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Abstract
The European Bifurcation Club (EBC) was initiated in 2004 to support a continuous overview of the field 
of coronary artery bifurcation interventions and aims to facilitate a scientific discussion and an exchange 
of ideas on the management of bifurcation disease. The EBC hosts an annual, two-day compact meet-
ing, dedicated to bifurcations, which brings together physicians, pathologists, engineers, biologists, physi-
cists, mathematicians, epidemiologists and statisticians for detailed discussions. Every meeting is finalised 
with a consensus statement that reflects the unique opportunity of combining the opinion of interventional 
cardiologists with the opinion of a large variety of other scientists on bifurcation management. A series of 
consensus sessions dedicated to specific topics, to strengthen the consensus debates and focus the discus-
sions, was introduced at this year’s meeting. The sessions comprise an intensive overview of the present 
literature, a pro and con debate and a voting system, to guide the consensus-building process. The present 
document represents the summary of the up-to-date EBC consensus and recommendations from the 12th 
annual EBC meeting in 2016 in Rotterdam.
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EBC 12th consensus document

Introduction
“You never know what is enough unless you know what is more 
than enough”.
William Blake (1757-1827)

See article page 1495

BACKGROUND
The EBC has held 12 annual meetings since 2004, published 
eight general consensus statements1-8, and a number of consen-
sus documents dedicated to specific topics4,9,10, and has edited two 
EuroIntervention supplements on bifurcation treatment11,12.

A simple description of bifurcation lesions, stenosis quantifica-
tion, vessel calcification and PCI techniques is not straightforward. 
The first consensus document reflects how consensus was achieved 
by discussion of the definitions of a bifurcation and of a significant 
side branch (SB)1.  Over the years which followed, EBC consensus 
was reached by promoting a simplified yet universal classification 
of bifurcation lesions, the Medina classification13, and an accurate 
definition of each of the various techniques used in bifurcation 
stenting combined with a precise classification system to facili-
tate the description, the MADS classification4. The two classifica-
tions have provided a valuable opportunity to standardise reports, 
to allow comparisons between studies and to facilitate interpretation 
of published results in the evolving literature within the field. For 
all of these reasons, systematic use of these classifications is still 
strongly recommended by the EBC7,8. It became evident that the 
understanding of the coronary bifurcation anatomy and physiology, 
as well as that of the interaction between interventional devices 

(stents, balloons) and bifurcated vessels, was crucial in order to 
comprehend the technical issues and long-term results of bifurcation 
intervention. A series of EBC-promoted studies helped to character-
ise the geometric relations linking the main branch (MB) and SB. 
Several mathematical models (Murray’s, Finet’s, Huo-Kassab’s and 
“area-preservation”) have been reported14-16 (Figure 1). They con-
firm that coronary bifurcation anatomy may basically be regarded as 
a complex vessel/function structure where three different vessel seg-
ments (proximal MB, distal MB and SB) are interpolated through 
the bifurcation core segment where the distinction between MB and 
SB is merely virtual8. The fractal nature of the coronary tree was 
also described, pointing to the fact that a coronary MB tapers after 
the take-off of an SB8 (Figure 2). This understanding led to develop-
ment of the proximal optimisation technique (POT)17, that changed 
the tubular stent to a tapered device fitting both distal and proximal 
diameters of the MB and opened stent struts towards the SB respect-
ing the anatomy of the bifurcation core segment8. Over the years, 

Figure 1. The fractal and tapering nature of coronary vessels. 
Different main structure-function scaling laws of the coronary 
vascular tree.

Figure 2. Summary of the provisional approach. Upper panel from left to right: two wires in place, main branch stent sized according to the 
distal reference, POT, keep it open. Lower panel: access towards the distal strut, guidewire exchange, kissing balloon inflation with short 
non-compliant balloons (not proximal to the polygon of confluence to avoid dilating the distal part of the stent too much towards the side 
branch). A final POT should be carried out if the two balloons are proximal to the polygon of confluence.
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technical and anatomical discussion became more and more com-
plex. The theoretical considerations were further tested by bench 
testing, intravascular imaging, and flow evaluations by mathematic 
model building, pushing the overall understanding of coronary 
bifurcation disease forward11. These achievements and the evolution 
of ideas in the EBC have formed the foundation for this year’s con-
sensus discussion and have led the 12th EBC meeting to the refined 
recommendations in the present document.

THE EBC UPDATE ON PROVISIONAL BIFURCATION 
STENTING STRATEGY
The provisional side branch (SB) stenting strategy is currently con-
sidered the “standard” approach for treatment of the vast majority 
of bifurcation lesions8,18,19. Provisional SB stenting is a treatment 
philosophy rather than a technique. Indeed, once the MB has been 
identified, it is stented first4 after wiring both branches of the bifur-
cation. The SB may (or may not) be treated after optimisation of 
MB treatment using the POT (Figure 2). If the SB needs attention, 
guidewires are exchanged and kissing balloon inflation or POT/side/
POT (re-POT) is performed20-24 (Figure 3). In the presence of signi-
ficant SB flow limitation or poor angiographic results in an SB sup-
plying a significant myocardial territory25, subsequent SB stenting 
can be performed (T, T and protrusion [TAP] or culotte), with sys-
tematic final kissing balloon inflation (KBI) and a finalising POT 
(Figure 4). The long-term clinical outcomes are determined by the 
status of the MB after bifurcation stenting. Ensuring optimal results 
in the MB should be given priority over optimising the appearance 
in the SB if there is a need for a choice between the two.

The provisional SB stenting strategy (MB stenting first, fol-
lowed by POT, and only finalised with SB stenting if needed – 
provisional SB stenting) is recommended for most bifurcation 
lesions.

Figure 3. The philosophy of the provisional bifurcation stenting 
approach. From left to right: main branch stenting with stent 
implantation that respects the distal main branch diameter, finalised 
with POT to respect the original tapering anatomy and to open the 
struts towards the side branch. If the side branch is compromised, 
continue to dilatation of the side branch. If still compromised, an 
escalation to side branch stenting is facilitated. Always finalise 
a procedure with POT.

Figure 4. Different options in stepwise escalation to side branch stenting in the provisional stenting approach.
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INITIAL APPROACH
Almost all bifurcation lesions – including the distal left main coro-
nary artery (LMCA) – can be safely treated via the radial artery 
approach with a large lumen 6 Fr guiding catheter. A 7 Fr guiding 
catheter may be required if the planned strategy involves complex 
double stenting techniques or three balloons for trifurcations. In 
very large vessels, 7 Fr guides are also helpful when a kissing 
inflation using balloons larger than 3.5 mm in diameter is needed.

OPTIMAL ANGIOGRAPHIC VIEW
Given the tri-dimensional structure of bifurcations, it is impossi-
ble to avoid a foreshortening effect when trying to obtain a plane 
image of the three bifurcation segments. Consequently, it is neces-
sary to record several views from various angles to obtain a com-
prehensive picture of the lesion characteristics, in order to carry 
out the technical procedure appropriately and assess the procedural 
outcome. The SB take-off is the crucial point, which is rarely visu-
alised adequately from two orthogonal views and may be explored 
from a single angle called “the working view”. This view allows 
the visualisation of branch division as well as the measurement of 
angles and assessment of the degree of ostial SB stenosis. This is 
generally an RAO or LAO view with caudal inclination for the left 
main (LM) coronary artery, an anterior-posterior projection with 
marked cranial angulation for left anterior descending coronary 
artery (LAD)-diagonal bifurcations, a slight RAO or LAO pro-
jection with caudal angulation for circumflex-proximal marginal 
bifurcations or cranial angulation for dominant distal circumflex 
(Cx) coronary arteries, and an anteroposterior projection with cra-
nial angulation for distal right coronary arteries. An optimal view 
of the Cx ostium, however, is not fully obtainable in up to 40% of 
cases due to the constraints of the C-arm, which cannot reach suf-
ficient caudal projection. Intravascular imaging can provide addi-
tional important information in these situations26.
– Multiple angiographic views are required for full assessment of 

a bifurcation.
– Optimal views include projections perpendicular to the SB 

ostium.
– An optimal view of the Cx ostium is not fully achievable in 

40% of cases.

