;28:1617-25.

55. Tu S, Holm NR, Koning G, Huang Z, Reiber JH. Fusion of 3D
QCA and IVUS/OCT. Int J Cardiovasc Imaging. 2011;27:197-207.

56. Tu S, Pyxaras SA, Li Y, Barbato E, Reiber JH, Wijns W.
In vivo flow simulation at coronary bifurcation reconstructed by
fusion of 3-dimensional X-ray angiography and optical coherence
tomography. Circ Cardiovasc Interv. 2013;6:¢15-7.

m
=
=
=
=
=
(1]
-
<
(1]
=
=
o
=
N
o
—
(@]
—
N




m
=
=
=
=
-
(1]
=
<
(1]
=
=
o
=
N
o
=
(&)
—
N

57. Tu S, Barbato E, Koszegi Z, Yang J, Sun Z, Holm NR, Tar B,
Li Y, Rusinaru D, Wijns W, Reiber JH. Fractional flow reserve
calculation from 3-dimensional quantitative coronary angiogra-
phy and TIMI frame count: a fast computer model to quantify the
functional significance of moderately obstructed coronary arteries.
JACC Cardiovasc Interv. 2014;7:768-717.

58. Papafaklis MI, Muramatsu T, Ishibashi Y, Lakkas LS,
Nakatani S, Bourantas CV, Ligthart J, Onuma Y, Echavarria-
Pinto M, Tsirka G, Kotsia A, Nikas DN, Mogabgab O, van
Geuns RJ, Naka KK, Fotiadis DI, Brilakis ES, Garcia-Garcia HM,
Escaned J, Zijlstra F, Michalis LK, Serruys PW. Fast virtual func-
tional assessment of intermediate coronary lesions using routine
angiographic data and blood flow simulation in humans: compari-
son with pressure wire - fractional flow reserve. Eurolntervention.
2014;10:574-83.

59. Task Force Members, Montalescot G, Sechtem U,
Achenbach S, Andreotti F, Arden C, Budaj A, Bugiardini R, Crea F,
Cuisset T, Di Mario C, Ferreira JR, Gersh BJ, Gitt AK, Hulot JS,
Marx N, Opie LH, Pfisterer M, Prescott E, Ruschitzka F, Sabate M,
Senior R, Taggart DP, van der Wall EE, Vrints CJ; ESC Committee
for Practice Guidelines, Zamorano JL, Achenbach §,
Baumgartner H, Bax JJ, Bueno H, Dean V, Deaton C, Erol C,
Fagard R, Ferrari R, Hasdai D, Hoes AW, Kirchhof P, Knuuti J,
Kolh P, Lancellotti P, Linhart A, Nihoyannopoulos P, Piepoli MF,
Ponikowski P, Sirnes PA, Tamargo JL, Tendera M, Torbicki A,
Wijns W, Windecker S; Document Reviewers, Knuuti J,
Valgimigli M, Bueno H, Claeys MJ, Donner-Banzhoff N, Erol C,
Frank H, Funck-Brentano C, Gaemperli O, Gonzalez-Juanatey JR,
Hamilos M, Hasdai D, Husted S, James SK, Kervinen K, Kolh P,
Kristensen SD, Lancellotti P, Maggioni AP, Piepoli MF, Pries AR,
Romeo F, Ryden L, Simoons ML, Sirnes PA, Steg PG, Timmis A,
Wijns W, Windecker S, Yildirir A, Zamorano JL. 2013 ESC guide-
lines on the management of stable coronary artery disease: the
Task Force on the management of stable coronary artery disease of
the European Society of Cardiology. Eur Heart J. 2013;34:
2949-3003.

60. Kumsars I, Narbute I, Thuesen L, Niemela M, Steigen TK,
Kervinen K, Sondore D, Holm NR, Lassen JF, Christiansen EH,
Maeng M, Jegere S, Juhnevica D, Erglis A; Nordic-Baltic PCI
study group. Side branch fractional flow reserve measurements
after main vessel stenting: a Nordic-Baltic Bifurcation Study III
substudy. Eurolntervention. 2012;7:1155-61.

