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Bifurcation: what Is 1t?

ncidence 15 -20 % of all PCI pts
_ower procedural success rate

Higher incidence of periprocedural adverse
outcome

Higher longterm adverse outcome
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1 stent vs 2 stent strategy?
Indications

Techniques : FKB?
Adjunctive IVUS / OCT / FFR?
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What is our Medina classification ?

- Simple

- Easy to remember

- Research classification

« Incomplete (angle, SB lesion length, Ca++ ...)
- Can be completed by quantification

- Visual / base on quantification

« IVUS Medina, OCT Medina, FFR Medina ...
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* Why an indivdualized approach?

e Variations in Anatomy

» Left main bifurcation disease
* Plaque burden & location of plaque

 Angle between MB and SB

« Dynamic changes in anatomy during treatment

* Plaque shift
* Dissection

= No two bifurcations are identical

= An appropriate strategy from the outset saves time and
mlnlr%ﬁ)zeg compllcatlgx
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Each bifurcation lesion represents

a uniq

Discrepancies in diamete [
between the proximal an
distal references

Procedural complications!

Plaque shift

Dissection or perforation
Cardiac motion

ue challenge

Side-branch patency

Plaque distribution patterns
Lesion composition

Angle between main branch
and side branch

Location of affected vessel /

. Dash D. Heart Asia 2014;6:18-25; 2. Lassen FJ et al. Eurolntervention 2016;12:38-46;

Naksman R, Bon oM. JA ardlova N 008 66—3
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Curr Cardiol Rep (2015)

Respect bifurcation angulation!!

Culotte

Fig. 1 Differences of scaffolding in SB ostium according to the 2-

stenting technique. This figure demonstrated the differences of overlap-
ping layer of struts proximal to side branch ostium and scaffolding of'side
branch ostium by the struts among the 4 different 2-stenting technigues
(crush, culotte, T-stenting, and T and protrusion techniques). The crush
and culotte stenting showed overlapping of stent struts in proximal main
vessel stents, and T-stenting showed a gap in stent scaffolding between
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main vessel stent and side branch stent. T and protrusion (TAP) showed
better scaffolding in side branch ostium with minimal amount of overlap-
ping stent struts. ( With permission from Foin N, Alegria-Barrero E, Torii
R et al. Crush, culotte, T and protrusion: which 2-stent technique for
treatment of true bifurcation lesions? Insights from in vitro experiments
and micro-computed tomography. Circ J 2013;77:73-80) [24]
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Randomized Bifurcation Trials

Patients (N)

Randomization

Primary End Point

Outcome (Provisional vs
Systematic Unless
Otherwise Specified)

NORDIC Provisional vs Death, Ml (nonprocedural), 2.9% vs 3.4% (P=NS)
413 systematic (crush, TVR, or stent thrombosis at
culotte, T) 6 mo
CACTUS 350 Provisional vs Death, MI, TVR at 6 mo 15% vs 15.8% (P=NS)
systematic (crush)
BBC ONE Provisional vs Death, MI, TVF at 9 mo 8.0% vs 15.2% (P<0.05)
500 systematic (crush,
culotte)
Ference et al. Provisional vs Death, MI, TVF at 9 23.0% vs 27.7% (P=NS)
systematic (T) moAngiographic restenosis
202 (side branch) 9 mo
Colombo et al. Provisional vs Angiographic restenosis 18.7% vs 28.0% (P=NS)
85 systematic (crush, T, (either branch) 6 mo
culotte)
Pan et al. o1 Provisional vs Angiographic restenosis 7% vs 25% (P=NS)
systematic (T) (either branch) 6 mo
NORDIC 2 Systematic (crush vs Death, MI (nonprocedural), Crush 4.3% vs culotte
424 culotte) TVR, or stent thrombosis at  3.7% (P=NS)

6 mo
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Provisional Single-Stenting Is Better

Study Year DDs SDs DDS better SDS better RR [random) 95% Cl Study Year DDs sSDs DDS bether S05 better Weight* RR {random) 95% CI