THE JAILING WIRE TECHNIQUE
The jailing wire technique consists of leaving a wire in the SB while 
implanting a stent in the MB. This manoeuvre has been recom-
mended in previous EBC consensus documents2,7,8 due to the follow-
ing potential advantages: 1) the technique helps to keep the SB open 
and, in case of occlusion, the guidewire is the only marker of the SB 
position; 2) it facilitates the access to the SB by favourably chang-
ing the angle of the bifurcation; 3) the jailed wire is a modality of 
anchoring that facilitates the intubation of the guiding catheter, pro-
viding a firmer support for the balloon to cross the origin of the SB; 
and 4) in extreme situations, it can be used as a rescue procedure, 
to pass a low-profile balloon and dilate the SB (Figure 5)27-29. The 
jailed wire technique is not free from complications. The trapped 

Figure 5. Side branch salvage using the jailed wire technique.

wire may suffer a fracture during the removal manoeuvre. The cal-
cification of the vessel wall, the length of the trapped wire, and high 
pressures used at the MB stent deployment have been suggested 
as predictors of jailed wire rupture. In a recent study30, polymer-
coated wires seemed to be more resistant to retrieval damage than 
non-polymer-coated wires. There is concern regarding embolisation 
of hydrophilic coating in patients with PCI. This complication has 
been described in histological samples after using polymer-coated 
wires31. Despite this, polymer-coated wires are widely used around 
the world and myocardial damage in terms of post-procedure tro-
ponin elevation has been similar among patients in whom polymer-
coated or non-polymer-coated wires were used30. Microcatheters, 
especially those with dual lumen, as well as the Venture™ cath-
eter (Vascular Solutions, Minneapolis, MN, USA) with its deflect-
able tip, can prove useful in wiring the SB in difficult cases. Plaque 
modification, with balloon dilatation, cutting balloon or rotablation 
of the MB, may facilitate SB wiring when access is difficult. The 
shape of the guidewire tip should be prepared manually in accord-
ance with the angle, the MB diameter and the anatomical take-off 
of the SB. It is recommended that the most difficult lesion should 
be wired first in order to avoid wire wrap. It is also very important 
to shape the distal tip of the MB guidewire in order subsequently 
to recross the distal strut of the MB stent. Pushing the MB wire too 
distally should be avoided not only because of the risk of distal dis-
section or perforation, but also to maintain the shape of the wire tip 
which will serve to wire the SB through the MB stent by means of 
a gentle pullback technique from the distal MB to the SB.
– Always wire both the MB and SB if it is important to maintain 

the SB patent.
– Jailing the SB wire is safe, maintains SB access, and facilitates 

SB rewiring.
– Microcatheters can facilitate difficult SB access.
– Rewiring of the SB by the pullback technique is encouraged.

PREDILATATION
MB preparation is a crucial step and should be considered routine 
practice in stable patients. It facilitates MB sizing and post-stent-
ing treatment of the proximal MB segment, which may influence 
the long-term results of bifurcation stenting. Predilatation of the 
SB remains a subject of controversy. It is generally preferable not 
to predilate the SB ostium given that the occurrence of dissec-
tion inherent in the enlargement of the lumen of the SB ostium 



1544

EuroIntervention 2
0
1
8

;1
3

:15
4

0
-15

5
3

could increase the likelihood of unintended access to the SB 
through a proximal strut. This is based on the fact that plaque is 
most often distributed opposite the flow divider in the SB ostium, 
thus increasing the chance that the stent cell covering the small 
opening is actually a distal cell11,12. Access through a distal strut 
is the only possibility for projecting struts in the SB in order to 
treat both the MB and the SB ostium with only one stent. Song et 
al20 assessed the effect of SB predilatation on outcomes for true 
bifurcation lesions using a provisional approach. After propensity 
score-matched population analysis, they observed that SB predila-
tation could be associated with an increased risk of repeat revascu-
larisation. However, Pan et al32 reported that, after randomisation 
to either SB predilatation or no SB predilatation, the rate of SB 
rewiring failure, the time of rewiring, the number of wires used, 
and the incidence of major events were similar in both groups of 
patients. The only difference was a higher TIMI flow rate in the 
SB after MB stenting in the SB predilatation group, but final SB 
TIMI flow and clinical outcomes were similar in both groups at 
the end of the procedure. We recommend that SB predilatation 
should be performed when SB access is difficult or in cases of 
severe diffuse and/or calcified SB lesion or compromised SB flow 
after wiring.

When carrying out SB predilatation, it is very important to 
assess the angiographic result carefully before MB stenting and to 
be ready to switch to another strategy (reverse provisional stenting 
strategy or DK-crush) in cases of dissection or difficult SB access.
– Predilatation of the MB is recommended.
– Predilatation of the SB is only recommended when access is 

difficult, in cases of severe diffuse and/or calcified SB lesion or 
compromised SB flow after wiring.

– Consider a stenting strategy (reverse provisional or two-stent up 
front) allowing stenting of the SB first in case of dissection or 
difficult SB access.

MAIN BRANCH STENTING
Second-generation drug-eluting stents (DES) are recommended 
for bifurcation treatment. Selection of the most appropriate stent 
platform is essential and should be made according to the maximal 
expansion ability of the stent, in order to allow stent apposition 
both on the MB wall and on the SB ostium22,33-36. The maximal 
opening diameter of the MB stent at the SB ostium is also an 
important criterion for the most proximal bifurcations such as the 
LM. The choice of stent diameter for MB stenting is crucial37-41: 
when too large (stent diameter selected according to the proxi-
mal MB reference diameter), it may significantly increase the risk 
of SB occlusion caused by carina shifting, or create a dissection 
in the distal segment. Stent diameter should be selected accord-
ing to the reference diameter of the MB distal segment in accord-
ance with the fractal law, the potential drawback being inadequate 
apposition of the stent on the proximal MB segment. However, 
this can be easily corrected by POT and/or KBI.
– Second-generation DES should be the first choice in bifurcation 

treatment.
Figure 6. Balloon positioning for optimal POT may be different 
according to balloon shape.

– Select nominal stent diameter of the MB according to the refer-
ence size distal to the SB take-off.

PROXIMAL OPTIMISATION TECHNIQUE
Workhorse stents can be adapted to the fractal anatomy of bifurca-
tion lesions, simply by using POT, especially in bifurcation lesions 
with a large SB where there is a greater difference between the 
proximal and distal MB diameters42.

POT is carried out after MB stenting by inflating a short balloon 
just proximal to the carina24. This parameter needs to be taken into 
account before choosing the MB stent length, in order to leave at 
least 6 to 10 mm of stent length proximal to the carina (the small-
est length of commonly available balloons). Careful positioning of 
the balloon for POT is crucial and may influence the final result: 
if too distal, it increases the risk of SB occlusion; if too proxi-
mal, it has no effect on the stent strut towards the SB. Ideally, the 
distal shoulder of the balloon should be positioned just proximal 
to the carina while the proximal part is still in the stent in order 
to avoid geographical miss. The main problem is that the posi-
tioning of the distal marker compared to the distal shoulder varies 
among the different balloons currently available (Figure 6); this 
should be clearly specified by the manufacturers. If the balloon 
does not span the entire stented proximal MB stent segment, the 
balloon should be repositioned and re-inflated to ensure that the 
most proximal part of the stent is also sufficiently expanded. The 
diameter ratio between the balloon and the proximal MB reference 
segment should be 1/1. Thus, compliant or non-compliant bal-
loons can be used, depending on the diameter the operator wants 
to achieve. Inflation is performed at nominal pressure or higher in 
order to reach the appropriate diameter. As a result, the original 
anatomical configuration of the bifurcation is restored in compli-
ance with the branching law.

