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1   
SB

OCT SB compromise SBC 3D-OCT 
Bifurcation Registry 168 111 SBC

OCT SBC SB
90 OCT geometric parameter

SB SBd proximal branching point carina tip BP-CT length
dPOC 3

SBC 36 32 SBC
SBd 1.77mm [AUC] 0.73 64

75 BP-CT length 1.8mm AUC 0.83 86 68 dPOC
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OCT 1
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3   
3D-OCT Bifurcation Registry SBC

SB  

4   
4.1  

3D-OCT Bifurcation Registry PCI 3D-OCT
13 2014 8 2015

12 168 168 SB 2.0mm
PCI SBC

 (1)MV MV OCT
(2)SB proximal optimization technique POT SB  MV

OCT
SB 90

SB MV OCT
 

 
 
4.2 MV SB SBC  

MV SB
SBC 2 MV

SB 90 3
SBC

2 SBC SBC OCT
H.A., T.F., T.O.  

 
4.3 QCA  

Medina 7
Medina 1.1.1 1.0.1 0.1.1 PCI

QAngio® XA version 7.3; Medis Specials, Leiden, Netherlands
QCA
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1. 3D-OCT geometric parameters
(A) (B) 3D-OCT ( ) (C) SBd

(D)BP-CT length proximal branching poin carina tip
(E)dPOC
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MV SBC
SBC

P 0.05 OCT OCT 3
MV OCT SB
SB 20,21

P<0.05 JMP Statistics software (ver. 13; SAS, Cary, 
NC, USA)

5
5.1

168 168 57 111 2 SBC
36 32 SBC 1

2

2. 

1. 

SBC (n=36) SBC (n=75) P
(years) 71±1.6 71±1.1 0.80

, n (%) 25 (69.4) 51 (68.0) 0.88
, n (%) 31 (86.1) 67 (89.3) 0.75
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, n (%) 25 (69.4) 48 (64.0) 0.57 
, n (%) 17 (47.2) 29 (38.7) 0.39 
, n (%) 16 (44.4) 30 (40.0) 0.66 

, n (%) 3 (8.3) 5 (6.7) 0.71 
, n (%) 5 (16.1) 14 (20.0) 0.79 

PCI/CABG , n (%) 15 (48.4) 28 (40.0) 0.43 
, n (%) 24 (66.7) 57 (76.0) 0.30 

, n (%) 8 (22.2) 9 (12.0) 0.16 
, n (%) 4 (11.1) 9 (12.0) 1.00 

 (%) 63±1.7 62±1.1 0.47 
CABG: coronary artery bypass graft, PCI: percutaneous coronary intervention, SBC: side 
branch compromise 
 
5.2  

2 3 SBC
SBC LM

(Medina 1.1.1, 1.0.1, 0.1.1) SBC SBC 56  vs. 
27 P=0.0030 QCA MV SB MV

SBC SBC  
 

2. OCT  
 SBC (n=36) SBC (n=75) P  

    
   <0.0001 

 LM, n (%) 1 (2.8) 32 (42.7)  
 LAD, n (%) 27 (75.0) 24(32.0)  
 LCX, n (%) 3 (8.3) 14 (18.7)  
 RCA, n (%) 5 (13.9) 5 (6.6)  
Medina    0.0061 
 (1,1,1), n (%) 12 (33.4) 6 (8.0)  
 (1,1,0), n (%) 7 (19.4) 15 (20.0)  
 (1,0,1), n (%) 1 (2.8) 4 (5.3)  
 (1,0,0), n (%) 0 (0) 4 (5.3)  
 (0,1,1), n (%) 7 (19.4) 9 (12.0)  
 (0,1,0), n (%) 9 (25.0) 37 (49.4)  

