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LM vs. Non-LM Bifurcation

Choi et al, Circ Cardiovasc Interv. 2020;13:e008543.

Variables

Left Main Bifurcation (N=935) Non-Left Main Bifurcation (N=1713)

1-Stent (N=682) 2-Stent (N=253) P Value 1-Stent (N=1512) 2-Stent (N=201) P Value

Treatment strategy <0.001 <0.001

1-stent without side branch ballooning 489 (71.7%) 0 (0%) 1196 (79.1%) 0 (0%)

1-stent with side branch ballooning 193 (28.3%) 0 (0%) 316 (20.9%) 0 (0%)

Crush 0 (0%) 142 (56.1%) 0 (0%) 102 (50.7%)

T-stenting or TAP 0 (0%) 60 (23.7%) 0 (0%) 65 (32.3%)

Culottes 0 (0%) 16 (6.3%) 0 (0%) 15 (7.5%)

Kissing or V stenting 0 (0%) 26 (10.3%) 0 (0%) 15 (7.5%)

Others 0 (0%) 9 (3.6%) 0 (0%) 4 (2.0%)

No. of used stent 1.7±0.9 2.6±1.0 <0.001 1.6±0.9 2.3±1.1 <0.001 

Stent type 0.161 0.011

Everolimus-eluting stents 367 (53.8%) 131 (51.8%)

Zotarolimus-eluting stents 164 (24.0%) 69 (27.3%)

Biolimus-eluting stent 132 (19.4%) 40 (15.8%) 317 (21.0%) 25 (12.4%)

Mixed or other stents 19 (2.8%) 13 (5.1%) 81 (5.4%) 9 (4.5%)

IVUS guidance 427 (62.6%) 172 (68.0%) 0.148 389 (25.7%) 75 (37.3%) 0.001

Final kissing ballooning 163 (23.9%) 233 (92.1%) <0.001 228 (15.1%) 165 (82.1%) <0.001

POT(proximal optimization technique) 237 (34.8%) 56 (22.1%) <0.001 394 (26.1%) 52 (25.9%) >0.999

Re-POT 25 (3.7%) 48 (19.0%) <0.001 23 (1.5%) 27 (13.4%) <0.001

NC balloon use 162 (23.8%) 87 (34.4%) 0.001 228 (15.1%) 57 (28.4%) <0.001

Procedural Characteristics



LM vs. Non-LM Bifurcation

Choi et al, Circ Cardiovasc Interv. 2020;13:e008543.

Cumulative Incidence of Adverse Events at 5 Years



LM vs. Non-LM Bifurcation

Choi et al, Circ Cardiovasc Interv. 2020;13:e008543.

Non-Left Main

Log rank p<0.001

Comparison of 5-yr clinical outcomes between 1-stent and 2-stent strategy

LM vs. Non-LM Bifurcation

Choi et al, Circ Cardiovasc Interv. 2020;13:e008543.

Left Main

Non-Left Main

Log rank p=0.002 Log rank p<0.001



Clinical Outcomes Following Coronary Bifurcation PCI Techniques
 - Systemic Review and Network Meta-Analysis (5,711 patients)

Giuseppe Di Gioia et al, JACC Cardiovasc Interv. 2020 Jun 22;13(12):1432-1444.



The CACTUS study
; Crush vs. Provisional side-branch stenting

Colombo A et al, Circulation. 2009 Jan 6;119(1):71-8



BBC study
; Simple(Provisional) vs. Complex(Crush, Culotte)

Hildick-Smith D et al. Circulation 2010;121:1235-43.



DKCRUSH-Ⅱ
; Double kissing crush vs. Provisional stenting

Chen et al, JACC. 2011 Feb 22;57(8):914-20.



DEFINITION II trial
; Provisional vs 2-stent technique

Zhang et al, EHJ. 2020 Jul 14;41(27):2523-2536.



DEFINITION II trial
; Provisional vs 2-stent technique

Zhang et al, EHJ. 2020 Jul 14;41(27):2523-2536.

A) Target Lesion Failure (TLF) B) Cardiac Death



DEFINITION II trial
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C) Target Vessel MI D) Target Lesion Revascularization
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LM bifurcation



DKCRUSH-V
; Double kissing crush vs. Provisional stenting  

in unprotected LM bifurcation lesions

Chen et al, JACC: Cardiovascular Interventions. 2019 Oct 14;12(19):1927-1937.
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C) Target Vessel MI D) Target Lesion Revascularization

Chen et al, JACC: Cardiovascular Interventions. 2019 Oct 14;12(19):1927-1937.

DKCRUSH-V
; Double kissing crush vs. Provisional stenting 

in unprotected LM bifurcation lesions



David Hildick-Smith  et al, Eur Heart J. 2021 Oct 1;42(37):3829-3839.