Computer simulations and in vivo application have shown 
the other advantages of using POT in bifurcation lesion treat-
ment11,12. First, by apposing the stent strut to the proximal MB 
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wall, POT prevents the guidewire from recrossing into the SB 
between the arterial wall and the stent. Second, POT induces 
a constant increase in cell size area and modifies the orientation 
of the SB ostium. This phenomenon facilitates access towards 
the SB, and may also facilitate the distal recrossing (close to the 
carina) by reducing the possibility of recrossing through the MB 
stent. Consequently, POT is particularly helpful in instances of 
crossing failure with the wire. This also facilitates the recrossing 
of the balloon and sometimes the stent by reducing the friction 
towards the enlarged strut. The clinical relevance of POT is very 
difficult to assess, but recently, during the last EBC meeting, 
H.C. Gwon communicated the preliminary data of the COBIS 
II registry, analysing a subgroup of a propensity score-matched 
population with a large SB (≥2.5 mm), comparing 665 patients 
without POT and 204 patients with POT. There was a signi-
ficant difference in terms of a combined endpoint (MACCE) at 
36-month follow-up in favour of the POT group. POT should 
therefore become a systematic part of the standard approach to 
bifurcation lesion treatment.
– POT is recommended in bifurcation stenting.
– POT should be performed before SB rewiring to facilitate 

access and reduce the risk of accidental abluminal rewiring.
– Ensure dilatation from just proximal to the carina to the proxi-

mal stent edge.

SB TREATMENT
The fundamental advantage of the provisional SB stenting 
approach is that SB treatment remains an open option throughout 
the procedure. When the SB is small, a “keep it open strategy” 
(Figure 3) is probably the best approach, starting by wiring both 
branches and stenting the MB. The same strategy can be applied 
when the SB needs attention regardless of the possibility that the 
operator may decide not to open the struts towards the SB, based 
on the POT results. If the operator considers that the MB stent 
struts should be opened, then the MB wire (or a third wire) can 
be used to enter the SB through the most distal strut and perform 
subsequent SB ostium dilatation followed by KBI and a final POT. 
If SB stenting is necessary, it should be followed by KBI, and the 
procedure should be finalised with a second POT.
– SB treatment is indicated if the ostium is pinched or the flow is 

limited after POT.
– If SB treatment is required, rewire and dilate the SB and finalise 

with KBI and POT.
– SB stenting is indicated if the SB is occluded, dissected, or has 

limited flow despite KBI.

SIDE BRANCH OPENING
Opening the distal strut (close to the carina) of the MB stent 
towards the SB improves SB ostium scaffolding and decreases the 
need for SB stenting. In order to increase the odds of crossing the 
distal strut, the recommended technique is to have a perpendicu-
lar view of the SB ostium and to enter the SB by pulling back 
the MB wire (or a third wire in the direction of the SB ostium). 

If there is any doubt, the jailed SB wire can be removed, and 
a second attempt can be made using this wire or another wire to 
enter the SB as close as possible to the carina. The wire position 
can be verified by optical coherence tomography (OCT). Reports 
have shown that using a non-compliant (NC) balloon is associated 
with a lower risk of SB dissection and better clinical outcomes43,44. 
After opening the SB ostium, it is strongly recommended that final 
POT or KBI should be performed, preferably with two short NC 
balloons sized according to the actual reference size of the vessels 
or 0.5 mm below. In order to avoid proximal MB stent distortion, 
it is recommended that the balloons should not be positioned prox-
imal to the bifurcation core segment (Figure 1).
– Rewiring of the SB should aim to recross a distal stent cell.
– KBI should be performed using two NC balloons.
– The procedure should be finalised by POT after kissing to cor-

rect the proximal MB stent distortion.

WHEN TWO STENTS ARE CONSIDERED
In 5 to 25% of cases, a second stent may be needed depending 
on the lesion characteristics, SB importance, access towards the 
most distal strut and level of residual SB stenosis tolerated by 
the operator19,45,46. When the SB ostium appearance is optimal but 
the SB lesion is longer than 5 mm, a second stent can be used in 
a T-shape configuration without protrusion into the MB and a KBI 
should be performed (Figure 4). When the SB ostium appearance 
is not clearly visible or not optimal (usually access through a prox-
imal strut) and the SB lesion is longer than 5 mm, T-stenting with 
minor protrusion in the MB can be performed (TAP) or the culotte 
technique according to operator preference47. Final KBI followed 
by POT should be systematically carried out at the end of the pro-
cedure when two stents have been implanted.
– Bail-out SB stenting after MB stenting is performed with 

T-stenting, TAP or culotte.
– Implantation technique is selected according to angulations, ref-

erence size differences and operator capabilities.
– Always perform final KBI followed by POT in two-stent 

techniques.

EBC RECOMMENDATIONS ON UPFRONT USE OF TWO-
STENT TECHNIQUES
There are basically two situations in which the operator has to 
select a two-stent bifurcation technique: 1) the bail-out treatment 
of an SB during the provisional stenting strategy, and 2) the elec-
tive treatment of bifurcated lesions with complex anatomy and 
diffuse atherosclerotic involvement of both the MB and the SB. 
These two settings are not identical; each mandates specific con-
siderations. The technique in the first situation is covered above.

ELECTIVE TWO-STENT TREATMENT
Upfront use of two stents may basically only be needed in very 
complex lesions with large calcified side branches with ostial dis-
ease extending >5 mm from the carina and in bifurcations with 
side branches whose access is particularly challenging and where 
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the SB should be secured by stenting once accessed. Accordingly, 
two technical issues are critical for the clinical outcome of patients 
where elective double stenting is needed: 1) lesion preparation 
before bifurcation stenting, and 2) kissing balloon inflation fol-
lowed by POT afterwards. Complete stent expansion will facilitate 
optimal scaffolding of atherosclerotic lesions in order to achieve 
the best acute vessel lumen gain. Similarly, malapposed or under-
expanded stent struts may affect prognosis by triggering both 
restenosis and stent thrombosis. Accordingly, extensive post-dil-
atation is needed.

In selection of a specific two-stent technique, operators have 
a wide range of theoretical options well summarised by the MADS 
classification4. Only some of the techniques have been tested in 
trials. Some of the techniques have been refined with the aim of 
overcoming the problems that emerged during clinical practice. 
Both elective T-stenting and simultaneous kissing stenting (SKS 
technique) have important limitations that include the lack of 
predictable results in terms of stent distortion and vessel wall cov-
erage with elective T, and major concerns regarding safety with 
the long, double-layer neocarina by SKS47-50.

The crush technique reported by Colombo et al51 has gained 
popularity since it has the benefit of allowing stenting both the 
MB and SB without rewiring through the stent struts. However, 
due to the low success rate in finalising the procedures with KBI 
and suboptimal long-term outcome in the absence of KBI, this pro-
cedure is not recommended anymore. Chen and colleagues modi-
fied the original crush technique as the DK-crush technique52. This 
modification made the procedure more complex (since it requires 
the systematic performance of two kissing balloon inflations), but 
has been shown to reduce dramatically the risk of failures in per-
forming kissing balloon inflation and to be clinically effective and 
safe in the long term in trials conducted by operators dedicated 
to the technique50. Culotte stenting has a widespread use and has 
been tested in several trials. One limitation of the technique is the 
need for the two stents to accommodate the potential diameter 
mismatch between SB and proximal MB53,54 (Figure 4). Finally, 
it should be emphasised that successful elective double stenting 
may be achieved using an “inverted” provisional approach55 by 
simply stenting the side branch first, placing the stent from the 
proximal MB to the SB, jailing the distal main branch. Use POT 
in the proximal MB followed by distal MB rewiring and dilation 
and implanting the second stent, only if needed.
– A planned two-stent technique may be indicated for bifurcations 

with long SB lesions, difficult SB access or high risk of SB 
compromise.

– Vessel anatomy, vessel sizes, a need for stenting the SB first and 
operator proficiency affect the choice of strategy.

– Recommended techniques include reverse provisional stenting, 
T-stenting, culotte and DK-crush.

– POT is recommended and ensures optimal stent expansion in 
both the MB and SB.

– Always finalise a double stent procedure with KBI, followed by 
POT.