, n (%) 20 (55.6) 19(25.3) 0.0030 
, n (%) 10 (27.8) 24 (32.0) 0.83 

 , n (%) 4 (11.1) 15 (20.0) 0.29 
 , n (%) 6 (16.7) 9 (12.0) 0.50 
QCA     

PMV  (mm) 2.68 (2.34, 3.06) 2.98 (2.64, 3.64) 0.0030 
 DMV  (mm) 2.30 (2.05, 2.52) 2.50 (2.06, 2.81) 0.06 
 SB  (mm) 1.94 (1.57, 2.15) 2.29 (1.74, 2.67) 0.0065 
 PMV  (%) 33.9 (15.5, 49.8) 12.6 (1.60, 41.5) 0.0125 
 DMV  (%) 51.9 (36.7, 65.9) 53.5 (26.4, 66.1) 0.58 
 SB  (%) 20.8 (9.33, 40.9) 20.7 (11.3, 36.2) 1.00 
 PMV-DMV  (°) 151 (138, 162) 159 (147, 172) 0.0389 
 PMV-SB  (°) 158 (141, 168) 146 (131, 161) 0.0306 
 DMV-SB  (°) 52.5 (39.8, 61.3) 53.0 (38.5, 70.5) 0.70 
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OCT     
OCT    0.23 
    , n (%) 31 (86.1) 53 (70.7)  
    , n (%) 5 (13.9) 16 (21.3)  
    SB , n (%) 0 (0) 1 (1.3)  
    MV , n (%) 0 (0) 5 (6.7)  
SB , n (%) 16 (44.4) 40 (53.3) 0.42 

: 36mm/s, n (%) 19 (52.8) 47 (62.7) 0.41 
: , n (%) 34 (94.4) 71 (94.7) 1.00 

OCT     
3D-OCT     
 , n (%) 32 (88.9) 49 (65.3) 0.0113 

    
 Proximal branching point   0.60 
  1, n (%) 17 (47.2) 27 (36.0)  
  2, n (%) 1 (2.8) 5 (6.6)  
  3, n (%) 8 (22.2) 23 (30.7)  
  4, n (%) 10 (27.8) 20 (26.7)  
 Carina tip    
  1, n (%) 26 (72.2) 45 (60.0) 0.32 
  2, n (%) 1 (2.8) 1 (1.3)  
  3, n (%) 7 (19.4) 17 (22.7)  
  4, n (%) 2 (5.6) 12 (16.0)  

    
 Proximal branching point   0.91 
  , n (%) 7 (19.4) 17 (22.7)  
  , n (%) 21 (58.4) 43 (57.3)  
  , n (%) 8 (22.2) 15 (20.0)  
 Carina tip   0.84 
  , n (%) 7 (19.4) 18 (24.0)  
  , n (%) 24 (66.7) 45 (60.0)  
  , n (%) 5 (13.9) 12 (16.0)  
    SB , n (%)  8 (22.2) 15 (20.0) 0.81 
    SB , n (%) 8 (22.2) 10 (13.3) 0.28 

 (°)   0.44 
 0-89, n (%) 26 (72.2) 51 (68.0)  
    90-179, n (%) 3 (8.3) 11 (14.7)  
    180-269, n (%) 5 (13.9) 5 (6.7)  
    270-360, n (%) 2 (5.6) 8 (10.7)  
3D geometric parameters    
 SBd (mm) 1.68 (1.40, 1.97) 2.07 (1.76, 2.79) 0.0001 
 BP-CT length (mm) 1.4 (1.13, 1.68) 2.1 (1.6, 2.5) <0.0001 

dPOC (mm) 3.75 (3.37, 4.40) 4.21 (3.74, 4.91) 0.0090 
 (mm2) 6.54 (4.75, 7.71) 8.19 (6.16, 11.6) 0.0011 
 (mm2) 3.80 (3.05, 5.42) 4.66 (3.60, 7.35) 0.0462 

DMV  (mm) 1.20 (1.02, 1.42) 1.28 (0.99, 1.48) 0.43 
PMV  (mm)  1.68 (1.38, 2.02) 2.11 (1.56, 2.72) 0.0051 

