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PCI for LM bifurcation lesions
 Bifurcation lesion PCI might be 15-20% of all PCI cases in daily 

clinical practice, and complex procedure may be required sometimes.

 Higher risk for complications such as side branch occlusion, stent 
thrombosis, restenosis, etc. have been reported more frequently in 
bifurcation lesion PCI.

 Better clinical outcomes have been demonstrated in simple stent 

strategy compared with various 2 stents strategies. 
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Gao GF, et al. EuroInterv 2014;10:561-569

Simple vs complex stent strategies for bifurcation with DES: 
a meta-analysis of nine randomized trials 

Cardiac death Stent thrombosis

Early myocardial infarction Myocardial infarction 



Comparison between 
Classic & Functional SYNTAX Score
Nam CW, et al. J Am Coll Cardiol 2011;58:1211-1218

Classic SYNTAX score Functional SYNTAX score

2-VD (n=394)2-VD (n=394)

Lesion assessment in FAME Study
Angiography vs FFR

Tonino PAL, et al. J Am Coll Cardiol 2010;55:2816-2821

Angiographic 2-VD Angiographic 3-VD



Is LMCA stenosis significant ?

LMCA disease + LAD/Lcx lesion



FFR (LAD)= 0.63

FFR (LCX)= 0.88

LMCA disease + LAD/Lcx lesion

Severe stenosis in the prox. LAD

Mild stenosis in the LMCA



LM / bifurcation lesion 
- Effect of downstream disease-

Can we use FFR value in the LCx as true when 
there is a significant stenosis in the LAD ?



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

LM / bifurcation lesion 
- Effect of downstream disease-

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



PCI to LAD
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Importance of proximal optimization technique (POT)
In bifurcation, there is a vessel size change in main vessel at proximal and 
distal of side branch. 
If the stent size selected to adjust proximal reference, stent distal edge 
dissection and carina shift may happen. 
If the stent selected to adjust distal reference, no edge dissection and no 
carina sift may happen, however, stent malapposition may occur. Proximal 
optimization technique (POT) should be performed for avoiding carina shift.



LM LAD

LCX

If we do proximal optimization treatment 
(POT) with bigger balloon, stent 
malapposition may disappear within LM, 
and it becomes easy to recross the GW 
close to carina due to the gap of the strut 
becomes much greater.

Importance of proximal optimization technique (POT)



LM

After KBT, jailed struts may 
move to the opposite site of 
the side branch, and optimal 
result could be obtained.

LAD

LCX

Importance of proximal optimization technique (POT)



3-D reconstruction & auto-detection of incomplete apposition of 
stent can be demonstrated as fly through image in addition to 
cross sectional & longitudinal images by newly developed OCT.

New Development in OCT



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.



Stent link did not locate at side branch orifice:

Link Free type

Relation between stent link & side branch orifice

Optimal GW re-cross point:

Distal cell close to carina



Link Free type

Kissing ballooning OptimalGW distal cell re-cross



Nakamura T, et al. Int J CV Imag 2017;33: 797 – 806

Onuma Y, et al. EuroInterv 2018;accepted

Impact of the rewiring position
Strut malapposition & shear stress

Comparison of % reduction of
the side branch flow area

Comparison among each jailed type



If the stent link locates closed to carina, it would be 
difficult to remove the jailed struts by KBT: 
Link connecting to carina type

Suboptimal

Relation between stent link & side branch orifice



Recrossed wire distally Strut deformation

Recrossed wire proximally Remained jailed struts

After Kissing Ballooning

After Kissing Ballooning

GW crossed distally

GW crossed proximally

Link connecting to carina type

suboptimal

GW recross distal cell

GW recross proximal cell



After kissing ballooning

Strut 
deformation

Remaining jailed 
struts

Remaining jailed struts105
cases

“Link-free type”
58

“Link-connecting 
to carina type”

