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EBC glossary



How to define a bifurcation lesion ?

• A coronary artery narrowing occuring adjacent to, 

and/or involving, the origin of a significant side 

branch

• A significant SB is a branch that you don't want to 

loose in the global context of a particular patient

Y. Louvard Catheter Cardiovasc Interv. 2008 Feb 1;71:175-83
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Bifurcation angles
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Use of a provisional SB stenting strategy is one 

of the fundamental philosophies of the EBC 



Long-term risk of clinical events from stenting SB of coronary

bifurcation lesions with DES / BMS: meta-analysis

Zamani, Catheter Cardiovasc Interv. 2011 Feb 1;77(2):202-12

6825 subjects 

from 42 studies



• 2,897 patients from COBIS II, 265 patients from EXCELLENT 

registry and RESOLUTE-Korea registry

Korean Bifurcation Pooled Cohorts

Impact of 2nd generation DES

Lee JM, Kim HS, JACC CVI 2015

2-stent

1-stent

2-stent

1-stent

In this era of 2nd generation DES, 2-stent technique is safe.



Late Thrombosis After 2 Versus 1 DES in the Treatment of Coronary 

Bifurcations. Meta-analysis of Randomized and Observational Studies

Zimarino J Am Coll Cardiol Intv 2013



Late Thrombosis After 2 Versus 1 DES in the Treatment of Coronary 

Bifurcations. Meta-analysis of Randomized and Observational Studies

Zimarino J Am Coll Cardiol Intv 2013



Nordic and BBC1 study long-term outcome (death)

from Miles Behan from Terje Steigen EBC 2017

Nordic I  10-year total death

p = 0.040

7.0%

3.8%

p= 0.011



SL Chen J. Am. Coll. Cardiol. 2011;57;914-920

Clinical outcome (2)

Randomized study comparing Double Kissing Crush with Provisional 

Stenting for treatment of coronary bifurcation lesions: DK-CRUSH-II

Follow-up coronary angiography at 8 months



12.9%

8.3%

p=0.12

MACE: cardiac death, non-procedural myocardial infarction, target lesion revascularization and definite stent thrombosis

Nordic-Baltic Bifurcation Study IV

Two-year MACE

Provisional

Two-stent5%

20%

15%

10%

25%

niels.holm@clin.au.dk



The EBC TWO study: randomized comparison of Provisional T-Stenting 

vs a systematic 2 stent Culotte strategy in large caliber true bifurcations

Hildick-Smith, Circ Cardiovasc Interv. 2016;9:e003643

All-cause death, MI, and TVR



Assessing the importance of the SB



• In terms of ischemia at risk, revascularization is better than medical treatment when moderate to 

severe ischemia exists. Therefore, it is important to define the side branches that can cause ≥10% 

ischemia

Which side branch deserves stent implantation?

Hachamovitch, Circulation 2003



2014 ESC/EACTS Guidelines onmyocardial revascularization

European Heart Journal August 29, 2014



Comparative definitions for moderate-severe ischemia in stress nuclear, 

echocardiography, and magnetic resonance imaging

Shaw, JACC Cardiovasc Imaging. 2014 June ; 7(6): 593–604

Definitions of Moderate-Severe Ischemia

Comparable multimodality estimates of moderate-severe ischemia 

using risk-based thresholds of CAD death or MI rates of 4% to 6%/year



Relation of angiographic SB calibre to myocardial mass: 

a proof of concept myocardial infarct index

A schematic of the relation between SB lumen CSA and perfused myocardial mass

GS. Kassab, D. Bhatt, T. Lefevre, Y. Louvard, EI 2011;8:1461-1463

Myocardial Mass At Risk (MMAR) 

or Fractional Myocardial Mass (FMM)
Myocardial ischemia



D1

D2

D3

Structure-function scaling laws of vascular trees

Adapted from G. Kassab

Finet’s formula

D1= (D2+D3) X 0,678

Murray’s law

D1

3*
= D2

3*
+ D3

3*

* 2.3 (Huo-Kassab)

http://www.bifurc.net/tool/popupNavig.php?PHPSESSID=2ad3d0e3fe955f97839b75b152153ce5&bas=.ICPStool01&id=223&adm=DIAPORAMA&mit=4bd56da84f25e&stp=9&affvign=1
http://www.bifurc.net/tool/popupNavig.php?PHPSESSID=2ad3d0e3fe955f97839b75b152153ce5&bas=.ICPStool01&id=223&adm=DIAPORAMA&mit=4bd56e7fee12c&stp=8&affvign=1


Identification of Coronary Artery Side Branch Supplying 

Myocardial Mass That May Benefit From Revascularization

HY Kim, J Am Coll Cardiol Intv 2017;10:571–81

Multivariate Generalized Estimating Equations Modeling for Prediction of %FMM >10%

Multivariate generalized estimating equations modeling was performed using optimal cutoffs of each 

parameters predicting FMM >10%. The respective c-statistics of left main bifurcation, reference vessel 

diameter >2.68 mm, left ventricular mass >104.8 g, and FFR <0.80 were 0.820, 0.734, 0.609, and 0.526 (p < 

