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Bifurcations are complex! 
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FFR/IVUS-guided PCI can improve outcomes!  
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FFR and IVUS for bifurcation lesions 

When and How? 



Which is the most useful tool for jailed side 

branch assessment ? 

Jailed diagonal branch after LAD 

stenting 

1.   Angiography 

2.   IVUS 

3.   OCT 

4.   FFR 

Answer) 1. Angiography 
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Lesion severity? 

Evaluation for jailed side branch: 1st step should be…. 

Assess the amount of 

myocardial territory supplied by 

the jailed branch rather than 

the lesion severity! 

Only the branch supplies large 

amount of myocardium 

deserves any further 

assessment and intervention. 
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Integrated use of IVUS and FFR in non-LM bifurcation PCI 

• Pre-intervention 

• After main branch stent implantation 

• After side branch balloon angioplasty 

• After side branch stenting 
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LAD: 
Minimal lumen diameter: 1.8mm 

Lumen area: 2.8mm2 

Vessel area: 9.0mm2 

Plaque burden 69% 

Diagonal branch: 
Minimal lumen diameter: 1.7mm 

Lumen area: 2.7mm2 

Vessel area: 5.0mm2 

Precise anatomical assessment 
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Important anatomical information  

 

• Geometry of bifurcation lesion 

• Amount, character and distribution of plaque 

• Location, length of carina 

• Distance between carina and outer lumen of a side branch 
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Mechanism of side branch stenosis 

Plaque + Positive remodeling Plaque + Negative remodeling 
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Mechanism of side branch stenosis 

Plaque Plaque + Negative remodeling 
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Remodeling index at main branch (MB) 

and side branch (SB) ostium 

Side branch ostium is different! 
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LAD: 
Minimal lumen diameter: 1.8mm 

Lumen area: 2.8mm2 

Vessel area: 9.0mm2 

Diagonal branch: 
Minimal lumen diameter: 1.7mm 

Lumen area: 2.7mm2 

Vessel area: 5.0mm2 

Anatomical information, is it enough? 

Diagonal FFR 

LAD FFR 
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Diagnostic accuracy of IVUS parameters in pure ostial lesions 

Koh JS, Koo BK, et al., JACC interv 2012 Seoul National University Hospital 
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In conclusion, there do not appear to be reliable IVUS predictors of functional SB compromise 

after crossover stenting.  

Kang SJ, et al. Am J Cardiol 2011;107:1787-93 

Prediction of functionally significant jailing using pre-intervention IVUS 
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• Pre-intervention 

• After main branch stent implantation 

• After side branch balloon angioplasty 

• After side branch stenting 

Integrated use of IVUS and FFR in non-LM bifurcation PCI 
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REST 

REST 

Jailed Side Branches  
Angiographic severity ≠ Functional significance 

STRESS 

STRESS 

Severe stenosis, but no perfusion defect! 
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FFR >0.80 



Can anatomical severity predict the functional significance? 

 FFR vs. anatomical stenosis in Jailed side branches 

Bellenger, et al. Heart 2007 

Kumsars I, et al. Eurointervention 2011 
F

ra
ct

io
na

l F
lo

w
 R

es
er

ve
 

% diameter stenosis Ahn JM, et al. JACC interv 2012 

Ha J, et al JACC Imag 2013 
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Koo BK, et al. J Am Coll Cardiol 2005;46:633 

Park SH & Koo BK J Geriatr Cardiol 2012;9:278  

Lee JM, et al. Eurointervention 2015;11:V59 



 Carina shift  accentuates lumen eccentricity and results in 

more angiographic diameter loss than lumen area loss. 
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Koo BK. EBC 2008 Koo BK, et al. Circ Cardiovasc Interv 2010;3:113 
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‘Carina’ shift: Lumen area loss << Angiographic diameter loss 

Why discrepancy between angiographic lesion severity and jailed SB FFR? 

 Mechanism of SB jail 

: Plaque shift from proximal MB + Carina shift 
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Kang SJ, et al. Circ Cardiovasc Interv 2011;4:355-61 

Kang SJ, et al. Cath Cardiovasc Interv 2013;82:1075-82 

‘Carina’ shift: Lumen area loss << Angiographic diameter loss 

Why discrepancy between angiographic lesion severity and jailed SB FFR?  

Carina Shift Carina Shift + Plaque Shift 

Xiu J and Choi S-Y, et al. Cath Cardiovasc Interv 2013;81:1142-49 

Xu J, et al. Circ Cardiovasc Interv 2012;5:657-62 
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IVUS for Mechanism of SB jailing 

Pre-intervention After stenting 

Stent strut Shifted carina 

Shifted plaque 

Koo BK,TCT 2008 
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Practical aspect of “Carina shift” 

In case of pure carina shift, functionally significant jailing is infrequent . 

IVUS assessment can be helpful in selection of treatment strategy. 
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• Target: SB plaque 

 Large balloon, high pressure  

 More injury, more dissection  

 Higher chance of SB stenting 

 More late loss 
 

• Target: Shifted carina 

 Relatively small balloon, low pressure  

 Less injury, less dissection 

 Less chance of SB stenting 

 Less late loss 

IVUS for selection of a treatment target 
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• Pre-intervention 

• After main branch stent implantation 

• After side branch balloon angioplasty 

• After side branch stenting 

Integrated use of IVUS and FFR in non-LM bifurcation PCI 
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Assessment of procedural results: IVUS 

Before Kissing balloon inflation After Kissing balloon inflation 
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Before PCI After MB stenting After kissing balloon 
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Assessment of procedural results: FFR 



Changes of side branch FFR after “gentle” kissing balloon 
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0.65±0.08 

0.85±0.06 
0.83±0.11 

P<0.001 

(Side branch balloon/artery ratio: 0.9±0.1) 

P=0.57 
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Functional outcome of Jailed side branches 

Kumsars I, et al. Eurointervention 2011 

Nordic Baltic Bifurcation III 

: SB FFR substudy 

Koo BK, et al Eur Heart J 2009 

SNUH SB FFR registry 

Final kissing group 

No kissing group 

No kissing 

Final kissing 
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Angiographically excellent, but….. 

Courtesy of Dr. Murasato 

Assessment of procedural results after 2 stenting 
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Lee BK, et al. Clinical Cardiol 2010 

SB FFR after Crush stenting 

FFR and IVUS after 2 stenting 

0.94±0.04 

0.5

0.6

0.7

0.8

0.9

1 0.97±0.03 

Before Kissing balloon After Kissing balloon 

• After 2 stenting, high FFR does not guarantee the procedural success. Therefore, IVUS is 

recommended more than FFR in case of 2 stenting. 
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• Use of IVUS and/or FFR is feasible and helpful at each step of bifurcation PCI. 
 

• However, adequate knowledge on coronary anatomy/physiology and pitfalls of IVUS/FFR is 

essential to properly use IVUS/FFR at each step of bifurcation PCI. 

FFR IVUS 

Pre-intervention 

   Main branch ischemia +++ + 

   Side branch ischemia ++ + 

   Planning the procedure + +++ 

After main branch stenting 

   Mechanism of side branch jailing - +++ 

   Jailed side branch ischemia +++ + 

After side branch intervention 

    Residual ischemia +++ + 

    Procedural success after 2 stenting + +++ 
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IVUS and FFR in non-LM bifurcation PCI 


