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LM Bifurcation: What We Knew - Imaging

MAINCOMPARE Registry

Park SJ et al, Circulation Cardiovasc Interv. 2009;2(3):167-77 

N.R. Holm et al. N Engl J Med 2023;389:1477-87

OCTOBER Trial



COR LOE

Guideline Recommendations on Imaging-Guidance for LM PCI

2024 ESC Guidelines for the Management of Chronic Coronary Syndromes

I A
➢ Intracoronary imaging guidance by IVUS or OCT is 

recommended for performing PCI on anatomically 

complex lesions, in particular left main stem, true 

bifurcations and long lesions.

IIa B
➢ When ICA is indicated, IVUS should be considered to 

evaluate the severity of intermediate stenoses of left 

main stem prior to revascularization.



Guideline Recommendations on Imaging-Guidance for LM PCI

2025 ACC/AHA Guidelines for the Management of Acute Coronary Syndromes



Inclusion Criteria: ‘true’ unprotected bifurcation left main stem coronary artery disease 

(Medina type 1,1,1 or 0,1,1—both main vessel and side vessel >50% narrowed)

J Am Coll Cardiol 2017;70:2605-17 European Heart Journal (2021) 42, 3829–3839

DK-CRUSH V Trial Favored  DK-CRUSH EBC-MAIN Trial Favored One-Stenting 

LM Bifurcation: What I Understand

Two Stenting: 47%
in Provisional Group 

Two Stenting: 22%
in Provisional Group 

Select LM Bifurcation Strategy Wisely



The (Angiographic) DEFINITION Criteria



Single Stent 

Crossover

Two Stent Crush
Severe Disease, 

LCX Os

Normal LCX Os

LCX Ostial Disease (By IVUS) Determines Strategy
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Decision for LM Bifurcation Treatment

LM

Bifurcation

PCI

CABG

Provisional Stenting

Two Stent Technique

LM IPD Metaanalysis by Sabatine MS
Lancet. 2021;398(10318):2247-2257

• SYNTAX

• PRECOMBAT

• NOBLE

• EXCEL

Stent Optimization

Stent Optimization

• One Stenting: 

Revision in EuroIntervention

• Two Stenting: 
Circ Cardiovasc Interv. 
2024;17(1):e013006.

D

• DK-CRUSH

• EBC MAIN

• Unpublished Data From ASAN MAIN

Imaging Based



Provisional Stenting

Two Stent Technique

VS.

Decision for LM Bifurcation Strategy



Unpublished Data From ASAN MAIN Registry

Provisional Stenting

(N=879)

Up-front Two Stenting

(N=479)

ASAN MAIN Registry

Provisional Stenting

(N=278)

Up-front Two Stenting

(N=158)

Pre-procedural LCX IVUS



Minimal lumen area Plaque burden

Distribution of LCx Ostial MLA and PB

Provisioanl Stenting

Upfront Two Stenting3.79mm2

2.27mm2

48.7%

74.2%



Acute Procedural Complications after One Stenting

• Bail-out Stenting (N=0)

• Kissing Balloon (N=19)

• POBA (N=1)

• LCX TIMI flow <3 (N=1) 

• LCX Ostium Diameter Stenosis > 90% (N=12)

• LCX Closure (N=1)

• LCX Dissection (N=0)

• LCX FFR ≤ 0.80 (N=3)

N=19/278

6.8%
MLA 3.7mm2, PB 64%

Unpublished Data From ASAN MAIN Registry

LCx ostial DS, LM bifurcation angle, and LCx lesion length was not associated with the incidence of acute procedural complications

*Multiple events



Functionally Significant LCX Jailing
After Stent Crossover (LCX ostial DS<50%)
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42%

7%

(DS >50%) (FFR<0.80)

%

Kang SJ, Catheterization and Cardiovascular Interventions. 2014;83(4):545-52.

MLA at LCXos of <3.7 mm2

• Sensitivity of 100%

• Specificity of 71%

• PPV of 16%

• NPV of 100%

Plaque burden at LCXos of >56%

• Sensitivity of 100%

• Specificity of 65%

• PPV of 14%

• NPV of 100%



Acute Procedural Complications after One Stenting

2.2%
3.5%

31%
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Log-rank p = 0.011 

Time since procedure (years)
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Major Adverse Cardiac Events 

No. at risk

2stent, under-expanded

1-Stent, High-risk
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6.9%

10.5%

14.4%

21.9%

1stent, lower-risk

2stent, well-expanded
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2-Stent, Well-expanded

1stent, high-risk



Provisional Stenting

Two Stent Technique

VS.

Decision for LM Bifurcation Strategy

MLA <3.7mm2 and PB> 64%

MLA >3.7mm2 or PB< 64%



Which Stent Strategy? Many Techniques

Treatment of Coronary Artery Bifurcation Lesions



How to Optimize LM Stenting ?



LM IVUS MSA Criteria (“5-6-7-8”) 

Kang SJ, et al. Circ Cardiovasc Interv 2011;4:562-9

Asan Medical Center Criteria



LM IVUS MSA Criteria

EXCEL Trial Analysis

A. Maehara TCT 2018

EXCEL Criteria

EuroIntervention. 2020 Jun 25;16(3):210-217

Spain Registry Criteria



• How to Optimize the LM Stent Results?

Two Stenting

Circ Cardiovasc Interv. 2024 Jan;17(1):e013006.



The MSA measurement of Two-stenting

Circ Cardiovasc Interv. 2024 Jan;17(1):e013006.



Distal LM MSA and MACE at 5 Years

Cut-off Value

11.8mm2 P=0.24



LAD Ostial MSA and MACE at 5 Years

Cut-off Value

8.3 mm2 P=0.002



LCX Ostial MSA and MACE at 5 Years

Cut-off Value

5.7 mm2 P=0.005



Incidence of Under-expansion of LM Segments and Outcomes

Circ Cardiovasc Interv. 2024 Jan;17(1):e013006.

Both LAD and LCX Underexpansion

Either LAD and LCX Underexpansion

No LAD and LCX Underexpansion



• How to Optimize the LM Stent Results?

Provisional Stenting

Revision in EuroIntervention



Revision in EuroIntervention

The MSA measurement of One-stenting



Proximal LM MSA and MACE at 5 Years

Cut-off Value

11.4 mm2
P<0.001

Revision in EuroIntervention



Distal LM MSA and MACE at 5 Years

Cut-off Value

8.4 mm2

P=0.005

Revision in EuroIntervention



Proximal LAD MSA and MACE at 5 Years

Cut-off Value

8.1 mm2

P=0.013

Revision in EuroIntervention



Incidence of Under-expansion of LM Segments and Outcomes

2 Segments Underexpansion

1 segment Underexpansion

No Underexpansion

Revision in EuroIntervention



New Imaging Algorithm for LM Bifurcation Treatment

High Risk

• Plaque Burden> 64%

• MLA< 3.7 mm2

Look at the LCX ostium ①

Upfront 

Two-Stenting
Yes

Provisional 

Stenting

②

No

11.4mm2

8.4mm2

8.1mm2

11.8mm2

5.7mm2

8.3mm2

Stent Optimization by MSA

③

• Apologies for many numbers: just benchmark, not absolute number.

• Chasing a target helps standardize procedures and improve outcomes.

• Just watching without action won’t make a difference.
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