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Issues of LM PCI
To Treat or Not to Treat?



QCA DS Poorly Predicts LM FFR
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QCA-FFR Discordance
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Best IVUS Criteria
To identify Functionally Significant LM StenosisTo identify Functionally Significant LM Stenosis

IVUS Criteria To predict Outcomes 

Jasti1
MLD 2.8mm

FFR 0 75 38 month Survival / MACE freeJasti1
MLA 5.9mm2 FFR 0.75 38-month Survival / MACE-free

Fassa2 MLA 7 5mm2 3 yr MACE
MACE-free 88% with medical Tx

Fassa2 MLA 7.5mm2 3-yr MACE
79% with revasculariz

Fassa2 MLA 9 6mm2 3-yr MACE The best cut-off value on ROC Fassa MLA 9.6mm 3-yr MACE based on MACE in deferred lesions

Abizaid3 MLD 3 0mm 1-yr MACE
60% in MLD<2.0mm

Abizaid MLD 3.0mm 1 yr MACE
3% in MLD>3.0mm

The cut-off and its accuracy still remains debatable
1Circulation 2004;110:2831–6, 2 JACC2005;45:204–11,  3JACC 1999;34:707-15



IVUS Predicting LM FFR< 0.80
Pure LM lesion of DS 30-80%
Exclude distal stream disease
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uniformly large vessel, short lesion length, lack of sidebranch

Kang et al. JACC Interv 2011;4:1168-74



Visual-Functional Discordance in LM

QCA-DS 50%IVUS-MLA 4.8mm2
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True Bifurcation Lesions in Majority…

4.8mm2

MLA?

Oviedo et al Circ Cardiovasc Interv 2010;3:105-12Oviedo et al. Circ Cardiovasc Interv 2010;3:105 12 

For LM true bifurcation, FFR measurement is 
necessary to decide to treat or not to treatnecessary to decide to treat or not to treat



Issues of LM PCI
To Treat or Not to Treat?

Isolated LM LM bifurcation

Os/Shaft Stent
Stent Strategy?

Normal LCX os Diseased LCX



Single Stent Cross Over 
is Clearly Better !is Clearly Better !



Stent Strategy for LM Bifurcation

Normal ostial LCX (Medina 1.1.0., 1.0.0…) 
S ll LCX ith 2 5 i di tSingle Small LCX with < 2.5 mm in diameter
Diminutive LCX 
Normal or focal disease in distal LCXNormal or focal disease in distal LCX

Diseased LCX (Medina 1 1 1 1 0 1 )

Two
Diseased LCX (Medina 1.1.1., 1.0.1…) 
Large LCX with ≥ 2.5 mm in diameter
Diseased left dominant coronary systemDiseased left dominant coronary system
Concomitant diffuse disease in distal LCX 

Park SJ, Kim YH. Colombo A, Issam D. Moussa et al. Textbook of Bifurcation Stenting  Because most have proximal LM disease, pre-PCI
LCX-FFR is not reliable to assess LCX ostial disease



Disease Involvement of LCX Ostium
LCX-pullback

Two-stent Crush

LCX-pullback

Single-stent



Plaque Burden of SB Ostium Measured by 
MB-Pullback is Only Moderately Reliable 
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Direct SB pullback is necessary for p y
accurate assessment of LCX ostium

Oviedo et al. Am J Cardiol 2010;105:948-54
LCX pullback



Issues of LM PCI
To Treat or Not to Treat?

LM bifurcationIsolated LM

Os/Shaft Stent
Stent Strategy?

Normal LCX os Diseased LCX

Single

How to Treat
the Jailed SB?the Jailed SB?



Before Cross Over After Cross Over

Mechanism of LCX Compromise
Before Cross-Over

LCX

After Cross-Over

LCX

LAD
LADCarina Shift

After Cross-OverBefore Cross-Over

PlPlaque
Redistribution



(n=23 LM bifurcation lesions)

In a minority, plaque redistribution may be 
superimposed on carina shift to contribute to the 

Kang et al. Circ Cardiovasc Interv 2011;4:355-61

p p
further lumen loss at the ostial LCX



IVUS Cannot Predict LCX FFR 

Plaque shift Carina shift Carina shift

MLA 2.5mm2

FFR 0 81
MLA 3.8 mm2

FFR 0 91FFR 0 85
MLA 4.5 mm2

FFR 0.81FFR 0.91FFR 0.85



Correlation between
IVUS MLA vs  Post stenting FFRIVUS-MLA vs. Post-stenting FFR

LM bifurcation with LCX ostial DS <50% pre-procedure 
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Treatment for Angiographically Jailed SB
SB FFR >0 75 is safe for deferral in non LM diseaseSB FFR >0.75 is safe for deferral in non-LM disease

Jailed SB

SB intervention No SB intervention2 lesions

6 Mo f/u

SB intervention
26 lesions

No SB intervention
65 lesions

No change in SB FFR (0.87±0.06 0.89±0.07)
Functional restenosis (FFR<0.75) in only 8%

Koo et al. Eur Heart J 2008;29:726–32 

Functional restenosis (FFR 0.75) in only 8%



Issues of LM PCI
To Treat or Not to Treat?

