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Bifurcation coronary lesions are commonplace, but present a diffi-

cult challenge to the interventional cardiologist, with a high compli-

cation rate in both the long and short term1. Major adverse cardiac

events (MACE) are significantly higher in bifurcation versus non-

bifurcation lesions2 and this is chiefly attributable to target vessel

revascularisation rather than death or myocardial infarction3.

The first meeting of the European Bifurcation Club took place on

15th to 16th of September, 2005 in Bordeaux and was organised by

Drs. Thierry Lefèvre, Yves Louvard, Remo Albiero, Olivier

Darremont, Manuel Pan and Goran Stankovic. The aim was to bring

together an invited faculty of European cardiologists involved in this

field to discuss optimal strategies for treating bifurcation coronary

artery disease and also to interact with the industry. After 36 hours

of discussions an attempt was made to reach a consensus view,

and this manuscript reflects the results of these discussions.

The following topics were considered:

– Definitions

– Pharmacology

– Imaging and QCA of bifurcation lesions

– Plaque modification

– Technique

– Lesion location

– Philosophy

– Physiology

– Dedicated bifurcation devices

Definitions
Definition and classification of bifurcation coronary disease is not

straightforward. A general consensus exists that if a branch vessel

is large enough to be stented, then the coronary division merits the

term “bifurcation”. This does not take account of any difference in

relative size of the two vessels in question, but does have the advan-

tage of uniformity. In practice, therefore, divisions where branch

vessels of > 2.25 mm diameter emerge are considered to represent

bifurcations. The pattern of disease at the bifurcation may be fur-

ther classified into “true” bifurcations (where the lesion involves

both the main and side vessels to a significant degree – ICPS

types 1 and 4) and “false” bifurcations (where only the main or side

vessel is significantly involved – ICPS types 2, 3, 4a, 4b) at a bifur-

cation. The relative value of distinguishing between true and false

bifurcations has not been established.
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There are several eponymous classification systems in use, but

none has gained full acceptance. The most widely used is the ICPS

classification4. This however is not a particularly “intuitive” classifi-

cation and can be difficult to remember in clinical practice. The

MEDINA classification5 was considered to be the most simple to

understand and use and was adopted by everybody (Figure 1).

It is not likely that any randomised trials will be performed with a pri-

mary end-point of SAT. It could be that large “real world” registries

(such as the Medtronic “E5” using the Endeavor™ stent and the

Boston Scientific “Olympia” registry using the Taxus Liberte™ stent)

could at least provide the incidence of SAT with the use of DES in

bifurcation disease.

Imaging and QCA of bifurcation lesion
Imaging of bifurcation coronary disease remains problematic.

Multiple 2D imaging planes may be required before a clear image

of the bifurcation is achieved, and in some cases, optimal imaging

of the bifurcation is never truly achieved due to poor ostiale visuali-

sation of the side branch and/or foreshortening of the vessel.

Recently, Ludwig et al have been experimenting with novel 3D

reconstruction software, to offer superior anatomical assessment of

the bifurcation lesion, and also to calculate the optimal caudal/cra-

nial and left/right angulation required to best visualise the bifurca-

tion. This technology (Paieon Medical Ltd, Israel) was enthusiasti-

cally received at the meeting. Intravascular ultrasound has taught

us the importance of kissing balloon inflations following complex

bifurcation stenting11, but is not itself considered necessary for the

correct undertaking of bifurcation angioplasty. The importance of

understanding the Murray’s law12 was clearly pointed out by Gérard

Finet from Lyon, France who confirmed in vivo the mathematical

relationship between the diameter of both branches (MB and SB)

of the bifurcation and the Proximal Branch (PB): PB (mm) =

(MB+SB) x 0.67 (in a constant flow model this ratio is 0.71).This

formula can be very useful for evaluating the correct proximal refer-

ence diameter in a bifurcation lesion, especially for distal left main.

It can be used also to determine the reference diameter of the side

branch when diseased (knowing the proximal and distal main

branch reference diameter). This rule is now used in a new experi-

mental QCA software which was presented by General Electric.