RANDOMIZED, CONTROLLED TRIALS RANDOMIZED, CONTROLLED TRIALS
NORDIC 2008 1196 M99 0.50{0.04-5.55) NORDIC 2008 3W{%E 200199 1.57 (1.19=3.26)
Ferencetal 2008 2H01 1M 2.00(0.18=21.71) Feranc o al 2008 211 11 2.000(0.18-21.71)
CACTUS 2000 3MTT 273 9 1.46{0.24-8.65) CACTUS 2009 ST 15M73 . 1.28 (0.65-2.35}
BEC-ONE 2010 5248 11248 4.97 {0.58—42.31) BEC-0ONE 2010 2249 9r248 .09 (1.49-5.43)
DK-CRUSH-I 2011 4185 1185 400 {0.45-35 44) DE-CRUSH-II 2011 &/185 41185 1.50(043-522)
META-ANALYSIS 15908  7/908 2.01(0.77-5.23) META-ANALYSIS 94/308 49906 1.86(1.35-2.62)
Cochrana (- 2.46 (p 0.851) F: 0% Cocheanae : 3 58 (p- 0.453) I 0%
NONRANDOMIZED, OBSERVATIONAL STUDIES NONRANDOMIZED, OBSERVATIONMAL STUDNES
Ge et al. 2007 57 17 14.24 (0.74-271.13) Ga at al. 2007 13/57 51T 5.33(1.99-14.24)
CiMancetal 2007  4M09 038 319{0.17-57.92) DiMario etal 2007 70108 2738 1.22 (0.26-5.62)
ARTS I 2007 11 40263 1.07 {0.12-8.47) ARTS I 2007 WE1 187283 0.80 (0.24-268)
COBIS 2010 20282 9136 1.04 {0.22-4.82) CORIS 010 B9 1SMITE 1.57 (0.57—4.28)
JCYPHER 2011 3263 101870 213(0.58-7.70) JCYPHER 2011 &283  39/1870 1.08 (0.46-2 65)
J-PME a1 4Ry el 14.21(2.60-74.82) J-PMS 201 5E7 653 5.82 (1.90-18.44)
Assalietal 2011 2141 30260 1.23{021-7.27) Aesalistal 2011 Ti41 100260 1.20(0.50-3.32)
META-ANALYSIS 190960 274187 2.55(1.13-5.78) META-AMALYSIS 43960 934187 < 1.85 (1.03-3.32)
Cochrana Q- 8.06 (p 0.234) . 25.57% Cochrane Q: 12,79 (p: 0.041) 1 53 11%

META-ANALYSIS 341868 3505033 100% 2.31(1.33-4.03) T i remr— P 100% 1,86 (1.34-2.60}
Cochrana - 10,65 (p: 04T F: 0% Cocheane O- 16,34 (p- 0,129) | 32,.69%

0 110 100 1000 -
001 @1 1 10 100 1000
RR [LOG SCALE) RR [LOG SCALE)