0.05, all)



Sumitsuji, Cardiovasc Interv and Ther 2015

Myocardial segmentation techniques with CT scan

Fractional Myocardial Mass 

(FFM)

• Myocardial mass supplied by 

a specific vessel

• Calculated from vessel

length in CT

• FMM was computed using

stem and crown model based

on allometric system 

HY Kim, JACC Cardiovasc Interv 2017



Identification of coronary artery SB supplying myocardial mass that 

may benefit from revascularization

HY Kim, JACC Cardiovasc Interv 2017

Frequency of side branch supplying %FMM ≥10%

Only 1 out of every 5 non-LM SB supplies %FMM ≥10%



*If total score is 0, then -1 is not added (The lowest total score is 0

Variables Description Score

Size Vessel diameter ≥ 2.5mm 1

Number

Number of diagonal branches = 1 2

Number of diagonal branches = 2 1

Number of diagonal branches ≥ 3 0

Ubiety Left dominant or Apical area reaching OM branch -1*

Highest No branch below the target branch in proximal to mid LAD 1

Modified SNUH score (Diagonal branches)

Seoul National University Hospital

Cardiovascular Center

Courtesy of BK Koo



SB related FMM

> 10%

Major bifurcation

SB stenosis treatment

< 10%

Minor bifurcation

SB protection (bail out)

Do we have a new coronary bifurcation stenosis definition ?



Provisional stenting strategy step by step 



Predictors and Outcomes of SB Occlusion After Main Vessel Stenting in 

Coronary Bifurcation Lesions Results From the COBIS II Registry

Hahn, J Am Coll Cardiol 2013;62:1654–9

Lesion and Procedural Characteristics

SB occlusion

wo JW = 7%

w   JW = 9%

Patients with recovery of the occluded SB had jailed wire in the SB more frequently 

than those without recovery of the occluded SB (74.8% vs. 57.8%, p < 0.02)



Assessment of side branch predilation before a provisional T-stent 

strategy for bifurcation lesions. A randomized trial

Pan, Am Heart J. 2014 Sep;168(3):374-80.



1a 2a 3a 4a 5a

1b 2b 3b 4b 5b

2c 3c 4c

5c

LAD

Cx
LM LAD

Cx

LM

LAD

Cx

LM

LAD

Cx

LM

LAD

Cx
LM

Peter mortier, Jolanda Wentzel, Gabriele Dubini, Yves Louvard

EBC 2012: stimulation era

Provisional stenting strategy

John Doe



Stent diameter

D1

D2
D3

Optimal

Provisional SB

Stenting

*

*

*

POT



Independant predictors of SB occlusion

Hahn, J Am Coll Cardiol 2013;62:1654–9)



IVUS findings of Carina shift vs. Plaque shift 

* :  A 0.014 inch coronary wire 

Before MB stent

After MB stent

Angiogram Cross-sectional IVUS Longitudinal IVUS

*

FFR : 0.87

carina shift 

Both plaque shift and carina shift ➔ Aggravation of SB luminal narrowing after MB stent implantation



COBIS II POT Study: Clinical outcomes

• Patients with SB diameter  2.5 mm in core-lab QCA (N=1,191)

• Propensity score-matching population

POT

(n=204)

No POT

(n=665) HR (95% CI) p value

MACE 6 (2.9) 78 (11.7) 0.25 (0.11-0.60) 0.002

All-cause death 7 (3.4) 25 (3.8) 0.97 (0.41-2.33) 0.95

Cardiac death 1 (0.5) 9 (1.4) 0.37 (0.05-2.97) 0.35

Myocardial infarction 0 12 (1.8) - -

Stent thrombosis 2 (1.0) 8 (1.2) 0.98 (0.20-4.77) 0.98

TLR 5 (2.5) 61 (9.2) 0.27 (0.10-0.69) 0.006

MV, proximal 3 (1.5) 40 (6.0) 0.25 (0.07-0.82) 0.02

MV, distal 4 (2.0) 47 (7.1) 0.28 (0.10-0.80) 0.02

SB 4 (2.0) 35 (5.3) 0.37 (0.13-1.09) 0.07

Both vessels 5 (2.5) 48 (7.2) 0.34 (0.13-0.88) 0.03

Preliminary analysis:, HC. Gwon at EBC 2016



Proximal vs distal recrossing toward side branch



• Treated with 1-stent techniques: N=1,901

• Final kissing ballooning (FKB): N=620

• Propensity score-matched analysis: N=545 pairs

COBIS II

FKB during 1-stent techniques

Yu CW, Yang JH, Gwon HC, JACC CVI 2015

Clinical data
Adjusted HR

(95% CI)

p 

Value

MACE 0.50 (0.30-0.85) 0.01

Cardiac death 0.50 (0.11-2.29) 0.37

MI 0.18 (0.01-20.4) 0.48

Stent thrombosis, 

definite or probable
0.77 (0.17-3.45) 0.73

TLR 0.51 (0.28-0.91) 0.02

Main vessel 0.51 (0.28-0.93) 0.03

Side branch 0.57 (0.24-1.37) 0.21

QCA data 

(mm)
FKB

Non-

FKB

p 

Value

Main vessel

Proximal MLD 3.27 3.04 <0.001

Middle MLD 2.86 2.72 <0.001

Distal MLD 2.83 2.73 0.04

Side branch

Ostial MLD 1.85 1.36 <0.001

Distal MLD 2.15 1.99 0.04

When you stent a bifurcation lesion with a large SB, FKB will achieve 

a better MV stent expansion, which will reduce the risk of TLR.