Medis has also developed a new software dedicated to analysis of

bifurcation lesions.

Plaque modification
One of the major problems during percutaneous treatment of bifur-

cations is plaque shift. There is therefore a theoretical advantage to

including plaque modification in the strategy. There are proponents

of various techniques, including use of the cutting balloon13, rotab-

lation14 and atherectomy15. None, however, has clearly been shown

to be beneficial in any randomised trial of technique, and there

remains no consensus about the value of these ancillary tech-

niques.

Technique
There are many described techniques for the treatment of bifurca-

tion lesions. These include; main-vessel-only stenting, provisional

side branch T-stenting; T-stenting, modified T-stenting, culotte,

crush, V-stenting, shotgun and simultaneous kissing stents16. Many

of these techniques are minor variations on a theme and provision-

al techniques may still end up with complex stenting17. An attempt

to classify these treatments into types A-D has been made16.

Randomised trials are difficult to do: each patient’s anatomy may

Figure 1.

Bifurcation site
Not all bifurcations are the same, and this is particularly the case for

distal Left Main Stem disease – the “big bifurcation”. Whereas

branch vessels can be considered of subsidiary importance, the left

main stem subtends the circumflex and left anterior descending

coronary arteries, neither of which can be ignored or sacrificed with

impunity (with the exception of vestigial non-dominant circumflex

vessels) Therefore the left main stem has “special status” within

bifurcations. Important data on the treatment of left main stem dis-

ease, including the interventional treatment of distal bifurcation dis-

ease will be available from the SYNTAX trial which is well into the

recruitment phase.

Pharmacology
Preloading with clopidogrel and aspirin is routine for coronary inter-

ventions and this applies equally to bifurcation disease. Additional

elective use of glycoprotein IIb/IIIa inhibitors is currently considered

the optimal pharmacological approach, but use of these drugs is

decreasing, and further data from the ISAR REACT study series6

could potentially influence activity further.

One of the main concerns with bifurcation stenting, particularly if

a double stent technique is used (either deliberately or as the final

phase of a provisional T-stent strategy) is of SubAcute stent

Thrombosis (SAT). Using drug-eluting stents, SAT may be more

common with complex stenting techniques, as it was in the BMS

era7. There is a suggestion from the “Research” and “T-search”

Registries8,9 that routine use of Gp2b3a inhibitors with complex

bifurcation stenting may reduce the rate of SAT. However there is no

data showing that late stent thrombosis after complex stenting is

reduced by the adjunctive use of antiplatelet treatment10.
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favour a particular technique, but trial patients overall will be hetero-

geneous. During the first European Bifurcation Club meeting the fol-

lowing comments were made by experts in the field:

“It may be impossible to do randomised trials: every patient needs

an individual treatment.”

“Every technique is potentially provisional when using type B treat-

ment (first stenting the main branch), we can do a provisional

culotte, provisional T, provisional crush...”

In the era of bare metal stents, consensus would appear to favour

the “simple” (attempted single stent) approach, compared to the

complex (planned double stent) approach. No randomised data is

available, but several registries appear to favour the “provisional” T

stenting approach2-15. Difficulties with these registries include:

– They are often not assessed with an intention to treat manner.

– Side branch stents are often placed as a result of poor results or

complications. Therefore a systematic bias favours the single

stent patients, as they have “easier” lesions with better initial out-

comes.

– The techniques used for double stenting vary from registry to reg-

istry. Even the names of the techniques, as well.

– The classification of the bifurcation types and treatment is not

always clear.

Despite these shortcomings, the recurring theme of these registries

is that for bare metal stents, deliberate double stent techniques are

not superior, and may be inferior, to attempted single stent tech-

niques involving provisional treatment of the side branch. In the era

of drug-eluting stents however, given the very low rates of resteno-

sis of these stents, it will be important to re-examine this issue.