ROLE OF FRACTIONAL FLOW RESERVE (FFR) IN 
BIFURCATIONS
The use of a pressure wire to measure iFR/FFR has become a stand-
ard part of interventional practice. In patients with stable angina 
when no other objective evidence of ischaemia is available, a pres-
sure wire can be used in either the MB and/or SB to determine 
whether PCI is indicated. However, use of a pressure wire to deter-
mine whether a single-stent or two-stent approach is required is not 
recommended. When using the provisional bifurcation approach, 
a pressure wire has been used after MB stent implantation, when 
there is good MB and SB flow but focal ostial “pinching” of the 
SB on the angiogram. Under these circumstances, this approach can 
be used for additional reassurance that a second stent to the SB is 
unnecessary. The evaluation is, however, difficult since the pinching 
could be temporary, due to vascular wall oedema, minor intramural 
haematomas and plaque shift, prone to remodelling. Accordingly, 
management of an abnormal FFR in the SB after MB stenting is 
more complex and controversial, but ostial SB balloon dilation and 
careful POT are usually the initial approaches.
– An SB FFR value above 0.80 before MB stenting does not 

exclude a subsequent need for treating the SB.
– An FFR value above 0.80 in a jailed SB indicates that further 

SB treatment may be safely deferred.

INTRACORONARY IMAGING
Angiographic ambiguity is frequent during bifurcation stenting26. 
Adjunctive intravascular imaging with intravascular ultrasound 
(IVUS) or OCT may provide crucial information in planning and 
optimising treatment. Angiographic evaluation is often limited in 
assessment of the SB ostium, overlapping stent segments, lesion 
coverage, wire positions, stent expansion and strut apposition. 
IVUS and OCT both enable lesion assessment, evaluation of pre-
dilatation, reference sizing and evaluation of adequate vessel and 
stent expansion after stenting56-60. Compared to IVUS, OCT pro-
vides superior images of the lumen surface, calcified plaques, pre-
dilatation results, stent positions, wire positions and the SB ostium 
from both MB and SB pullbacks. However, OCT may increase the 
use of contrast and limit aorto-ostial assessment in some cases. 
IVUS allows better characterisation of plaque burden and does not 
require vessel flushing during acquisition. Advancing an imaging 
catheter into a jailed SB is not recommended, as distortion or frac-
ture of the stent can occur or the wire could be trapped61. The 
main focus points for guiding bifurcation stenting using intravas-
cular imaging are the following. Before stent implantation, con-
sider: 1) risk of SB compromise (lesions proximal or distal to the 
SB and ostial stenosis have been shown to affect this risk of SB 
compromise after MB stenting62,63), 2) planning of stent length to 
limit residual stenosis and fibroatheroma in adjoining segments64, 
3) assessment of segmental stent diameters based on proximal and 
distal reference size estimations, 4) planning the size and length of 
the balloon for POT to ensure it fits within the stent from carina to 
the proximal stent edge. After stent implantation, post-dilatation, 
POT and rewiring, a scan may be performed to: 1) rule out a higher 



1547

EuroIntervention 2
0
1
8

;1
3

:15
4

0
-15

5
3

EBC 12th consensus document

degree of residual edge stenosis, 2) evaluate stent expansion and 
apposition, 3) verify wire position in SB recrossing65-67, 4) rule out 
accidental abluminal rewiring68, and 5) perform a final scan after 
KBI to evaluate the SB ostium. If an SB stent is implanted, it is 
recommended to scan the stented SB and evaluate stent expan-
sion and apposition. In two-stent techniques, evaluation after each 
rewiring may be indicated. Use of OCT after bifurcation stent-
ing can, due to the high resolution, reveal imperfections which are 
often not noticed by angiography alone. The clinical significance 
of these findings has not yet been established; some may resolve 
spontaneously while others may be related to impaired outcome69.
– Intravascular imaging is a valuable supplement in bifurcation 

treatment and is especially useful in complex lesions due to the 
limitations of angiography alone.

– IVUS is recommended for LMCA bifurcation treatment but OCT 
may provide more detailed information and can be used with 
the provision that aorto-ostial evaluation is often not possible.

– OCT may be superior and may be more easy to interpret com-
pared to IVUS in the evaluation of the SB ostium, stent posi-
tions, malapposition, wire positions, and in the detection of 
thrombus.

– Wire positions in stent recrossing can be evaluated by OCT as 
the position affects scaffolding of the ostium and the formation 
of a metallic carina.

– Accidental abluminal rewiring of stents and accidental stent 
crush can be ruled out by OCT.

– Scanning of both MB and SB are recommended when guiding 
two-stent treatment by intravascular imaging.

QUANTITATIVE CORONARY ANALYSIS (QCA) – DEDICATED 
QCA SYSTEMS FOR BIFURCATIONS
QCA is an important standard analysis in scientific reporting and 
for regulatory assessment. Analysis of bifurcations by 2D QCA 
requires dedicated bifurcation software9,10,70-73. Use of 3D bifurcation 
QCA improves the accuracy of quantitative measurements including 
bifurcation angulations26,74-76. Present 3D QCA systems further pro-
vide the optimal projection angle in bifurcations26 and, in some sys-
tems, form the backbone for co-registration to OCT and IVUS77,78 
and for virtual FFR computation without the use of a pressure wire, 
including the quantitative flow ratio (QFR) technology78-80.
– QCA software dedicated to bifurcations is recommended.
– 3D QCA improves quantitative measurements compared to 2D 

QCA.
– QCA may aid stent sizing during intervention but its clinical 

value remains unknown.

THE LEFT MAIN
PCI OR CABG FOR DISTAL LEFT MAIN BIFURCATION 
LESIONS
Guidelines on myocardial revascularisation from the European 
Society of Cardiology/European Association for Cardio-Thoracic 
Surgery, give a class 1B indication for PCI in patients with a low 
SYNTAX score and significant LM disease. The level of evidence 

for PCI for LM disease in patients with a SYNTAX score of 22-33 
is class IIa. For a SYNTAX score ≥33, the recommendation is 
class III81. The recent EXCEL82 and NOBLE trials83,84 (PCI versus 
coronary artery bypass grafting [CABG] in LM) have strength-
ened the level of evidence for use of PCI with latest-generation 
DES in the treatment of LM disease. Notably, CABG had no prog-
nostic advantage compared to PCI in terms of mortality or stroke 
in either trial and, accordingly, an increasing number of patients, 
especially those with a low or intermediate complexity score or 
those at high surgical risk, will be treated by PCI for LM disease. 
Patient preference and PCI of high surgical risk patients may now 
increase the volume of LM PCI.
DIFFERENCES BETWEEN THE LM AND OTHER 
BIFURCATIONS
The LM is the largest bifurcation of the coronary tree and it pro-
vides blood supply to considerably more than 50% of the total 
myocardial mass. It has a number of unique features, which 
demand different technical approaches compared with non-LM 
bifurcations.

These include the following:
– The SB is usually the Cx which most often has a large refer-

ence diameter and is angulated, making it difficult to access 
with guidewires. Acute occlusion of the Cx usually results in 
considerable ischaemia and may induce acute ischaemic mitral 
regurgitation. The T-shaped bifurcation angle of the LMS may 
also affect implantation technique and a highly angulated Cx 
take-off may impact on prognosis after LM stenting.

– The LM is the only bifurcation where the proximal MB origi-
nates directly from the aorta. This increases complexity because 
of the interaction with the guide catheter and the potential for 
guidewires to go behind LM stent struts or for stent longitudinal 
compression.

– The proximal reference diameter may reach >5 mm – which is 
close to the dilatation limit of many coronary stents.

– Left main trifurcations are encountered in about 10% of LM 
cases and may require specific treatment strategies.

EBC CONSENSUS ON LM TREATMENT AND TECHNIQUES
A provisional SB stenting approach is recommended for LM treat-
ment in most cases. However, there are occasions where a two-
stent strategy is required from the outset of the LM procedure. 
Initial wiring of the SB is recommended and a careful single-
stent approach with POT is particularly applicable because of the 
changes in vessel calibre proximal and distal to the LM bifurcation.