3, n (%) 22 (71.0) 7 (13.2) <0.0001 
    

SB  3 (8.3) 1 (1.4) 0.10 
3D: 3-dimensional, BP-CT length: length between the proximal branching point and the 
carina tip, DMV: distal main vessel, dPOC: distance of polygon of confluence, LAD: left 
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anterior descending artery, LCX: left circumflex artery, LM: left main bifurcation artery, 
OCT: optical coherence tomography, PMV: proximal main vessel, QCA: quantitative 
coronary angiography, RCA: right coronary artery, SB: side branch; TIMI: Thrombolysis in 
Myocardial Infarction 
 

3.  
 SBC (n=36) SBC (n=75) P  

, n (%) 33 (91.7) 70 (93.3) 0.71 
    

     , n (%) 28 (77.8) 59 (78.7) 0.91 
         MV , n (%) 26 (72.2) 53 (70.8) 0.87 
      SB , n (%) 0 (0) 1 (1.3) 1.00 
      Sequential balloon inflation, n (%) 1 (2.8) 4 (5.3) 1.00 
      Kissing balloon inflation, n (%) 1 (2.8) 1 (1.3) 0.55 
     , n (%) 0 (0) 5(6.7) 0.17 

   0.07 
     Xience, n (%) 13 (36.1) 18 (24.0)  
     Resolute, n (%) 9 (25.0) 21 (28.0)  
     Ultimaster, n (%) 0 (0) 8 (10.7)  
     Nobori, n (%) 6 (16.7) 20 (26.6)  
     Promus, n (%) 8 (22.2) 8 (10.7)  

 (mm) 2.75 (2.5, 3.0) 3.0 (2.75, 3.5) 0.0081 
 (mm) 24 (18, 31.5) 20 (18, 24) 0.10 

MV: main vessel 
 
5.3 OCT  

OCT 2 SBC SBC
88.9  vs 65.3 P=0.0113 proximal branching point carina tip

geometric parameter SBC
SBC  SBd IQR 1.68 1.40-1.97 vs 2.07 1.76-2.79
mm P=0.0001 BP-CT length 1.4 1.13-1. 68 vs 2.1 1.6-2.5 mm P<0.0001
dPOC 3.75 3.37-4.40 vs 4.21 3.74-4.91 mm P=0.0090 MV
SBC ROC 3 SBd 1.77mm
[AUC]0.73 95 [CI]0.63-0.82 P<0.0001 63. 9 74.8 BP-CT 
length 1.8mm AUC 0.83 95 CI 0.75-0.91 P 0.0001 86.1 68.0
dPOC 3.96mm AUC 0.68 95 CI 0.56-0.80 P 0.0061 62.5 69.0

 
SBC OCT SBd 1.77mm BP-CT length

1.8mm dPOC 3.96mm 1 OCT
dPOC dPOC

0 4 SBC
 0  0 1  8.7 2  28 3  58 4  85 P<0.0001

OCT 3 SBC
14.8 95 CI 5.2-42.6 P<0.0001 4  
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92 83.8 SB 2-
SB 90

4
94 SBC n=30 SBC n=64 9

SBC SBC
13.3 vs 6.3 P=0.251

3. geometric parameter ROC
SBC A SBd B BP-CT length C dPOC ROC

4. SBC OCT
(A OCT 1

(B OCT SB compromise
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4. MV SBC
Univariate Multivariate

OR CI P OR CI P

PMV 0.39 0.20-0.75 0.0024
0.78 0.66-0.92 0.0004 0.88 0.73-1.04 0.1181

0.82 0.68-0.99 0.0271
SB 1.14 0.43-3.01 0.79
SB 1.86 0.66-5.20 0.24 2.35 0.68-8.15 0.1809
OCT 3 11.93 4.65-30.55 <0.0001 9.46 3.43-26.04 <0.0001