Data so far for the more complex techniques employing drug-elut-

ing stents are limited. The Colombo trial utilising sirolimus-eluting

stents is difficult to interpret, as there was a very high crossover rate

from single to dual vessel stenting. Per-protocol angiographic

restenosis (>50% in either vessel) was seen in 28% of the stent-

stent versus 18% of the provisional stent group18. In the ran-

domised study of Pan et al19, a very low rate of cross-over was

observed but the trend was the same: a higher rate of restenosis,

TVR and MACE in the 2 stents group.

If a complex strategy is employed, kissing balloon angioplasty is an

important final part of the procedure20,21 both to reduce restenosis

at the ostium of the side branch, and possibly to facilitate future

access to the side branch. However, recrossing a stent crush is not

always possible.

If a simple technique is employed, immediate patency of the side

branch is more easily achieved with a wire jail than without22.

Certainly, the 2nd wire favourably modifies the angle between the

2 vessels23, and is a good marker of the side branch should it

occlude during stenting of the parent vessel. There are no data,

however, to establish clearly whether a kissing inflation is necessary

with the provisional T-stent strategy if there is good flow in the side

branch after initial deployment of the stent in the main vessel.

How can this field be moved forward from
“anecdotalism” to clinical science?
There are a number of options for clinical trials which will allow the

delineation of the optimal treatment of bifurcation coronary disease:

Philosophical
There are two potential areas where a philosophical approach in

bifurcation disease could be tested. The first would be a trial of per-

cutaneous intervention versus coronary artery bypass grafting.

However, as percutaneous intervention has advanced, so it has

become more difficult to randomise patients into this type of trial,

and although there are several ongoing trials randomising patients

to either an interventional or a surgical management of their coro-

nary disease, it is doubtful that a randomised trial of surgical versus

interventional management of LAD/diagonal bifurcation coronary

disease could successfully take place.

The second potential for a “philosophical” trial would be one com-

paring “flow” versus “anatomy”. The most simple approach to a

bifurcation lesion is to stent the main vessel and only intervene on

the side branch if the flow in the side-branch is compromised. This

could be compared to a strategy requiring angiographic anatomi-

cal optimisation, such that no stenosis of >50% could be left

untreated “per protocol”. Two such studies are currently being per-

formed, each at differing levels of completion. The Nordic

Bifurcation Study has enrolled 400 patients with bifurcation dis-

ease. Randomisation is between a simple (provisional side branch

T-stenting) and a complex strategy (crush, culotte or T stenting

with final kissing balloon inflation) using the Cypher stent. The pri-

mary endpoint is a composite of death, myocardial infarction, and

target vessel revascularisation, at 6 months, with an additional

angiogram at 8 months. This nice design allows clinical endpoints

to take priority, while also providing subsequent angiographic data.

The BBC ONE study is being performed in the UK. This will com-

pare simple (provisional T with final kissing) and complex strate-

gies (crush or culotte with final kissing) in 500 patients using the

Taxus stent. The primary end-point in this study is a composite of

death, myocardial infarction and target vessel failure at 9 months.

Between them therefore, these 2 studies will include nearly 1,000

patients randomised to simple or complex strategies, and are suf-

ficiently similar to allow possible meta-analysis. Hopefully, this will

give a clear answer as to the correct baseline strategy for bifurca-

tion coronary disease, and indeed may hint as to whether one

drug-eluting stent has an advantage over another.

Physiological
The alternative approach would be to assess the physiological sig-

nificance of any residual or “new” lesion in the side branch, follow-

ing plaque shift, using pressure wire derived Fractional Flow

Reserve (FFR). This might present technical difficulties manipulat-

ing the pressure wire through the parent vessel stent. Also, imme-

diate pressure-wire derived assessment may not be representative

of the physiology of the side branch ostium over time – pressure

wire data were initially derived from chronic stable anatomy, and the

anatomy of a recently stented bifurcation does not conform to this.

Some data, however, has been presented with this technique, “jail-

ing” the pressure wire during the procedure, and suggests that

angiography alone is unreliable in assessing the functional severity

of jailed side branches – many side branches with a >75% angio-

graphic stenosis had an FFR >0.75 suggesting that no further inter-
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vention was required24. To try to answer this question a prospective

randomised study will be designed.