PCI in the LM should always be regarded as a challenging pro-
cedure. Operators and their teams need to be experienced and pro-
ficient in rapidly responding to a sudden unplanned deterioration 
and the requirement for bail-out stenting strategies.
– LM PCI remains challenging and the entire team should be able 

to manage serious complications.
LESION PREPARATION
Coronary calcification is especially common, and it is likely 
that adjunctive plaque modification will be required to facilitate 
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optimal stent implantation. This is achieved with either rotational 
atherectomy, orbital atherectomy and/or cutting/scoring devices. 
When plaque modification is felt to be unnecessary, either inva-
sive imaging or careful predilation with an appropriately large 
balloon is recommended to ensure that subsequent stent expan-
sion is possible.

LEFT MAIN STRATEGIES FOR STENTING
LM involvement of the distal bifurcation was noted in 88% of PCI 
cases in NOBLE; 36% of these were treated with a two-stent tech-
nique. Distal LM bifurcation or trifurcation disease was noted in 
81% of EXCEL patients. Therefore, operators must have practised 
for managing the distal LM bifurcation and be intimately familiar 
with bifurcation stent techniques. Compared with non-LM bifur-
cations, operators should have a lower threshold for placement of 
a second stent in the SB. The EBC MAIN study is one of the first 
randomised clinical trials to compare single versus dual stenting 
strategies for the treatment of true bifurcation distal LM coronary 
artery lesions. The first study (DKCRUSH-V) will be presented 
at TCT 2017.

EBC MAIN is a prospective, multinational, randomised clini-
cal study of LM stem true bifurcation lesions (type 1,1,1 or 0,1,1; 
both LAD and Cx arteries >2.75 mm diameter) promoted by the 
EBC group. The study hypothesis is that LM coronary bifurca-
tion lesions are best treated with a planned single-stent strategy 
rather than a planned dual stent strategy, with respect to death, 
target lesion revascularisation and myocardial infarction at one 
year. A total of 450 patients are being enrolled and treated either 
with a planned single or a planned dual zotarolimus-eluting stent 
strategy. The decision to “bail out” from a provisional approach to 
a two-stent strategy will be determined by significant dissection of 
the SB, especially when it is associated with impaired antegrade 
flow. Passage of stents around the tortuosity of the Cx can be chal-
lenging; this may be a particular consideration when planning an 
LM procedure. Ensuring that an ostial lesion is covered, without 
an excessive length of stent protruding into the aorta, is important. 
This requires imaging in multiple angiographic views and may 
need further confirmation by IVUS. There is a broad variation of 
anatomy of the LM between individual patients. The usual dedi-
cated two-stent approaches are T, culotte and TAP, but DK-crush 
has been demonstrated to have excellent results in expert hands50 
(Figure 7).
– Stent implantation involves the bifurcation in 80-90% of LM 

stenting cases.
– Provisional stenting is the recommended strategy in most distal 

LM bifurcation lesions.
– Planned two-stent techniques may be indicated in cases with 

long Cx lesions, high risk of Cx compromise or difficult access.

USE OF OCT AND IVUS IN LM
Angiographic assessment of the LM has several limitations. This 
calls for a low threshold for use of IVUS or OCT since imaging 
may influence lesion preparation, as detection of confluent arcs 

Figure 7. Technical options when two stents are needed.

of calcium will usually require the use of adjunctive technology 
rather than just conventional balloon predilation85,86. Stent malap-
position, distortion of stents during rewiring and catheter/guide 
manipulations in the LM as well as stent undersizing contribute 
to the long-term risk of stent thrombosis which is potentially cata-
strophic in the LM.

As a consequence:
– It is strongly recommended to have access to intravascular imag-

ing modalities (IVUS/OCT/optical frequency domain imaging 
[OFDI]) during elective PCI of the LM.

– It is strongly recommended to use intravascular imaging during 
LM intervention when the passage of devices during the proce-
dure does not proceed in a predictable way.

FFR IN LM
In the pre-fractional flow reserve era, IVUS was used to assess 
angiographically intermediate LM disease. Minimal lumen area 
(MLA) was adopted as a parameter to define whether intervention 
to the LM could be safely deferred. The currently accepted MLA 
value of 6 mm2 has been validated against FFR87 and then clini-
cally assessed in a recent study, showing no difference in two-year 
mortality in patients with deferred LM PCI compared to patients 
successfully revascularised88.  Currently, FFR is probably a bet-
ter way of determining whether treatment of the LM is required. 
Importantly, equalisation of the two pressures (Pa: guiding cathe-
ter pressure, Pd: pressure by wire transducer) should be performed 
with the guiding catheter disengaged, especially in the presence of 
ostial lesions or catheter damping. Pressure wire measurement in 
either the LAD or LCx should be performed by inducing maxi-
mal hyperaemia with intravenous rather than intracoronary adeno-
sine (140 μg/kg/min in infusion). Assessment of the LM by FFR 
should include measurements of both the LAD and the Cx, includ-
ing a pullback measurement, to confirm LM disease.
– FFR may be used to determine the indication for LM treatment.
– FFR may be used for safe deferral of Cx treatment if measured 

after stenting across the Cx ostium85,86.
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STENT CHOICE CONSIDERATIONS
Outcomes with modern-generation metallic DES in all-comer PCI 
demonstrate broadly comparable performance in the short and 
medium term. However, when stenting the LM, knowing the max-
imal achievable dimensions with the particular stent platform is 
especially important8.

Forthcoming studies may inform whether one stent platform 
offers advantages over another and/or on dual antiplatelet therapy 
regimens that are specific to LM PCI. Given the lack of specific data 
and differing mechanical properties of existing BRS, especially with 
respect to overexpansion, radial strength, and outcomes in two-stent 
bifurcation treatment, metallic DES are recommended for LM PCI.

Conclusions
The present document from the 12th EBC meeting represents high-
lights of the current consensus and clinical recommendations of 
the EBC. It points to the fact that there are a multitude of strate-
gies and approaches to bifurcation stenting within the provisional 
strategy as well as in all the different two-stent strategies. The 
decision on which technique to use in a specific lesion is not only 
a matter of the best fit of a given technique to the anatomy and 
physiology but, maybe even more importantly, also the technical 
skills and experience of the operator.
– Keep it simple and safe.
– Limit the numbers of stents.
– Respect the original bifurcation anatomy and try to reproduce it.
– Aim for well apposed and well expanded stents with limited 

overlap.
The main EBC focus for the years to come is interventional 

treatment of the LM. Much has already been learned, but the EBC 
recommendations continue to track a moving target. Much more 
scientific work is needed to support the improvement of the treat-
ment of bifurcation lesions in coronary artery disease.

Conflict of interest statement
The authors have no conflicts of interest to declare.

References
 1. Thomas M, Hildick-Smith D, Louvard Y, Albiero R, 
Darremont O, Stankovic G, Pan M, Legrand V, Debruyne B, 
Lefèvre T. Percutaneous coronary intervention for bifurcation 
disease.A consensus view from the first meeting of the European 
Bifurcation Club. EuroIntervention. 2006;2:149-53.
 2. Legrand V, Thomas M, Zelisko M, De Bruyne B, Reifart N, 
Steigen T, Hildick-Smith D, Albiero R, Darremont O, Stankovic G, 
Pan M, Lassen JF, Louvard Y, Lefevre T. Percutaneous coronary 
intervention of bifurcation lesions: state-of-the-art. Insights from 
the second meeting of the European Bifurcation Club. 
EuroIntervention. 2007;3:44-9.
 3. Hildick-Smith D, Lassen JF, Albiero R, Lefevre T, 
Darremont O, Pan M, Ferenc M, Stankovic G, Louvard Y; European 
Bifurcation Club. Consensus from the 5th European Bifurcation 
Club meeting. EuroIntervention. 2010;6:34-8.