61. Ahn JM, Lee JY, Kang SJ, Kim YH, Song HG, Oh JH, Park JS,
Kim WIJ, Lee SW, Lee CW, Kim JJ, Park SW, Park SJ. Functional
assessment of jailed side branches in coronary bifurcation lesions
using fractional flow reserve. JACC Cardiovasc Interv. 2012;5:155-61.

62. Murai T, Lee T, Yonetsu T, Isobe M, Kakuta T. Influence of
microvascular resistance on fractional flow reserve after successful
percutaneous coronary intervention. Catheter Cardiovasc Interv.
2015;85:585-92.

63. Genereux P, Kumsars I, Lesiak M, Kini A, Fontos G,
Slagboom T, Ungi I, Metzger DC, Wykrzykowska JJ, Stella PR,
Bartorelli AL, Fearon WF, Lefevre T, Feldman RL, LaSalle L,
Francese DP, Onuma Y, Grundeken MJ, Garcia-Garcia HM,
Laak LL, Cutlip DE, Kaplan AV, Serruys PW, Leon MB. A rand-
omized trial of a dedicated bifurcation stent versus provisional
stenting in the treatment of coronary bifurcation lesions. J Am Coll
Cardiol. 2015;65:533-43.

64. Magro M, Girasis C, Bartorelli AL, Tarantini G, Russo F,
Trabattoni D, D’Amico G, Galli M, Gomez Juame A, de Sousa
Almeida M, Simsek C, Foley D, Sonck J, Lesiak M, Kayaert P,
Serruys PW, van Geuns RJ. Acute procedural and six-month clini-
cal outcome in patients treated with a dedicated bifurcation stent
for left main stem disease: the TRYTON LM multicentre registry.
Eurolntervention. 2013;8:1259-69.

65. Briguori C, Visconti G, Donahue M, Focaccio A, Mitomo S,
Kawamoto H, Nakamura S. The STENTYS® paclitaxel-eluting
stent in the treatment of unprotected distal left main. Catheter
Cardiovasc Interv. 2015;86:E131-9.

66. Gil RJ, Bil J, Grundeken MJ, Inigo Garcia LA, Vassilev D,
Kern A, Pawlowski T, Wykrzykowska JJ, Serruys PW. Long-term
effectiveness and safety of the sirolimus-eluting BiOSS LIM(R)
dedicated bifurcation stent in the treatment of distal left main steno-
sis: an international registry. Eurolntervention. 2015 Oct 15;11.
[Epub ahead of print].

67. Stankovic G, Lefevre T, Chieffo A, Hildick-Smith D, Lassen JF,
Pan M, Darremont O, Albiero R, Ferenc M, Finet G, Adriaenssens T,
Koo BK, Burzotta F, Louvard Y. Consensus from the 7th European
Bifurcation Club meeting. Eurolntervention. 2013;9:36-45.

68. Stankovic G, Lassen JF. When and how to use BRS in bifur-
cations? Eurolntervention. 2015;11 Suppl V:V185-7.

69. Lassen JF, Stankovic G. Coronary bifurcation treatment
revisited. Eurolntervention. 2015;11:850-1.

70. Ormiston JA, Webber B, Ubod B, Darremont O, Webster MW.
An independent bench comparison of two bioresorbable drug-
eluting coronary scaffolds (Absorb and DESolve) with a durable
metallic drug-eluting stent (ML8/Xpedition). Eurolntervention.
2015;11:60-7.

71. Ormiston JA, Webber B, Ubod B, Webster MW, White J.
Absorb everolimus-eluting bioresorbable scaffolds in coronary
bifurcations: a bench study of deployment, side branch dilatation
and post-dilatation strategies. Eurolntervention. 2015;10:1169-77.



	07_EIJ-D-16-0020_LassenCR98_print_9p
	07_EIJ-D-16-0020_LassenCR98_online