Single-stent

Zimarino et al. J Am Coll Cardiol Intv 2013:6:687—95 GRCI France 2018



2 Stent Techniques Are Also Good !

Soudy B Studly
D OR {85% Cl) % Weight 2] OR (85% Cl) % Weight
Pan ot al (2004) Y 048(0.04,522) 497 BBC ONE (2010) 0.81(0.39, 1.69) 19.64
CACTUS (2009) —_— 0.86 (0.37,1.87) 18.80 CACTUS (2003) _ 095 (0.43, 208) 1854
Colombo et o (2004) i 0.38 (0.04,3.29) 6.07 Colombo et al (2004) 1.26 (0.30, 5.38) 033
Lin et & (2010) — . 574(1.78, 18.49) 1384
! Lin et al (2010) 526 (1.63,17.03) 12.31
DKCRUSH-II (2011) S S— 3.30 (1.4, 7.55) 18,88 '
| DKCRUSH-I| {2011) ——— 246(1.21,503) 18.98
BBK {2008) —— 1.25(0.48 3.18) 17.28
' Nordic (2008) 1.00 (0.25, 4.03) 980
Nordic (2008) . 2.01 (0.36, 11.10) 861
! Nordic-Baltc IV (2013) 282(0.74,10.76) 10.39
Nordc-Baltic 1V (2013) k 245(063.961) 11.59
r Overal (l-squared=48.0%, p=0073) 1.59 (0,64, 289) 100.00
Overall (l-aquared=458%, p=0074) 1.72(0.95 3.12) 100.00
NOTE: Weights are from random effects analysis NOTE: Weights are from random effects analysis
T T = T T T T
00399 1 28 0.0587 1 17
Favours simple strategy Favours complex strategy Favours simple strategy Favours complex strategy
c Swdy D Study
D % Weight iD OR (95% C1) % Weight
Pan et al (2004) 1411 Pan ot al (2004) 0.28 (0.05, 1.49) 9.21
CACTUS (2009) — = 1.48 (0.55. 4.00) 2290 CACTUS (2009) R 1.13(0.59, 2.18) 17.00
i Colombo et al (2004) 0.60 (0.15, 2.37) 1110
Colomba et al (2004) . 0.83 (0.08, 8.50) 572 rRoses ' '
' Lin et ol (2010) —_ 312(122,796) 1463
DKCRUSH-I (2011) —_— 3.04(123,747) 2098 '
‘ DKCRUSH.II (2011) —_— 633 (2,68, 13.50) 18.13
BEK (2008) B 244 (061,8.72) 9.81 !
BBK (2008) —_— 072(0.29,181)  14.81
Norde (2008) _— 0.90 (0.32, 254) 26.48 ‘
[ Nordic (2008) B 1.82(0.96, 3.44) 17.12
Overal (l-sguared=28.8%, n=0.234) H 1.53 (096, 2.45) 100.00 .
- Overal (--squared=75.8%, p=0.000) <:> 144(0.73,287)  100.00

NOTE: Weights are from random effects analysis

T
00232
Favours simpie stralegy

Single-stent

T T
1 428
Favours complex sirategy

Two-stent

T
00533
Favours simple strategy

Single-stent

T
1 188
Favours complex strategy

Two-stent
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SB diameter and territory

Small SB w diffuse disease Large SB with large territory 2
stents
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Extent of SB disease

Focal ostial SB disease
Provisional

GRCI France 2018

Diffuse SB disease



Bifurcation angle and wiring

-

Difficult to access SB. Access may be even more
challenging or even impossible after MB stenting

GRCI France 2018



Culotte baseline

= There are two distincts culotte technique
1 - classical culotte
2 - part of the provisional strategy

GRCI france 2018



Culotte
Baseline

N

GRCI France 2018



Wiring of both branches

e
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Main branch predilation
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Side branch predilation

GRCI France 2018



Side branch stent
positioning and
eployment

GRCI France 2018



Result after SB stent

deployment
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Main branch rewiring
Main branch primary wire
withdrawal
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Struts dilatation toward MB
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Result after struts dilation
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Main branch stent

ing

position
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Result arter MB stent

deployment
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Side branch rew
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Final result
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= Second scenario : Culotte bail out

GRCI France 2018



Provisional Side-Branch Strategies
Requiring a Bailout Two Stent Strategy

Reverse

e Proximal cross See@ crush

Culotte

Courtesy: T. Lefevre, R. Albiero
GRCI France 2018



Provisional requiring second stent

TAP Reverse crush culotte

i
i

et ik ey [

Complete coverage
of ostium

BUT

More difficult rewiring
Of both branches
Double stent layer
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Coronary bifurcation lesions: is less more?

CIaSS |C Bennett and Dubois. Coronary bifurcation lesions: is less more?
culotte
Angle>70°
Significant .
SB diseasa requiring 2
stents from outset®
Significant SB disease not requiring
2 stents from ouxset‘._
Imposed
Poor result in SB**
CU |Otte No significant SB

—— -
——————————— >

Figurc 1 Proposed contemporary approach to treatment of severe bifurcation lesion (20). *, typically a large SB (>2.5 mm) supplyving a large
territory of myocardium with significant ostial discasc extending over a long segment into the SB; **, typically a smaller SB (<2.5 mm) with
focal involvement of the ostium; ***, presence of important dissection or < TIMI 3 flow in SB. SB, side branch; DES, drug-cluting stent;
MB, main branch; POT, proximal optimization technique; KBPD, kissing balloon post-dilatation.
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The Guidelines

|.:. Provisional side-branch stenting should be the intitial
approach in patients with bifurcation lesions when
the side branch is not large and has only mild or
moderate focal disease at the ostium