 4. 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, Iakovou I, 
Brunel P, Lansky A, Meerkin D, Legrand V, Medina A, Lefèvre T. 
Classification of coronary artery bifurcation lesions and treatments: 
time for a consensus! Catheter Cardiovasc Interv. 2008;71: 
175-83.
 5. Stankovic G, Darremont O, Ferenc M, Hildick-Smith D, 
Louvard Y, Albiero R, Pan M, Lassen JF, Lefèvre T. Percutaneous 
coronary intervention for bifurcation lesions: 2008 consensus docu-
ment from the fourth meeting of the European Bifurcation Club. 
EuroIntervention. 2009;5:39-49.
 6. Stankovic G, Lefèvre 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; European 
Bifurcation Club. Consensus from the 7th European Bifurcation 
Club meeting. EuroIntervention. 2013;9:36-45.
 7. 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 bifur-
cation disease: consensus from the first 10 years of the European 
Bifurcation Club meetings. EuroIntervention. 2014;10:545-60.
 8. Lassen JF, Holm NR, Banning A, Burzotta F, Lefevre T, 
Chieffo A, Hildick-Smith D, Louvard Y, Stankovic G. Percutaneous 
coronary intervention for coronary bifurcation disease: 11th con-
sensus document from the European Bifurcation Club. 
EuroIntervention. 2016;12:38-46.
 9. 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 
for bifurcation lesions: a consensus statement from the European 
Bifurcation Group. Catheter Cardiovasc Interv. 2009;73:258-66.
 10. Collet C, Onuma Y, Cavalcante R, Grundeken M, Genereux P, 
Popma J, Costa R, Stankovic G, Tu S, Reiber JH, Aben JP, Lassen JF, 
Louvard Y, Lansky A, Serruys PW. Quantitative angiography meth-
ods for bifurcation lesions: a consensus statement update from the 
European Bifurcation Group. EuroIntervention. 2017;13:115-23.
 11. Stankovic G, Lassen JF, Hildick-Smith D, Lefèvre T, 
Louvard Y, Gwon HC, Grundeken MJ. The EuroIntervention coro-
nary bifurcation treatment supplement. EuroIntervention. 2015;11 
Suppl V:V9-11.
 12. Louvard Y, Lefèvre T, van Geuns RJ. Why a EuroIntervention 
supplement on bifurcation stenting? EuroIntervention. 2010;6 
Suppl J:J8-9.
 13. Medina A, Suarez de Lezo J, Pan M. [A new classification of 
coronary bifurcation lesions]. Rev Esp Cardiol. 2006;59:183.
 14. Lefèvre T, Girasis C, Lassen JF. Differences between the left 
main and other bifurcations. EuroIntervention. 2015;11 Suppl V: 
V106-10.
 15. Huo Y, Finet G, Lefevre T, Louvard Y, Moussa I, Kassab GS. 
Which diameter and angle rule provides optimal flow patterns in 
a coronary bifurcation? J Biomech. 2012;45:1273-9.



1550

EuroIntervention 2
0
1
8

;1
3

:15
4

0
-15

5
3

 16. Kassab GS, Bhatt DL, Lefèvre T, Louvard Y. Relation of 
angiographic side branch calibre to myocardial mass: a proof of 
concept myocardial infarct index. EuroIntervention. 2013;8: 
1461-3.
 17. Darremont O, Leymarie JL, Lefèvre T, Albiero R, Mortier P, 
Louvard Y. Technical aspects of the provisional side branch stent-
ing strategy. EuroIntervention. 2015;11 Suppl V:V86-90.
 18. Kolh P, Windecker S, Alfonso F, Collet JP, Cremer J, Falk V, 
Filippatos G, Hamm C, Head SJ, Jüni 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; European Society of 
Cardiology Committee for Practice Guidelines, Zamorano JL, 
Achenbach S, 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; EACTS Clinical Guidelines 
Committee, Sousa Uva M, Achenbach S, Pepper J, Anyanwu A, 
Badimon L, Bauersachs J, Baumbach A, Beygui F, Bonaros N, De 
Carlo M, Deaton C, Dobrev D, Dunning J, Eeckhout E, Gielen S, 
Hasdai D, Kirchhof P, Luckraz H, Mahrholdt H, Montalescot G, 
Paparella D, Rastan AJ, Sanmartin M, Sergeant P, Silber S, 
Tamargo J, ten Berg J, Thiele H, van Geuns RJ, Wagner HO, 
Wassmann S, Wendler O, Zamorano JL; Task Force on Myocardial 
Revascularization of the European Society of Cardiology and the 
European Association for Cardio-Thoracic Surgery; European 
Association of Percutaneous Cardiovascular Interventions. 2014 
ESC/EACTS Guidelines on myocardial revascularization: the Task 
Force on Myocardial Revascularization of the European Society of 
Cardiology (ESC) and the European Association for Cardio-
Thoracic Surgery (EACTS). Developed with the special contribu-
tion of the European Association of Percutaneous Cardiovascular 
Interventions (EAPCI). Eur J Cardiothorac Surg. 2014;46:517-92.
 19. Hildick-Smith D, Behan MW, Lassen JF, Chieffo A, Lefèvre T, 
Stankovic G, Burzotta F, Pan M, Ferenc M, Bennett L, Hovasse T, 
Spence MJ, Oldroyd K, Brunel P, Carrie D, Baumbach A, Maeng M, 
Skipper N, Louvard Y. The EBC TWO Study (European Bifurcation 
Coronary TWO): A Randomized Comparison of Provisional 
T-Stenting Versus a Systematic 2 Stent Culotte Strategy in Large 
Caliber True Bifurcations. Circ Cardiovasc Interv. 2016 Sep;9(9).
 20. Song PS, Song YB, Lee JM, Hahn JY, Choi SH, Choi JH, 
Lee SH, Park KW, Kim HS, Jang Y, Seung KB, Oh JH, Gwon HC. 
Major Predictors of Long-Term Clinical Outcomes After 
Percutaneous Coronary Intervention for Coronary Bifurcation 
Lesions With 2-Stent Strategy: Patient-Level Analysis of the 
Korean Bifurcation Pooled Cohorts. JACC Cardiovasc Interv. 
2016;9:1879-86.
 21. De Luca L. Percutaneous Treatment of Coronary Bifurcation 
Lesions: Is Simplicity the Ultimate Sophistication? Circ Cardiovasc 
Interv. 2016 Sep;9(9).
 22. Mortier P, Hikichi Y, Foin N, De Santis G, Segers P, 
Verhegghe B, De Beule M. Provisional stenting of coronary 

bifurcations: insights into final kissing balloon post-dilation and 
stent design by computational modeling. JACC Cardiovasc Interv. 
2014;7:325-33.
 23. Derimay F, Souteyrand G, Motreff P, Guerin P, Pilet P, 
Ohayon J, Darremont O, Rioufol G, Finet G. Sequential Proximal 
Optimizing Technique in Provisional Bifurcation Stenting With 
Everolimus-Eluting Bioresorbable Vascular Scaffold: Fractal Coro-
nary Bifurcation Bench for Comparative Test Between Absorb and 
XIENCE Xpedition. JACC Cardiovasc Interv. 2016;9:1397-406.
 24. Finet G, Derimay F, Motreff P, Guerin P, Pilet P, Ohayon J, 
Darremont O, Rioufol G. Comparative Analysis of Sequential 
Proximal Optimizing Technique Versus Kissing Balloon Inflation 
Technique in Provisional Bifurcation Stenting: Fractal Coronary 
Bifurcation Bench Test. JACC Cardiovasc Interv. 2015;8:1308-17.
 25. Koo BK, Kang HJ, Youn TJ, Chae IH, Choi DJ, Kim HS, 
Sohn DW, Oh BH, Lee MM, Park YB, Choi YS, Tahk SJ. 
Physiologic assessment of jailed side branch lesions using frac-
tional flow reserve. J Am Coll Cardiol. 2005;46:633-7.
 26. Tu S, Jing J, Holm NR, Onsea K, Zhang T, Adriaenssens T, 
Dubois C, Desmet W, Thuesen L, Chen Y, Reiber JH. In vivo 
assessment of bifurcation optimal viewing angles and bifurcation 
angles by three-dimensional (3D) quantitative coronary angio-
graphy. Int J Cardiovasc Imaging. 2012;28:1617-25.
 27. Burzotta F, Trani C, Sianos G. Jailed balloon protection: 
a new technique to avoid acute side-branch occlusion during provi-
sional stenting of bifurcated lesions. Bench test report and first 
clinical experience. EuroIntervention. 2010;5:809-13.
 28. Burzotta F, De Vita M, Sgueglia G, Todaro D, Trani C. How 
to solve difficult side branch access? EuroIntervention. 2010;6 
Suppl J:J72-80.
 29. Pan M, Romero M, Ojeda S, Segura J, Mazuelos F, Suarez de 
Lezo J, Medina A, Suarez de Lezo J. Inverted crush technique for 
uncrossable side branch occlusion during provisional side branch 
stenting: a new role for the jailed wire. Rev Esp Cardiol. 2011; 
64:718-22.
 30. Pan M, Ojeda S, Villanueva E, Chavarria J, Romero M, 
Suarez de Lezo J, Mazuelos F, Segura J, Carrasco F, Hidalgo F, 
Lopez Aguilera J, Rodriguez S, Puente M, Suarez de Lezo J. 
Structural Damage of Jailed Guidewire During the Treatment of 
Coronary Bifurcation Lesions: A Microscopic Randomized Trial. 
JACC Cardiovasc Interv. 2016;9:1917-24.
 31. Grundeken MJ, Li X, Kurpershoek CE, Kramer MC, Vink A, 
Piek JJ, Tijssen JG, Koch KT, Wykrzykowska JJ, de Winter RJ, van 
der Wal AC. Distal embolization of hydrophilic-coating material 
from coronary guidewires after percutaneous coronary interven-
tions. Circ Cardiovasc Interv. 2015;8:e001816.
 32. 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 of side branch predilation before a provisional T-stent 
strategy for bifurcation lesions. A randomized trial. Am Heart J. 
2014;168:374-80.
 33. Ormiston JA, Webster MW, El Jack S, Ruygrok PN, 
Stewart JT, Scott D, Currie E, Panther MJ, Shaw B, O’Shaughnessy B. 