New devices
Dedicated bifurcation devices have had only moderate success so

far25 in bare metal format, but may yet prove useful, particularly for

the left main stem when the DES format is available. One device

currently being assessed is the Devax stent (Axxess Plus study),

a unique self expanding stent which is deployed in the parent ves-

sel (carena device), followed by distal stenting in the main and/or

the side branch as required. Preliminary data with this device are

very promising and a First-in-Man study with a Devax left main DES

carena device is now ongoing.

A number of dedicated stent designs in DES format are in develop-

ment (dedicated provisional T approach devices: Twin-Rail,

Frontier, Petal, sidekick, Nile; Side branch stents: Capella, Tryton;

and carena devices: Axxess plus). When mature, they may offer an

advance in bifurcation treatment options, particularly with respect to

the left main stem. Randomised trials of these devices appear

unlikely and we may well have to rely on registry data to decide on

the relative merit of each new device.

Conclusions
Randomised trials in bifurcation coronary disease are difficult

because of the heterogeneous nature of the anatomy of bifurca-

tions. A consensus view of the definition of bifurcation anatomy

would be very useful and the MEDINA classification would appear

to provide this. Registry data may be required to assess complica-

tion rates such as subacute or late stent thrombosis. Randomised

trials of a “simple” versus a “complex” approach are, however, pos-

sible and two such trials are currently under way. In the absence of

randomised data to the contrary, a “simple” approach to bifurcation

lesions would seem to be reasonable. If one technique is shown to

be superior to the other, then subsequent new devices could be

assessed in a registry format against this gold standard. The left

main stem presents a particular challenge to the interventional car-

diologist. The SYNTAX trial should offer a baseline for intervention-

al therapies in this area – this cohort could then, again, be tested

against new devices using the SYNTAX group or the Bifurcation

group of patients included in ARTS II26 as historical controls.

Much work remains to be done in percutaneous treatment of coro-

nary bifurcation lesions. However, gradually some consensus

appears to be emerging in this difficult field and we are hopeful that

a standard approach will emerge over the next 3-5 years.

Consensus was reached on the following issues
– The MEDINA classification should be more widely adopted (see

Figure 1)
– With bare metal stents, a stepwise provisional T-stent strategy is

the gold standard
– With bare metal stents, deliberate double-stenting may be an

inferior technique
– With drug-eluting stents, the optimal strategy is under development,

and two ongoing trials (Nordic and BBC1) will help define this.
– After complex stenting, kissing balloon inflations should be rou-

tinely performed.

There is still debate
– A precise, simple and easy to retain definition of treatments is still

necessary.

– In bifurcation lesions with no significant side branch involvement

should we end always with a kissing or jail the side branch?

– Is the answer different for distal left main?

In true bifurcation lesions with relatively long side branch lesion (> 3

to 5 mm in length), there is a consensus for the use of 2 stents but

what is the best treatment with 2 stents: T stenting, minicrush,

crush, culotte?

Maybe the answer will come, not only from randomised studies, but

also from bench testing?

References
1. Al Suwaidi J, Yeh W, Cohen HA, Detre KM, Williams DO,

Holmes DR, Jr. Immediate and one-year outcome in patients with coro-
nary bifurcation lesions in the modern era (NHLBI dynamic registry). Am
J Cardiol 2001;87(10):1139-44.

2. Al Suwaidi J, Berger PB, Rihal CS, Garratt KN, Bell MR, Ting HH,
Bresnahan JF, Grill DE, Holmes DR Jr. Immediate and long-term outcome
of intracoronary stent implantation for true bifurcation lesions. J Am Coll
Cardiol 2000;35(4):929-36.

3. Garot P, Lefevre T, Savage M, Louvard Y, Bamlet WR, Willerson JT,
Morice MC, Holmes DR Jr. Nine-month outcome of patients treated by
percutaneous coronary interventions for bifurcation lesions in the recent
era: a report from the Prevention of Restenosis with Tranilast and its
Outcomes (PRESTO) trial. J Am Coll Cardiol 2005;46(4):606-12.

