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Bifurcation PCI 

Fusion Tools for Bifurcation PCI; FFR, IVUS, or OCT - 

When and How? 
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PCI for bifurcation lesions 

• Bifurcation lesion PCI might be 15-20% of all PCI 

cases in daily clinical practice, and complex 

procedure might be required sometimes. 

 

 

• Higher risk for complications such as side branch 

occlusion, stent thrombosis, restenosis, etc. has 

been reported more frequently in bifurcation 

lesion PCI. 

Lefe` vre T et al. Catheter Cardiovasc Interv 2000; 49:274–283. 

Iakovou I et al. J Am Coll Cardiol 2005; 46:1446–1455. 

Iakovou I et al. Jama 2005; 293 : 2126-2130. 

Colombo A et al. Circulation 2004; 109 : 1244-1249. 
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Mechanism of side branch occlusion after stenting 

Although plaque shift, carina shift, side branch dissection, 
spasm, thrombus formation, etc. have been proposed as the 
cause of side branch occlusion, plaque shift and carina shift 
are thought to be main mechanisms of side branch occlusion . 

プラーク 

プラークシフト カリーナ 
カリーナシフト 

Plaque shift Carina shift 
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Prediction of side branch occlusion by OCT 

Side branch occlusion might be occurred less frequently in cases 
with carina tip (CT) angle≧50 degree and branch point to carina 
tip(BP-CT) length≧1.7mm 

CT angle BP-CT length 

Watanabe M et al. Coron Artery Dis 2014; 25: 321-329 
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New Development in OCT 

Re-crossing wire position in the jailed side branch can be easily 

identified by newly developed OCT software and improvement of side 

branch KBT procedure could be expected by the guidance of new OCT. 
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Case 85y.o., Male  

Clinical Diagnosis 

 Effort AP 

 

History 

 2012:  CABG（SVG-LAD, SVG-DG） for unstable AP 

 2014:  Graft (SVG to LAD) stenosis by MDCT. 

 2016:  Effort AP for 2-5 min during exercise 
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Coronary Angiography 
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OCT before bifurcation stenting 

CT angle ＝ 64° 

BP-CT length = 1.6mm 
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Bifurcation stenting 

Xience Alpine  3.5×23mm 
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OCT after bifurcation stenting 
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3D- OCT after re-wiring to the LCx  
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KBT 
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OCT after KBT 
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3D-OCT after KBT 
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Final Angio 
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Post-stent, LCX rewiring 1st, Cut-away view 

Link GW 
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Post-stent, LCX rewiring 1st, Carpet view 

Link 

GW 
GW 
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Link 
GW 

GW 
Post-stent, LCX rewiring 2nd, Carpet view 
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Japanese registry for 3-D OCT guided 

LM bifurcation stenting 

Study population 

Primary endpoint 

Frequency of re-wiring by 3-D OCT guidance: 

   re-wiring should be required again more than 30 % cases. 

More than 300 LM bifurcation lesions 

Secondary endpoint 

Incidence of ISA: 

MACE: 
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Pre-dilatation 

(Semi-compliant Balloon)  
2.5x15mm,12atm 

Control CAG 
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Post 2.5mm  balloon 

Distal reference Prox. ref. (LMCA os) MLA site (LAD) 

Mean lumen diameter= 3.10 mm 

Mean vessel diameter = 5.18 mm 

Plaque burden = 64 % 

MLD = 3.82 mm 

Mean VD = 4.35 mm 

Plaque burden = 23 % 

MLA = 2.50 mm2 

Mean VD =4.13 mm 

LCX 

MLA= 3.24 mm2 

Mean VD =4.61 mm 

MLA site (LMCA) 

12mm 

Distal reference Prox. reference MLA site(LMCA) 

Proximal Distal 

LCX 

MLA site(LAD) IVUS assessment 
 ・ Reference site 

     LA/VA, Mean LD/VD 

 ・ MLA site 

     MLA/MLD 
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IVUS marking of LMCA ostium 

IVUS marking should be important to decide the stent 

delivery position. 
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Stent positioning  

(EES 3.5 x 12mm) 

Stent delivery  

(EES 3.5 x 12mm, 14atm) 
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IVUS after stent implantation 
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KBT 

(Semi-compliant balloon) 

 3.5mm & 2.5 mm, 8atm 

IVUS after KBT 
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Post KBT 

Distal edge Prox. edge MSA site (LMCA) Bifurcation site 

LCX 

Stent area = 10.26 mm2 

Symmetricity index= 0.82 

Edge dissection (-) 

Stent area = 11.83 mm2 

Symmetricity index=0.84 

Edge dissect./Malappo. (-) 

Stent area = 9.33 mm2 

Symmetricity index =0.91 

LCX 

＊:Only 1 strut out of LMCA 

＊ 

Proximal Distal 

Distal reference Prox. edge MSA site Bifurcation site 

＊ 

＊ 

＊: 1 strut at LCX ostium 

IVUS assessment 
 ・ Reference site 

     Mean LA/VA, LD/VD, 

     Symmetricity 

     Apposition 

     Complications 

 ・ MLA site 

     MLA/MLD 

     Expansition 

     Symmetricity 
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LCA: pre-PCI 
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23mm 