Significant Post Stenting SB Stenosis: QCA vs FFR 

(jailed side branch lesions, n=94)

Bon-Kwon Koo et al JACC 2005; 46: 633-7

100908070605040

1.0

.9

.8

.7

.6

.5

Functionally 

significant 

stenosis

r = - 0.464

p < 0.001

Percent Stenosis (%)

F
ra

c
ti

o
n

a
l 
F

lo
w

 R
e
s
e
rv

e



POT-Side-POT is better in the bench test

Finet G, JACC CVI 2015

POT-Side-POT as an alternative to FKBI?



The Nordic-Baltic PCI Study Group Nordic-Baltic Bifurcation Study III

p=0.02

0.8%

4.3%



SB stenting

Burzotta Louvard 2019



T or TAP stenting ?

T TAP



EBC recommendations on elective use of two stent 

techniques in bifurcations. 



Nordic bifurcation II

79.4%

83.3%

P=0.32

Kervinen et al. JACC Cardiovasc Interv 11: 1160-5, 2013

MACE-free survival at 36-month F-U



Clinical follow-up (at 12-month)

DK crush 

(n=210)

Culotte

(n=209)
p

Composite MACE, n(%)
Cardiac death
MI
TLR
TVR
For non-left main
For left main
CABG

Stent thrombosis, n(%)
Definite
Probable
Possible

13(6.2)
2(1.0)
7(3.3)
5(2.4)
9(4.3)

0
9(4.3)
2(1.0)

1(0.5)
0
0

1(0.5)

34(16.3)
2(1.0)

11(5.3)
14(6.7)

23(11.0)
4(1.9)

20(9.6)
0

2(1.0)
2(1.0)

0
0

0.001
1.000
0.377
0.037
0.016
0.061
0.036
0.499

0.623
0.248

NS
1.000

SL. Chen, J Am Coll Cardiol. 2013 Apr 9;61(14):1482-8



Event Rate (%)

0

P = 0.56P = 0.70

2.0
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P = 0.32

0.7 0

P = 0.11

12.0

6.7
Culotte

TAP

Clinical outcome at 1 year

M. Ferenc, Eur Heart J, 2016 Dec 1;37(45):3399-3405



Randomized Comparison of the Crush Versus the Culotte

Stenting for Coronary Artery Bifurcation Lesions

Zheng Chin Med J 2016;129:505-10

Major adverse cardiac event-free survival rate at 12 months

Original Colombo 

crush

Original Chevalier 

culotte (main first)



Intracoronary imaging 





The Left Main





COBIS II

1-stent vs. 2-stent in left main bifurcation

Song YB, Gwon HC, JACC CVI 2014

Cardiac death or MI Target Lesion Revascularization

PS-matched population

The conservative provisional approach is still the 

standard strategy to treat left main bifurcation.



In the present multicenter 

randomized trial, a planned DK 

crush 2-stent strategy reduced 

TLF at 1-year compared with a 

PS strategy in patients with true 

distal LM bifurcation lesions

DK Crush V conclusion

Chen SL, J Am Coll Cardiol 2017;70:2605–17

ESC-EACTS 2018 

recommendations

ESC/EACTS guidelines European 

Heart Journal (2019) 40, 87–165



DKCrush vs Provisional stenting for LM distal bifurcation lesions

(1,1,1-0,1,1):  DKCRUSH-V randomized trial

Chen, J Am Coll Cardiol 2017;70:2605–17

Angiographic FU in 65.3% and 66.3% at 367+49 days and 371 + 52 days, in PS and DK-Crush respectively



Treatment in DK Crush V 

Chen, J Am Coll Cardiol 2017;70:2605–17



Death, MI, Stroke or IDR Through 3 Years

Log-Rank p-value = 0.07

Provisional 1 stent vs planned 2 stents

HR: 0.72 [95% CI: 0.51, 1.03]

1 stent 344
Number at risk:

317 301 285 277 268 243
2 stents 185 159 151 139 135 126 116

22.2%

29.1%
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Impact of operator experience and volume on outcomes after LMCA PCI

Bo Xu, J Am Coll Cardiol Intv 2016;9:2086–93

Outcomes at 30 Days

At least 15 LM PCIs per 

year for at least 3 

consecutive years