- It is reasonable to use elective double stenting in
patients with complex bifurcation morphology
Involving a large side branch where the risk of
side-branch occlusion is high and the likelihood
of successful side branch re access is low

JACC. 2011 Dec 6:58(24):644-122. 2011 ACCF/AHA/SCAI
GRCI France 2018




Is SB suitable for stenting?

SB disease is diffuse &/or not localized to
within 5-10 mm from the ostium?

=c—
|

Elective implantation of two stents (MB
and SB)

GRCI France 2018




Approach Is dictated by the

Side Branch!

==« ==
| |

Elective implantation of two stents (MB
and SB)

GRCI France 2018




Factors Influencing 2-Stent
Approaches

= Size of SB @ to MB

 Important discrepancy: Avoid Culotte
« T-Stenting
* Crush/DK-Crush

= Bifurcation Angle
»>70°: T-stent, or T and Protrusion (TAP)

= <70°: Culotte, Crush, DK Crush
= Operator experience and expertise
= Life-threatening / Shock presentation

GRCI france 2018



Technique

Culotte SB=MV

T-Stenting

DKCrush o
SB <MV <90
(mini-crush) 6 steps (1-2 POT)

Two Stent Strategies-How Do You

Decide?
When to perform? Which technigue

SIZE

daughter branches Angle- Provisional Complexity

wide range suitable 2 rewiring
(<59° prefermed) 5 steps (+1-3 POT)

1 rewiring
3 steps (1-2 POT)

2 rewiring

SB << MV = 90° suitable

nNo rewiring

SB = MV id
wide range 1 step (no POT)

GRCI france 2018



Indications

GRCI france 2018



Two stents required for large SB with
diffuse disease?

EBC consensus:
— Main vessel (MV) stenting with provisional SB freatment, if
needed, 1s recommended as the preferred technique for the
majority of bifurcation lesions.

— Large SBs with significant ostial disease extending further into
the SB are likely to require a two-stent strategy.
— Larger SBs whose access is particularly challenging should be

secured by stent'mg once accessed. Eurointervention 2014:10:545-560.

Lassen J. et at. 12th EBC consensus, Eurointervention ZOJGRCI France 2018



Two stents required for large SB
mrame MO AUIHSE AR IRE s
5] I

TheNordic-|
YOI U o

e After 2 years, two-stent techniques for treatment of true bifurcation lesions with

a large side branch showed no significant difference in MACE rate compared
to provisional side branch stenting

= Inclusions per initiatedsite

EBC TWO: Circ. Interv 2016

* When treating coronary bifurcation lesions with large side branches incorporating

significant length of ostial disease, there IS N0 difference between a provisional

T stent strategy and a systematic two-stent culotte strategy MACE rate
revascularization at 12 months.

GRCI france 2018



Either TAP, culotte or DK crush could
be used as a two stent technique

Nordic-Baltic Bifurcation Study II: 36-1 DK CRUSH vs Cuolotte in UPLM

95%

DK Crush Culotte P Value
i 90% (n=176) (n=174)
Restenosis 6.6% 126% 0037
= 850, e Puwm 16.39 £ 7.45% 2550 £ 7.36% 0.001
’ ) In-stent Late Loss, mm 0204030 0394036 0.001
80% At 1 year, the primary endpoint of MACE (cardiac death, MI, and TVR) was more than halved in the DK crush group, driven mainly
Treatment group by a reduction in TVR. TLR was also decreased in the DK crush group (table 2)
Culotte Table 2. One-year Outcomes
759+ === Crush
T T T T T T T T T T T 1 DKCrush B Culotte 7 P Value
0 120 240 360 480 600 720 840 960 1080 1200 (n=210) (n=209)
Days after PTCA — % % T
Number at risk — |
Culotte 212 209 203 200 196 195 195 193 190 186 184 Cardiac Death 1.0% 1.0% 10
Crush 208 202 196 182 178 175 173 169 165 165 164 r 3% 5% 0377
Chen SL. JAm Coll Cardiol. 2013 Apr 9;61(14):1482-8 Lassen JEEurolntervention. 2014 Sep;10(5):545-60