EBC MAIN
; Provisional stenting vs. systemic 2-stent 

in unprotected LM bifurcation lesions



Provisional Strategy for Left Main Stem Bifurcation Disease
 - A State-of-the-Art Review of Technique and Outcomes

Paradies V, et al, JACC Cardiovasc Interv. 2023;16(7):743-758.
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The 17th expert consensus document of the European Bifurcation 
Club 



Intravascular imaging in 

bifurcation PCI



Impact of intravascular ultrasound guidance on long-term clinical 
outcomes in patients treated with drug-eluting stent for bifurcation lesions: 
data from a Korean multicenter bifurcation registry 

• Periprocedural creatine kinase-MB elevation (>3 times of upper normal limits) was frequently observed in the 
angiography-guided group. 

• The incidence of death or myocardial infarction was significantly lower in the IVUS-guided group compared to 
the angiography-guided group (3.8% vs 7.8%, log rank test P = .03, hazard ratio 0.44, 95% CI 0.12-0.96, Cox 
model P = .04).

Intravascular imaging in bifurcation PCI

Am Heart J. 2011;161:180-7.

Long-term outcomes of intravascular ultrasound-guided stenting in 
coronary bifurcation lesions. 

• Patients receiving DESs, IVUS-guided stenting for treatment of bifurcation lesions significantly reduced the 4-
year mortality compared to conventional angiographically guided stenting. 

• In addition, IVUS guidance reduced the development of very late stent thrombosis in patients receiving DES

Am J Cardiol. 2010;106:612-8.



OCTOBER
; Imaging-guided PCI vs. Angiography-guided PCI

in complex bifurcation lesions

Niels R Holm et al, N Engl J Med. 2023 Oct 19;389(16):1477-1487.

Primary endpoint (A composite of death from a cardiac causes, target-lesion MI, ischemia-driven target-lesion revascularization)



RENOVATE-COMPLEX
; Imaging-guided PCI vs. Angiography-guided PCI

in complex coronary artery

J.M. Lee et al, N Engl J Med. 2023 May 4;388(18):1668-1679.

Primary endpoint (A composite of death from a cardiac causes, target-vessel MI, clinically driven target-vessel revascularization)



Bifurcation technique
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Provisional stenting

Carlos Collet et al, Expert Rev Cardiovasc Ther. 2018 Oct;16(10):725-734.



T stenting and T and protrusion (TAP)

Carlos Collet et al, Expert Rev Cardiovasc Ther. 2018 Oct;16(10):725-734.



Culotte

Carlos Collet et al, Expert Rev Cardiovasc Ther. 2018 Oct;16(10):725-734.



Double kissing Crush

Carlos Collet et al, Expert Rev Cardiovasc Ther. 2018 Oct;16(10):725-734.



Main Branch

Side 

branch

A B C D

Normal or diminutive side branch ostium

Stenting Crossing Side Branch

With Optional Kissing Balloon Inflation



Main branch

Side 

branch

A. Wire both branches and predilate if needed

Stenting Crossing Side Branch

With Optional Kissing Balloon Inflation



Main branch

Side 

branch

B. Stent the MB leaving a wire in  the SB

Stenting Crossing Side Branch

With Optional Kissing Balloon Inflation



Main branch

Side 

branch

C. Rewire the SB passing through the strut of the MB stent,

remove the jailed wire, dilate toward SB, and perform FKB inflation

Stenting Crossing Side Branch

With Optional Kissing Balloon Inflation



D. Final result

Main vessel

Side 

branch

Stenting Crossing Side Branch

With Optional Kissing Balloon Inflation



In cases with significant narrowing of side branch after main branch stenting
A B DC