LM bifurcationIsolated LM

Os/Shaft Stent
Stent Strategy?

Normal LCX os Diseased LCX

Single Two

How to Treat
the Jailed SB? How to Optimize?the Jailed SB? How to Optimize?



LM Stent Optimization

Between Mar 2003 - May 2009, 450 patients with LM disease 
underwent SES implantation and 9-mo angio surveillance 

403 patients treated with SES implantation for LM
All had post-stenting IVUS and 9-mo angiographyAll had post stenting IVUS and 9 mo angiography

Single-stent (n=289)

Bifurcation with

Two-stent (n=114) 

Bifurcation with
Two-stent (including 99 

crushing, 15 T-stent)
Non-bifurcation 

(n=67)
Bifurcation with 

Single-stent (n=222)

Kang et al. Circ Cardiovasc Interv 2011;4:1168-74



Post-stenting Follow-up5mm

POCPOC

Ostial LCXLCX carina

POCPOCProx LM Ostial LAD

A B C D
LAD carina5mm 5mm

LAD os 5.0mm2 POC 6.3mm2 Prox LM 6.8mm2 LCX os 4.0mm2

Using both pullback, MSA in 4 segments were measured. The MSA predicting 

Kang et al. Am J Cardiol 2011;107:367-73

g p , g p g
9-month angiographic ISR at the corresponding segments were assessed



9-Month Angiographic Restenosis
25.430%

20

25

30%

4.5
6.3

10

15

20

Two
4.5

0

5 Single 
Os/Shaft Bifurcation

4.5% (3/67) 6.3% (14/222) 25.4% (29/114)

LM ostium: 3 (4.5%) LM (above POC): 2 (1.0%) LM (above POC): 5 (4.4%)LM ostium: 3 (4.5%) LM (above POC): 2 (1.0%)
POC: 1 (0.5%)
LAD ostium: 3 (1.4%)
non stented LCX os: 9 (4 1%)

LM (above POC): 5 (4.4%)
POC: 6 (5.3%)
LAD ostium: 8 (7.0%)
LCX ostium: 27 (23 7%)non-stented LCX os: 9 (4.1%) LCX ostium: 27 (23.7%)

Kang et al. Circ Cardiovasc Interv 2011 2011;4:1168-74
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Optimal MSA
l b ion a segmental basis

Proximal LM
8mm2

LCX ostiumPOC

LAD ostium

Kang et al. Circ Cardiovasc Interv 2011 2011;4:1168-74



Frequency of Underexpansion and ISR 
33 8% h d d i f l d

Single-stentTwo-stent

33.8% had underexpansion of at least one stented segment
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at least one of the 4 stented at least one of the 3 stented 
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Frequency of ISR in LM Lesions
with vs without Underexpansion

50 50
Two-stentOverall lesions

with vs. without Underexpansion
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5%0
Underexpansion Complete Expansion

0
Underexpansion Complete Expansion

6%5%

Underexpansion of at least 1 segment
Adequate expansion at all sites
Kang et al. Circ Cardiovasc Interv 2011 2011;4:1168-74



Kaplan-Meier for MACE-free Survival
2-year MACE 4 8% at 23 8±3 2 months (median 24 months)2-year MACE 4.8% at 23.8±3.2 months (median 24 months)

90 2±2 6%

98.1±0.9%

90 9±2 4%

98.5±0.7%

90.2±2.6% 90.9±2.4%

TLR 4.1%, Cardiac death 1%, AMI (VLST) 0.5%

Kang et al Circ Cardiovasc Interv 2011 2011;4:1168 74Kang et al. Circ Cardiovasc Interv 2011 2011;4:1168-74



IVUS-Guidance Saves Lives 
i  LM PCI
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To Treat or Not to Treat? FFR
MLA 4 8mm2

Isolated LM
MLA 4.8mm2

LM bifurcation
St t St t ? IVUS

Os/Shaft Stent
Stent Strategy? IVUS

Normal LCX Diseased LCX

Single Two MSASingle Two

How to Treat

MSA
“5-6-7-8”

How to Treat
Jailed SB?FFR How to Optimize?

IVUS-MLA is useful to assess the stenosis 
it ithi LM t

Direct FFR measurement is recommended to 
determine to treat or not to treat

To determine stent strategy for LM bifurcation, 
LCX osti m sho ld be assessed b LCX IVUS

For the treatment of angiographically jailed SB, 
FFR confirms f nctional compromise

IVUS optimization with the MSA criteria may 
impro e the long term clinical o tcomesseverity within LM segmentdetermine to treat or not to treat LCX ostium should be assessed by LCX-IVUSFFR confirms functional compromiseimprove the long-term clinical outcomes