1551

EuroIntervention 2
0
1
8

;1
3

:15
4

0
-15

5
3

EBC 12th consensus document

Drug-eluting stents for coronary bifurcations: bench testing of pro-
visional side-branch strategies. Catheter Cardiovasc Interv. 2006; 
67:49-55.
 34. Mortier P, Van Loo D, De Beule M, Segers P, Taeymans Y, 
Verdonck P, Verhegghe B. Comparison of drug-eluting stent cell 
size using micro-CT: important data for bifurcation stent selection. 
EuroIntervention. 2008;4:391-6.
 35. Foin N, Sen S, Allegria E, Petraco R, Nijjer S, Francis DP, Di 
Mario C, Davies JE. Maximal expansion capacity with current DES 
platforms: a critical factor for stent selection in the treatment of left 
main bifurcations? EuroIntervention. 2013;8:1315-25.
 36. Burzotta F, Mortier P, Trani C. Characteristics of drug-eluting 
stent platforms potentially influencing bifurcated lesion provisional 
stenting procedure. EuroIntervention. 2014;10:124-32.
 37. Choy JS, Kassab GS. Scaling of myocardial mass to flow and 
morphometry of coronary arteries. J Appl Physiol (1985). 2008;104: 
1281-6.
 38. Murray CD. The physiological principle of minimum work 
applied to the angle of branching of arteries. J Gen Physiol. 1926;9: 
835-41.
 39. Murray CD. The Physiological Principle of Minimum 
Work: I. The Vascular System and the Cost of Blood Volume. Proc 
Nat Acad Sci U S A. 1926;12:207-14.
 40. Hahn JY, Gwon HC, Kwon SU, Choi SH, Choi JH, Lee SH, 
Hong KP, Park JE, Kim DK. Comparison of vessel geometry in 
bifurcation between normal and diseased segments: intravascular 
ultrasound analysis. Atherosclerosis. 2008;201:326-31.
 41. 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. EuroIntervention. 2008;3:490-8.
 42. Huo Y, Finet G, Lefèvre T, Louvard Y, Moussa I, Kassab GS. 
Optimal diameter of diseased bifurcation segment: a practical rule 
for percutaneous coronary intervention. EuroIntervention. 2012;7: 
1310-6.
 43. Mylotte D, Hovasse T, Ziani A, Lefevre T, Dumonteil N, 
Louvard Y, Carrie D. Non-compliant balloons for final kissing 
inflation in coronary bifurcation lesions treated with provisional 
side branch stenting: a pilot study. EuroIntervention. 2012;7: 
1162-9.
 44. Park TK, Lee JH, Song YB, Jeong JO, Hahn JY, Yang JH, 
Choi SH, Choi JH, Lee SH, Jeong MH, Kim HS, Oh JH, Yu CW, 
Rha SW, Jang Y, Yoon JH, Tahk SJ, Seung KB, Park JS, Gwon HC. 
Impact of non-compliant balloons on long-term clinical outcomes 
in coronary bifurcation lesions: results from the COBIS (COronary 
BIfurcation Stent) II registry. EuroIntervention. 2016;12:456-64.
 45. Zhang F, Dong L, Ge J. Simple versus complex stenting strat-
egy for coronary artery bifurcation lesions in the drug-eluting stent 
era: a meta-analysis of randomised trials. Heart. 2009;95:1676-81.
 46. Brar SS, Gray WA, Dangas G, Leon MB, Aharonian VJ, 
Brar SK, Moses JW. Bifurcation stenting with drug-eluting stents: 
a systematic review and meta-analysis of randomised trials. 
EuroIntervention. 2009;5:475-84.

 47. Ferenc M, Gick M, Comberg T, Rothe J, Valina C, Toma A, 
Loffelhardt N, Hochholzer W, Riede F, Kienzle RP, Achtari A, 
Neumann FJ. Culotte stenting vs. TAP stenting for treatment of de-
novo coronary bifurcation lesions with the need for side-branch 
stenting: the Bifurcations Bad Krozingen (BBK) II angiographic 
trial. Eur Heart J. 2016;37:3399-405.
 48. Burzotta F, Gwon HC, Hahn JY, Romagnoli E, Choi JH, 
Trani C, Colombo A. Modified T-stenting with intentional protru-
sion of the side-branch stent within the main vessel stent to ensure 
ostial coverage and facilitate final kissing balloon: the T-stenting 
and small protrusion technique (TAP-stenting). Report of bench 
testing and first clinical Italian-Korean two-centre experience. 
Catheter Cardiovasc Interv. 2007;70:75-82.
 49. Burzotta F, Dzavik V, Ferenc M, Trani C, Stankovic G. 
Technical aspects of the T And small Protrusion (TAP) technique. 
EuroIntervention. 2015;11 Suppl V:V91-5.
 50. 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.
 51. Colombo A, Stankovic G, Orlic D, Corvaja N, Liistro F, 
Airoldi F, Chieffo A, Spanos V, Montorfano M, Di Mario C. 
Modified T-stenting technique with crushing for bifurcation lesions: 
immediate results and 30-day outcome. Catheter Cardiovasc Interv. 
2003;60:145-51.
 52. Chen SL, Zhang JJ, Ye F, Chen YD, Patel T, Kawajiri K, 
Lee M, Kwan TW, Mintz G, Tan HC. Study comparing the double 
kissing (DK) crush with classical crush for the treatment of coro-
nary bifurcation lesions: the DKCRUSH-1 Bifurcation Study with 
drug-eluting stents. Eur J Clin Invest. 2008;38:361-71.
 53. Lassen JF, Stankovic G. Coronary bifurcation treatment 
revisited. EuroIntervention. 2015;11:850-1.
 54. Kervinen K, Niemelä M, Romppanen H, Erglis A, Kumsars I, 
Maeng M, Holm NR, Lassen JF, Gunnes P, Stavnes S, Jensen JS, 
Galloe A, Narbute I, Sondore D, Christiansen EH, Ravkilde J, 
Steigen TK, Mannsverk J, Thayssen P, Hansen KN, Helqvist S, 
Vikman S, Wiseth R, Aaroe J, Jokelainen J, Thuesen L; Nordic PCI 
Study Group. Clinical outcome after crush versus culotte stenting 
of coronary artery bifurcation lesions: the Nordic Stent Technique 
Study 36-month follow-up results. JACC Cardiovasc Interv. 
2013;6:1160-5.
 55. Louvard Y, Medina A. Definitions and classifications of 
bifurcation lesions and treatment. EuroIntervention. 2015;11 
Suppl V: V23-6.
 56. 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 