Jailed SB after 

MB stenting

SB stenting with

minimal protrusion

Final kissing is

necessary

Slightly protruded 

stent strut to MB

Provisional T Stenting 

Advantages Disadvantages

Good SB scaffolding with angles >70° Potential gap at SB ostium 

Protrusion of SB stent into the MB



In cases with significant narrowing of side branch after main branch stenting

A. Jailed SB after MB stenting

Provisional T Stenting 



In cases with significant narrowing of side branch after main branch stenting

B. SB stenting with minimal protrusion

Provisional T Stenting 



In cases with significant narrowing of side branch after main branch stenting

C. Final kissing is necessary

Provisional T Stenting 



In cases with significant narrowing of side branch after main branch stenting

D. Slightly protruded stent strut to MB

Provisional T Stenting 



Re-advancement of 
wire into the side 
branch

Opening of the side 
branch ostium

Final kissing balloon 
inflation

D E F G

“Internal” or “Reverse” Crush
Final kissing balloon dilatation is mandatory



A. Jailed SB after MB stenting

“Internal” or “Reverse” Crush
Final kissing balloon dilatation is mandatory



B. SB stenting with minimal protrusion

“Internal” or “Reverse” Crush
Final kissing balloon dilatation is mandatory



C. Remove SB balloon & wire, 

and inflate MB at high pressure to crush SB stent

“Internal” or “Reverse” Crush
Final kissing balloon dilatation is mandatory



D. Re-advancement of wire into the side branch

“Internal” or “Reverse” Crush
Final kissing balloon dilatation is mandatory



E. Opening of the side branch ostium

“Internal” or “Reverse” Crush
Final kissing balloon dilatation is mandatory



F. Final kissing balloon inflation

“Internal” or “Reverse” Crush
Final kissing balloon dilatation is mandatory



G. Final result

“Internal” or “Reverse” Crush
Final kissing balloon dilatation is mandatory



A B C D

Y (Culotte) Stenting

Advantages Disadvantages

Compatible with 6-Fr guider

Independent of bifurcation angle

Predictable scaffolding

Leaves multiple layers of strut

Potential acute closure of MB



Y (Culotte) Stenting

A. Wire both branches and predilate if needed



Y (Culotte) Stenting

B. Deploy a stent in the more angulated branch (SB)



Y (Culotte) Stenting

C. Rewire unstented branch, dilate the stent to unjail the MB, 

and expand a second stent into the unstented MB 



Y (Culotte) Stenting

D. Final result after final kissing balloon



Main vessel

Side 

branch

A B C D

+ final kissing 

is recommended

Modified T-Stenting 



Main vessel

Side 

branch

A. Wire both branches and predilate if needed

Modified T-Stenting 



Modified T-Stenting 

B. SB stent deployed at nominal pressure



Modified T-Stenting 

C. Remove balloon and wire from SB, 

And deploy the MB stent at high pressure



Modified T-Stenting 

D. Rewire the SB and high-pressure dilatation,

then final kissing inflation is recommended



To prevent potential gap at the ostial side branch, the first stent should cover the 

entire surface of the side branch. 

Restenosis site of T stenting in 

SIRIUS bifurcation
Potential gap 

without enough 

drug diffusion

Limitation of Modified T Stenting 



MB balloon 

4-6 atm

A B C D

MB balloon

12-16 atm

SB stent

draw back

MB balloon 4-6 atm

SB stent 16 atm
SB balloon 

Pull back

18-20 atm

Minimal 

crush

MB stenting

Final kissing 

recommended

E

Minimal 

crush

Modified T-Stenting
For Proper Ostial positioning 



A B C D

Main vessel

Side 

branch

Crush Technique

Advantages Disadvantages

Relatively simple

Low risk of SB occlusion

Good coverage of SB ostium

Difficult FKI

Requires 7 or 8-Fr guider 

Leaves multiple layers of strut



Main vessel

Side 

branch

Crush Technique

A. Advance 2 stents



Crush Technique

B. Deploy the SB stent



Crush Technique

C. Deploy the main stent, 

then rewire SB and perform high-pressure dilatation



Crush Technique

D. Perform final kissing inflation



Crush Technique

D. Final result  



A B C D

SB stenting and/or

MB balloon back-up

Side 

branch

Crush SB stent MB stenting

Mini-Crush with balloon
Performed with 6~7Fr guiding catheter

Advantages Disadvantages

Minimizes multi-layers of struts

Good scaffolding at SB ostium 

Facilitates FKI 

Compatible with 6-Fr guider

Still leaves multiple layers of strut



Mini-Crush with balloon
Performed with 6~7Fr guiding catheter

A. Deploy the SB stent ± MB balloon backup



Mini-Crush with balloon
Performed with 6~7Fr guiding catheter

B. Crush SB stent



Mini-Crush with balloon
Performed with 6~7Fr guiding catheter

C. Deploy stent in MB,

then rewire SB and perform high-pressure dilatation



E. Perform final kissing inflation

Mini-Crush with balloon
Performed with 6~7Fr guiding catheter



F. Final result  

Mini-Crush with balloon
Performed with 6~7Fr guiding catheter



• Bifurcation without stenosis proximal to the bifurcation

• Short LM   

• Less angle

A B C

V Stenting 



V Stenting 

A. Position 2 parallel stents covering both branches

with a slight protrusion into the proximal MB



V Stenting 

B. Deploy 2 stents individually (or simultaneously)



V Stenting 

C. Perform high-pressure sequential single stent postdilation,

Then medium pressure final kissing inflation



A B C

• Large proximal reference 

• Bifurcation with stenosis proximal to the bifurcation 

Simultaneous Kissing Stenting

Advantages Disadvantages

No risk of occlusion for both branches

No need to re-cross any stent 

Technically easy and quick 

Requires 7- or 8-Fr guider

Leaves long metallic carina

Over-dilatation in proximal MB

Diaphragmatic membrane formation 

Difficulty in repeat revascularization



Simultaneous Kissing Stenting

A. Position 2 parallel stents covering both branches

with a long double barrel protrusion into the proximal MB



Simultaneous Kissing Stenting

B. Deploy 2 stents



Simultaneous Kissing Stenting

C. Perform final kissing inflation resulting a new metallic carina
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