Distal reference Prox. reference MLA site 

Proximal Distal 

LCX DX 

Distal reference Prox. reference Minimum lumen area site 

Mean lumen diameter = 3.52 mm 

Mean vessel diameter = 4.87 mm 

Plaque burden = 45 % 

Mean lumen diameter = 2.66 mm 

Mean vessel diameter = 3.17 mm 

Plaque burden = 30 % 

Minimum lumen area = 2.04 mm2 

Mean vessel diameter =3.91 mm 

LCX 
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Distal edge ISA site MSA site 

Stent area = 6.57 mm2 

Symmetricity index=0.82 

Edge dissection(-) 

Malapposition(-) 

Stent area = 7.08 mm2 

Symmetric expansion  

index=0.88 

Bifurcation site 

Proximal Distal 

Distal edge 
Incomplete stent 

apposition site 
MSA site 

Bifurcation site 

LCX 

＊ 

＊: strut 

＊ 

＊: malapposed strut 

＊ 

＊ 

Post sten implantation 
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Proximal Distal 

Distal edge 

POT site MSA site 
Bifurcation site 

Distal edge POT site MSA site 

Stent area = 6.57 mm2 

Symmetricity index=0.82 

Edge dissection(-) 

Malapposition(-) 

Stent area = 7.08 mm2 

Symmetricity index=0.88 

Bifurcation site 

LCX 

＊ 

＊: strut 

＊ 

＊: apposed strut 

＊ 

＊ 

Post POT (proximal optimized technique) by 3.75mm balloon 
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KBT with semi-compliant balloon 3.0mm and  2.25 mm, 8atm 

after POT 
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Distal reference Prox. reference MSA site Bifurcation site 

Stent area = 10.75 mm2 

Symmetricity index= 0.86 

Edge dissection(-) 

Malapposition(-) 

Stent area = 6.88 mm2 

Symmetricity index=0.90 

Edge dissection(-) 

Malapposition(-) 

Stent area = 7.38 mm2 

Symmetricity index =0.86 

LCX 

No strut at LCX ostium 

Proximal Distal 

Distal reference Prox. reference 

MSA site 

Bifurcation site 

Post KBT 
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Minimal stent area (MSA) cutoff values 
 for the prediction of angiographic in-stent restenosis (ISR) 

Soo-Jin Kang et al. Circ Cardiovasc Interv. 2011;4:562-569 
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Kaplan-Meier curve for MACE-free survival 

Kang SJ, et al. Circ Cardiovasc Interv. 2011;4:562-569 
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Patient complained severe chest pain, and became shock 

vital during procedure. 

Coronary angiography after IABP.  
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IVUS from LCX after 2.5mm ballooning 
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Pullback from mid LCX after 2.5mm  balloon 

Distal reference Prox. ref.erence MLA site (LCX os) 

LCX 

Bifurcation site 

LAD ＊ 

＊: hematoma 

＊ 

＊ 

＊ 

28mm 

Distal reference Prox. reference Bifurcation site 

Proximal Distal 

LAD 
MLA site(LCX os 

＊ ＊ ＊ 

＊: hematoma 
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Post KBT (pullback from LCX) 

Distal edge Prox. edge MSA site (LMCA) MSA site 

LAD 

Edge dissection(-) 

malapposition(-) 

＊: no strut at LAD ostium 

Proximal Distal 

Distal edge Prox. edge MSA site 

Bifurcation site 

Hematoma was covered 

malapposition(-) 

Stent area = 10.34 mm2 

Symmetricity index=0.92 

Hematoma was covered. 
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Post KBT (pullback from LAD) 

LAD ostium Prox. edge LMCA mid Bifurcation site 
Edge dissection(-) 

Hematoma(-) 

Edge dissection(-) 

Hematoma (-) LCX 

Distal 

LAD ostium 

Prox. edge LMCA mid 

Bifurcation site 

Proximal 

LCX 

＊ 

＊:hematoma 
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When and how to perform the provisional approach for distal LM stenting 
Park SJ, et al. EuroIntervention 2015;11:V120-V124 

OCT or 

OCT or 
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FFR（Pre PCI） 

FFR : 0.67 (LAD) / 0.85 (Dx) 

jump up at #6 (0.74⇒0.93) 

jump up at #9 (0.85⇒0.93) 

LMCA = 1.0 

#6 =0.93 

#9 = 0.85 

#8 = 0.67 

#7 = 0.74 

pull back from #9→#5 

pull back from #8 → #5 

Overestimation of side branch stenosis by angiography  
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Schematic example of physiological measurements of LM stenosis  
with or without proximal LAD stenosis 

Yong ASC et al. Circ Cardiovasc Interv. 2013;6:161-165 

FFR in LCx would be overestimated by the proximal LAD stenosis. 
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True FFR (FFRtrue) in instances where FFRapp >0.8 

Yong ASC et al. Circ Cardiovasc Interv. 2013;6:161-165 

In cases with FFRLAD ≦0.5, true FFRLCx would be <0.75  
even if apparent FFRLCx is >0.8 . 
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Take home message 

 Pre-PCI lesion assessment by imaging may allow us to 

decide stent size, stent length and landing zone precisely.  

 Confirmation of the final result of PCI by imaging should 

improve the prognosis of patients by avoiding acute or 

subacute stent thrombosis, restenosis or MACE. 

 Imaging assessment during PCI should be essential to 

identify stent under-expansion, incomplete apposition or 

complications including stent edge dissection, intramural 

hematoma and so on.  

 FFR measurement should be essential for deciding the 

bifurcation lesion treatment before or after stenting, and 

the underestimation of the lesion severity should be taken 

into account in the assessment of side branch stenosis. 