4. Lefevre T, Louvard Y, Morice MC, Dumas P, Loubeyre C,
Benslimane A, Premchand RK, Guillard N, Piechaud JF. Stenting of bifur-
cation lesions: classification, treatments, and results. Catheter Cardiovasc
Interv 2000;49(3):274-83.

5. Medina A, Surez de Lezo J, Pan M. A new classification of coronary
bifurcation lesions Rev.Esp.cardiol. 2006; 59 (2): 183-4.

6. Kastrati A, Mehilli J, Schuhlen H, Dirschinger J, Dotzer F, ten
Berg JM, Neumann FJ, Bollwein H, Volmer C, Gawaz M, Berger PB,
Schomig A. Intracoronary Stenting and Antithrombotic Regimen-Rapid
Early Action for Coronary Treatment Study Investigators. A clinical trial of
abciximab in elective percutaneous coronary intervention after pretreat-
ment with clopidogrel. N Engl J Med 2004;350(3):232-8.

7. Iakovou I, Schmidt T, Bonizzoni E, Ge L, Sangiorgi GM,
Stankovic G, Airoldi F, Chieffo A, Montorfano M, Carlino M, Michev I,
Corvaja N, Briguori C, Gerckens U, Grube E, Colombo A. Incidence, pre-
dictors, and outcome of thrombosis after successful implantation of drug-
eluting stents. Jama 2005;293(17):2126-30.

8. Lemos PA, Serruys PW, van Domburg RT, Saia F, Arampatzis CA,
Hoye A, Degertekin M, Tanabe K, Daemen J, Liu TK, McFadden E,
Sianos G, Hofma SH, Smits PC, van der Giessen WJ, de Feyter PJ.
Unrestricted utilization of sirolimus-eluting stents compared with conven-
tional bare stent implantation in the “real world”: the Rapamycin-Eluting
Stent Evaluated At Rotterdam Cardiology Hospital (RESEARCH) registry.
Circulation 2004;109(2):190-5.

9. Valgimigli M, van Mieghem CA, Ong AT, Aoki J, Granillo GA,
McFadden EP, Kappetein AP, de Feyter PJ, Smits PC, Regar E, Van der
Giessen WJ, Sianos G, de Jaegere P, Van Domburg RT, Serruys PW. Short-
and long-term clinical outcome after drug-eluting stent implantation for
the percutaneous treatment of left main coronary artery disease: insights
from the Rapamycin-Eluting and Taxus Stent Evaluated At Rotterdam

06C1145_EI_149Lefevre.qxd  26/07/06  9:08  Page 152



- 153 -

Cardiology Hospital registries (RESEARCH and T-SEARCH). Circulation
2005;111(11):1383-9.

10. Ong AT, Hoye A, Aoki J, van Mieghem CA, Rodriguez Granillo GA,
Sonnenschein K, Regar E, McFadden EP, Sianos G, van der Giessen WJ,
de Jaegere PP, de Feyter P, van Domburg RT, Serruys PW. Thirty-day inci-
dence and six-month clinical outcome of thrombotic stent occlusion after
bare-metal, Sirolimus, or paclitaxel stent implantation. J Am Coll Cardiol
2005;45:947-53.

11. Costa RA, Mintz GS, Carlier SG, Lansky AJ, Moussa I, Fujii K,
Takebayashi H, Yasuda T, Costa JR Jr, Tsuchiya Y, Jensen LO, Cristea E,
Mehran R, Dangas GD, Iyer S, Collins M, Kreps EM, Colombo A,
Stone GW, Leon MB, Moses JW. Bifurcation coronary lesions treated with
the “crush” technique: an intravascular ultrasound analysis. J Am Coll
Cardiol 2005;46(4):599-605.

12. Murray C. D. The physiological principle of minimum work applied
to the angle of branching of arteries. J. Gen. Physiol. 1926; 9:835-841.