5.4
5 SBC Medina 0.1.0
OCT SBd BP-CT length dPOC
MV SBC

5. SBC
(A (B MV

(C OCT MV SBC (D, E
SBC

5.5 Geometric Parameters
111 MV OCT 83
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2 5 6 6 SBd 3D-OCT
IQR 1.79 1.58-2.09 1.87

1.56-2.20 mm P 0.1866 2.49 2.02-3.0 2.93 2.12-3.34 mm P
0.0908 BP-CT length 3D-OCT

1.6 1.4-2.0 1.3 0.9-1.7 mm P 0.0001 2.5 1.6-3.4 1.6 1.3-
2.0 mm P 0.0001 dPOC MV MV

4.09 3.47-4.73  4.26 3.66-4.81 mm
P=0.1409 dPOC-DMVd MV MV

2.22 1.88-2.72 1.54 1.12-1.86 mm P 0.0001  
 

 5.  
 All (n=83) 

  
 (years) 71 (65, 79) 
, n (%) 61 (73.5) 

, n (%) 72 (86.7) 
, n (%) 52 (62.7) 

, n (%) 39 (47.0) 
, n (%) 35 (42.2) 

, n (%) 6 (7.2) 
, n (%) 58 (69.9) 

, n (%) 14 (16.9) 
, n (%) 11 (13.3) 

  
  

LM, n (%) 19 (22.9) 
LAD, n (%) 44 (53.0) 
LCX, n (%) 14 (16.9) 
RCA, n (%) 6 (7.2) 

, n (%) 30 (36.1) 
QCA   

PMV  (mm) 2.81 (2.46, 3.24) 
DMV  (mm) 2.34 (2.03, 2.71) 
SB  (mm) 2.01 (1.61, 2.35) 
DMV-SB  (°) 53 (40, 68) 

OCT   
3D-OCT   

, n (%) 66 (79.5) 
MV carina tip   

SB , n (%) 53 (63.9) 
SB , n (%) 2 (2.4) 
SB , n (%) 19 (22.9) 

, n (%) 9 (10.8) 
  

 (mm) 3.0 (2.5, 3.3) 
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6. geometric parameters

6. geometric parameters
P

SBd 1.79 (1.58, 2.09) 1.87 (1.56, 2.20) 0.19
BP-CT length 1.6 (1.4, 2.0) 1.3 (0.9, 1.7) <0.0001
dPOC 4.09 (3.47, 4.73) 4.26 (3.66, 4.81) 0.14
dPOC-DMVd 2.22 (1.88, 2.72) 1.54 (1.12, 1.86) <0.0001

SBd 2.49 (2.01, 3.00) 2.93 (2.12, 3.34) 0.09
BP-CT length 2.5 (1.6, 3.4) 1.6 (1.3, 2.0) 0.0001

DMVd: distal main vessel diameter

6
MV SBC OCT

(1) geometric parameter
SBd BP-CT length dPOC SBC (2)SBC
3D-OCT SB

 3 4 SBd BP-CT length dPOC 3D-OCT
OCT MV

SBC
SB 9

20

22 SB 8 SB 5
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SBC
20 SBC SBC

LM 8 LM
SB 20

SB
SBC/SB 3

OCT 3
SBC  
 
6.1 3  

3D-OCT SB PCI SB
16 SB

SB SBd
SB BP-CT length

MV BP-CT length
SBd BP-CT 

length 3 dPOC
dPOC dPOC-DMVd

MV
 

SBd
SBd SBC

IVUS SB
Sakamoto SB SB SB SB

4 SB SBC
8 SBd SBd

SBC SB
 

 
6.2 3D-OCT  

SBC 22

SB 5,8

20 3D-OCT
3D-OCT

3D-QCA MV SB
51 AUC 0.77 80 67

15 SBC SBC
V-RESOLVE Visual Estimation for Risk prEdiction of Side Branch OccLusion 

in Coronary Bifurcation interVEntion SB
23 V-RESOLVE
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29.7 SB LM
V-RESOLVE 2.5 Medina1.0.0 V-RESOLVE
31.2 3.6