Kervinen K. JACC Cardiovasc Interv. 2013 Nov;6(11):1160-5  Hildick-Smith D. Eurolntervention 2010;6(1):34-8

Lassen J. et at. 12t EBC consensus, Eurointervention 2017. GRCI France 2018



BBK 2

= TAP VS CULOTTE

GRCI france 2018



Randomized comparison: BBK Il study

1007 ¢5o ! Main branch: P =0.434
R | igmy ! 100":.‘:1:'?':%:;:;::::: """" T 65%
S \uo% L i g Vi e P Tt O
= w . - ' b et
'E : - s iR 165%
t | = 0 80 - 1 '
] | F=0.035 £ | SideBranch: P=0.029
o 60 | 8 |
(o} : E 60 :
I L, I
2 w0 | ¢ |
- 1 .E 40 - 1
3 | § :
E 20 T : . E 204 : .
E . Culotte stenting £ U, ' — Culotte stenting
O ) ' — TAP stenting 3 . = TAPstenting
! ! l ! ! 0 I 1 L I L] 1 1
0 20 40 60 80 100 0 20 0 60 80 100
Diameter stenosis (%) Culotte TAP P Diameter stenosis (%)
stenting stenting
n=150 n=150
Target lesion revascularization n, (%) 9(60)  18{120) 0.06%
TLR only in side branch n, (%) 747 1387 0.6
Target lesian failure n, (%) 10(67) 18(120) 011
Death, any cause n, (%) 00 427 000 H H —
o R Bifurcation Angle (p=0.03)
Nan-cardiac n, (%) 213) 3120 085 57.8%299vs51.5%19.6
Target vessel myocardial 21y 107 056
infarction n, (%)
ARC definitalprobable Stent 107) 0@ 032

thrombosis n, (%)

F t al. Eur Heart J. 2016;37:3399-3405
SIene el SR GRCI France 2018




TAP vs Culotte stenting, JUST an angle issue?

about 90° angle < 70° an_gle

T/TAP-Stent Mini Crush/Culotte

YOU TWO
MY, YOU ARE ARE RIGHT
A CUTE ANGLE! TOGETHER.

o

AS ARE YOU,
B MY FRIEND!

ETOZ =
wod yiewpayids

COMPLIMENTARY ANGLES
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FKB AND TWO STENTS STRATEGY
CULOTTE

GRCI france 2018



How to perform optimal Final
Kissing?
» Optional for provisional, mandatory for complex techniques;
» Short & NC balloons, size according to distal reference;
» Side branch first

» Simultaneous deflation;
» Longer inflation (at least 20-30 seconds);

Single stent: pre FKBI Single stent: post FKBI

s disturbance
SN T S

Low Shear 3 High Shear

High Shear Stress Low Shear * ™ Stress
Stress 1 ey Stress P R

= vn‘l iranve cull



The role of imaging

Intravascular imaging is valuable supplement in
bifurcation treatment and is especially useful in complex
lesions due to limitations of angiography alone;

It Is strongly recommended to have access to
Intravascular imaging modalities (IVUS, OCT, OFDI)
during elective PCI of LM;

IVUS is strongly recommended for LM bifurcation treatment

OCT may be used with the provision that aorto-ostial
assessment is often not possible

Wire positions in stent recrossing can be evaluated by OCT

Lassen J. et at. 12th EBC consensus, Eurointervention ZOJGRCI France 2018
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CONCLUSIONS

* Different 2-stent techniques can be used in the same

scenario
* Culotte offers better (angio) results than TAP stent —
BBK Il study
e Bifurcation angle may be key for the technique
selection

e Suboptimal 2-stent technique can be converted into a
different, successful, technique

" |maging techniques are critical to optimize the result

GRCI france 2018