13. Takebayashi H, Haruta S, Kohno H, Ichinose H, Taniguchi M,
Shimakura T, Ohe T. Immediate and 3-month follow-up outcome after cutting
balloon angioplasty for bifurcation lesions. J Interv Cardiol 2004;17(1):1-7.

14. Nageh T, Kulkarni NM, Thomas MR. High-speed rotational
atherectomy in the treatment of bifurcation-type coronary lesions.
Cardiology 2001;95(4):198-205.

15. Karvouni E, Di Mario C, Nishida T, Tzifos V, Reimers B, Albiero R,
Corvaja N, Colombo A. Directional atherectomy prior to stenting in bifur-
cation lesions: a matched comparison study with stenting alone. Catheter
Cardiovasc Interv 2001;53(1):12-20.

16. Louvard Y, Lefevre T, Morice MC. Percutaneous coronary interven-
tion for bifurcation coronary disease. Heart 2004;90(6):713-22.

17. Yamashita T, Nishida T, Adamian MG, Briguori C, Vaghetti M,
Corvaja N, Albiero R, Finci L, Di Mario C, Tobis JM, Colombo A.
Bifurcation lesions: two stents versus one stent—immediate and follow-up
results. J Am Coll Cardiol 2000;35(5):1145-51.

18. Colombo A, Moses JW, Morice MC, Ludwig J, Holmes DR Jr, Spanos V,
Louvard Y, Desmedt B, Di Mario C, Leon MB. Randomized study to evalu-

ate sirolimus-eluting stents implanted at coronary bifurcation lesions.
Circulation. 2004 Mar 16;109(10):1244-9. Epub 2004 Feb 23. 

19. Pan M, de Lezo JS, Medina A, Romero M, Segura J, Pavlovic D,
Delgado A, Ojeda S, Melian F, Herrador J, Urena I, Burgos L. Rapamycin-
eluting stents for the treatment of bifurcated coronary lesions: a random-
ized comparison of a simple versus complex strategy. Am Heart J
2004;148(5):857-64.

20. Brueck M, Scheinert D, Flashskampf FA, Daniel WG, Ludwig J.
Serial vs. Kissing balloon angioplasty for stenting of bifurcation coronary
lesions. Cathet Cardiovasc Intervent 2002; 55: 461-466.

21. Ge L, Iakovou I, Cosgrave J, Agostoni P, Airoldi F, Sangiorgi GM,
Michev I, Chieffo A, Montorfano M, Carlino M, Corvaja N, Colombo A.
Treatment bifurcation lesions with two stents: crush versus T Stenting -
one year angiographic and clinical follow-up. Heart. 2006 Mar;92(3):371-
6. Epub 2005 Jun 17.

22. Louvard Y, Lefèvre T, Cherukupalli R et al. Favorable Effect of the
“Jailed Wire” Technique When Stenting Bifurcation Lesions. Am J Cardiol
2003; 6 (Abstr. Supp.).

23. Louvard Y, Sashikand G, Lefèvre T, Garot P, Darremont O, Brunel P.
Angiographic predictors of side branch occlusion during the treatment of
bifurcation lesions. Cath Cardiovasc Int. 2005 (Abstr. Supp.)

24. 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 fractional flow reserve. J Am Coll Cardiol
2005;46(4):633-7.

25. Lefevre T, Ormiston J, Guagliumi G, Schultheiss HP, Quilliet L,
Reimers B, Brunel P, Wijns W, Buettner HJ, Hartmann F, Veldhof S,
Miquel K, Su X, van der Giessen WJ. The Frontier stent registry: safety and
feasibility of a novel dedicated stent for the treatment of bifurcation coro-
nary artery lesions. J Am Coll Cardiol 2005;46(4):592-8.

26. Colombo A, Tsuchida K, Lefèvre T et al. Efficacy of Sirolimus-Eluting
Stent in the Treatment of Patients with Bifurcation Lesions in Multivessel
Coronary Artery Disease: A Substudy of the ARTS II Trial. AHA 2005 (abst.
supp. Circulation 2005).

Working Group 10 column

06C1145_EI_149Lefevre.qxd  26/07/06  9:08  Page 153