47

Guidewire recrossing

distally

proximally

proximally

distally

54

4

33

14

Group

Optimal
54 cases

Suboptimal
51 cases

Frequency of jailing configuration & GW rewiring position
Okamura T, et al. EuroIntervention 2018;13: e1785 – e1793

proximally
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Incidence of ISA at each segment
Okamura T, et al. EuroIntervention 2018;13:e1785-e1793



Angiographic ISR at 9 Month

All Optimal Suboptimal P value

n 87 48 39

ISR 12(13.8%) 4(8.3%) 8(20.5%) 0.1254

PMV 0(0%) 0(0%) 0(0%) -

DMV 1(1.1%) 1(2.1%) 0(0%) 1.0000

Side Br Orifice 12(13.8%) 4(8.3%) 8(20.5%) 0.1254

Okamura T, et al. EuroIntervention 2018;13:e1785-e1793



distal

proximal

Stent design based on the rink position & wire re-cross point 
at bifurcation orifice 

We cannot control the rink position on the
side branch orifice, and it should be by chance.



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 .

plaque

Plaque 
shift

carina Carina 
shift

Plaque shift Carina shift



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



Comparison between DK crush & culotte stenting
for LM bifurcation lesions: DKCRUSH-III study

MACE free survival
rate at 12 months

TVR free survival
rate at 12 months

TLR free survival
rate at 12 months

Chen SL, et al. J Am Coll Cardiol 2013:61:1482-1488



Comparison between DK crush & provisional T stenting
for LM bifurcation lesions: DKCRUSH-V study

Chen SL, et al. J Am Coll Cardiol 2017:70:2605-2617



Rho JH, et al. EuroIntervention 2015;11:V125-V128

Advantages & disadvantages of different double-stent techniques 
for unprotected LMCA bifurcation lesions?



Comparison between IVUS- vs angio-guided PCI for LM disease 
in the propensity score-matched population. 

Andell P, et al. Circ Cardiovasc Interv. 2017;10:e004813

Swedish Coronary Angiography & Angioplasty 
Registry (SCCAAR) between 2005 & 2014 



Kaplan-Meier curve for MACE-free survival
in cases with and without underexpansion

Kang SJ, et al. Circ Cardiovasc Interv. 2011;4:562-569



Minimal stent area (MSA) cut-off values
for the prediction of angiographic in-stent restenosis (ISR)

Soo-Jin Kang et al. Circ Cardiovasc Interv. 2011;4:562-569

2 stents Single stent



Take home message

 Improvement of clinical outcomes in bifurcation lesion PCI can be 
expected by the guidance of FFR, IVUS, and 3D-OCT,  although there are 
not enough data to support the reduction of the adverse clinical events 
using OCT guided PCI for bifurcation lesions at the moment. 

 Randomized prospective studies with greater number of study population 
should be planned to demonstrate the improvement of clinical outcome by 
3D-OCT guided PCI for LM bifurcation lesions in the near future.

 Better clinical outcomes have been demonstrated in simple stent strategy 
compared with 2 stents strategies, and proximal optimization technique 
(POT) may provide much better PCI prognosis within simple stent strategy. 



Thank you for your kind attention !!

Welcome to APSC 2020 in Kyoto,
Japan!!



IVUS or OCT



3D-OCT image information

• Stent apposition 
• Stent cell figure 
• Location of stent link in 

relation to side branch orifice 
• GW recrossing position 

Using specific off-line 
3D-software provided by Dr. Okamura



3-D OCT guided bifurcation stenting (pilot study)

Study population

Primary endpoint

Frequency of re-wiring by 3-D OCT guidance:
re-wiring should be required again more than 30 % cases.

105 bifurcation lesions

Secondary endpoint

Incidence of ISA:
MACE:

Frequency of incomplete stent apposition by 3-D OCT guidance.

Okamura T, et al. EuroIntervention 2018;13:e1785-e1793



Japanese registry for 3-D OCT guided bifurcation stenting
Study population

Primary endpoint

Incidence of side branch restenosis at 1 year.

600 bifurcation lesions

Secondary endpoint

MACE at 3 years

Side branch opening guided by 3-D OCT:400 
Optimal
Suboptimal

No side branch opening:200