1552

EuroIntervention 2
0
1
8

;1
3

:15
4

0
-15

5
3

Clinical Expert Consensus Documents. J Am Coll Cardiol. 
2001;37:1478-92.
 57. 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, 
Feldman MD, Fitzgerald P, Garcia-Garcia HM, Gonzalo N, 
Granada JF, 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.
 58. 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.
 59. 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. EuroIntervention. 2010;5:709-15.
 60. 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.
 61. 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.
 62. Kang SJ, Mintz GS, Kim WJ, Lee JY, Park DW, Lee SW, 
Kim YH, Lee CW, Park SW, Park SJ. Preintervention angiographic 
and intravascular ultrasound predictors for side branch compromise 
after a single-stent crossover technique. Am J Cardiol. 2011;107: 
1787-93.
 63. 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 
evaluation of bifurcation lesions undergoing percutaneous coronary 
intervention. Circ Cardiovasc Interv. 2010;3:113-9.
 64. Prati F, Romagnoli E, Burzotta F, Limbruno U, Gatto L, La 
Manna A, Versaci F, Marco V, Di Vito L, Imola F, Paoletti G, 
Trani C, Tamburino C, Tavazzi L, Mintz GS. Clinical Impact of 
OCT Findings During PCI: The CLI-OPCI II Study. JACC 
Cardiovasc Imaging. 2015;8:1297-305.
 65. Holm NR, Tu S, Christiansen EH, Reiber JH, Lassen JF, 
Thuesen L, Maeng M. Use of three-dimensional optical coherence 
tomography to verify correct wire position in a jailed side branch 
after main vessel stent implantation. EuroIntervention. 2011;7: 
528-9.
 66. 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. EuroIntervention. 2012;8:205-13.
 67. Okamura T, Onuma Y, Yamada J, Iqbal 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. 
EuroIntervention. 2014;10:907-15.
 68. Wurtz M, Christiansen EH, Kristensen SD, Holm NR. 
Accidentally crushed stent during complex bifurcation treatment. 
A potential cause of very late stent thrombosis. Int J Cardiol. 
2015;197:113-5.
 69. Burzotta F, Talarico GP, Trani C, De Maria GL, Pirozzolo G, 
Niccoli G, Leone AM, Saffioti S, Porto I, Crea F. Frequency-
domain optical coherence tomography findings in patients with 
bifurcated lesions undergoing provisional stenting. Eur Heart J 
Cardiovasc Imaging. 2014;15:547-55.
 70. 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.
 71. Ishibashi Y, Grundeken MJ, Nakatani S, Iqbal J, Morel MA, 
Genereux P, Girasis C, Wentzel JJ, Garcia-Garcia HM, Onuma Y, 
Serruys PW. In vitro validation and comparison of different soft-
ware packages or algorithms for coronary bifurcation analysis 
using calibrated phantoms: implications for clinical practice and 
research of bifurcation stenting. Catheter Cardiovasc Interv. 2015; 
85:554-63.
 72. 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.
 73. 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 automatic 
reference vessel diameter derivation. EuroIntervention. 2012;7: 
1326-35.



1553

EuroIntervention 2
0
1
8

;1
3

:15
4

0
-15

5
3

EBC 12th consensus document

 74. 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. EuroIntervention. 2013;8:1451-60.
 75. 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.
 76. 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.
 77. 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.
 78. 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:e15-7.
 79. Tu S, Barbato E, Köszegi Z, Yang J, Sun Z, Holm NR, Tar B, 
Li Y, Rusinaru D, Wijns W, Reiber JH. Fractional flow reserve cal-
culation from 3-dimensional quantitative coronary angiography 
and TIMI frame count: a fast computer model to quantify the func-
tional significance of moderately obstructed coronary arteries. 
JACC Cardiovasc Interv. 2014;7:768-77.
 80. 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. EuroIntervention. 
2014;10:574-83.
 81. Authors/Task Force members, Windecker S, Kolh P, Alfonso F, 
Collet JP, Cremer J, Falk V, Filippatos G, Hamm C, Head SJ, Jüni 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 Guidelines on myocardial revascularization: The Task 
Force on Myocardial Revascularization of the European Society of 
Cardiology (ESC) and the European Association for Cardio-Tho-
racic Surgery (EACTS)Developed with the special contribution of 
the European Association of Percutaneous Cardiovascular Interven-
tions (EAPCI). Eur Heart J. 2014;35:2541-619.

 82. Stone GW, Sabik JF, Serruys PW, Simonton CA, Généreux P, 
Puskas J, Kandzari DE, Morice MC, Lembo N, Brown WM 3rd, 
Taggart DP, Banning A, Merkely B, Horkay F, Boonstra PW, van 
Boven AJ, Ungi I, Bogats G, Mansour S, Noiseux N, Sabaté M, 
Pomar J, Hickey M, Gershlick A, Buszman P, Bochenek A, 
Schampaert E, Page P, Dressler O, Kosmidou I, Mehran R, 
Pocock SJ, Kappetein AP; EXCEL Trial Investigators. Everolimus-
Eluting Stents or Bypass Surgery for Left Main Coronary Artery 
Disease. N Engl J Med. 2016;375:2223-35.
 83. Makikallio T, Holm NR, Lindsay M, Spence MS, Erglis A, 
Menown IB, Trovik T, Eskola M, Romppanen H, Kellerth T, 
Ravkilde J, Jensen LO, Kalinauskas G, Linder RB, Pentikainen M, 
Hervold A, Banning A, Zaman A, Cotton J, Eriksen E, Margus S, 
Sorensen HT, Nielsen PH, Niemelä M, Kervinen K, Lassen JF, 
Maeng M, Oldroyd K, Berg G, Walsh SJ, Hanratty CG, Kumsars I, 
Stradins P, Steigen TK, Fröbert O, Graham AN, Endresen PC, 
Corbascio M, Kajander O, Trivedi U, Hartikainen J, Anttila V, 
Hildick-Smith D, Thuesen L, Christiansen EH; NOBLE study 
investigators. Percutaneous coronary angioplasty versus coronary 
artery bypass grafting in treatment of unprotected left main stenosis 
(NOBLE): a prospective, randomised, open-label, non-inferiority 
trial. Lancet. 2016;388:2743-52.
 84. Christiansen EH, Mäkikallio T, Hildick-Smith D, Thuesen L, 
Holm NR; NOBLE study investigators. Stents versus bypass sur-
gery for left main stem stenosis - Authors’ reply. Lancet. 2017;389: 
1609.
 85. Burzotta F, Dato I, Trani C, Pirozzolo G, De Maria GL, 
Porto I, Niccoli G, Leone AM, Schiavoni G, Crea F. Frequency 
domain optical coherence tomography to assess non-ostial left main 
coronary artery. EuroIntervention. 2015;10:e1-8.
 86. Kang SJ, Ahn JM, Kim WJ, Lee JY, Park DW, Lee SW, 
Kim YH, Lee CW, Park SW, Park SJ. Functional and morphologi-
cal assessment of side branch after left main coronary artery bifur-
cation stenting with cross-over technique. Catheter Cardiovasc 
Interv. 2014;83:545-52.
 87. Jasti V, Ivan E, Yalamanchili V, Wongpraparut N, Leesar MA. 
Correlations between fractional flow reserve and intravascular 
ultrasound in patients with an ambiguous left main coronary artery 
stenosis. Circulation. 2004;110:2831-6.
 88. de la Torre Hernandez JM, Hernandez Hernandez F, 
Alfonso F, Rumoroso JR, Lopez-Palop R, Sadaba M, Carrillo P, 
Rondan J, Lozano I, Ruiz Nodar JM, Baz JA, Fernandez 
Nofrerias E, Pajin F, Garcia Camarero T, Gutierrez H; LITRO 
Study Group (Spanish Working Group on Interventional 
Cardiology). Prospective application of pre-defined intravascular 
ultrasound criteria for assessment of intermediate left main coro-
nary artery lesions results from the multicenter LITRO study. 
J Am Coll Cardiol. 2011;58:351-8.