27.7 92.8 SBC/SB V-RESOLVE

SBC
 

 
6.3 OCT  

Watanabe BP-CT length 1.7mm carina tip 50 82.4 MV
SBC 7 carina tip OCT/OFDI

carina tip

Medina 1.0.0 0.1.0 1.1.0 SB 50
LM 2 2 7

OCT LM PCI SBC
6,7 OCT

OCT
LM

24 SB
SBC SB

SB OCT SBd 2mm BP-CT length
2mm dPOC 4mm SB

TIMI flow grade SB
2,4,6,8,23 SB SB

25 SB
FFR SB

SB FFR 20
26 PCI provisional stenting 

strategy SB SB 90
3 SBC SB 90

SB OCT SB
jailed balloon technique jailed corsair technique double-stent 

strategy OCT PCI
 

 
6.4  

1
SBC SBC

2 PCI provisional single-stent strategy POT
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3 POT 40
OCT POT POT SB

27 POT geometric parameter
3 OCT

4 3 5 SB

2 3

Medina

SB
SBC

SBC 15.4 28 SBC
 

 
7   

SBC geometric parameter
3D OCT

SBC  
 

8   
 

    
 
 

 
 

9   
1. Lee JM, Park KW, Koo BK, Kim HS. Stenting of coronary bifurcation lesions: a 

literature and technical review. Curr Cardiol Rep 2015; 17: 45. 
2. Hahn JY, Chun WJ, Kim JH, Song YB, Oh JH, Koo BK, et al. Predictors and outcomes 

of side branch occlusion after main vessel stenting in coronary bifurcation lesions: 
results from the COBIS II Registry (COronary BIfurcation Stenting). J Am Coll 
Cardiol 2013; 62: 1654-1659. 

3. Burzotta F, Lassen JF, Lefèvre T, Banning AP, Chatzizisis YS, Johnson TW, et al. 
Percutaneous coronary intervention for bifurcation coronary lesions: the 15(th) 
consensus document from the European Bifurcation Club. EuroIntervention 2021; 16: 
1307-1317. 

4. Sakamoto N, Hoshino Y, Mizukami H, Sugimoto K, Yamaki T, Kunii H, et al. 
Intravascular ultrasound predictors of acute side branch occlusion in coronary artery 



18 
 

bifurcation lesions just after single stent crossover. Catheter Cardiovasc Interv 2016; 
87: 243-250. 

5. Zhang D, Xu B, Yin D, Li Y, He Y, You S, et al. How bifurcation angle impacts the fate 
of side branch after main vessel stenting: a retrospective analysis of 1,200 consecutive 
bifurcation lesions in a single center. Catheter Cardiovasc Interv 2015; 85 Suppl 1: 
706-715. 

6. Dou K, Zhang D, Xu B, Yang Y, Yin D, Qiao S, et al. An angiographic tool for risk 
prediction of side branch occlusion in coronary bifurcation intervention: the 
RESOLVE score system (Risk prEdiction of Side branch OccLusion in coronary 
bifurcation interVEntion). JACC Cardiovasc Interv 2015; 8: 39-46. 

7. Watanabe M, Uemura S, Sugawara Y, Ueda T, Soeda T, Takeda Y, et al. Side branch 
complication after a single-stent crossover technique: prediction with frequency 
domain optical coherence tomography. Coron Artery Dis 2014; 25: 321-329. 

8. Cao Y, Mintz GS, Matsumura M, Zhang W, Lin Y, Wang X, et al. The Relation 
Between Optical Coherence Tomography-Detected Layered Pattern and Acute Side 
Branch Occlusion after Provisional Stenting of Coronary Bifurcation Lesions. 
Cardiovasc Revasc Med 2019; 20: 1007-1013. 

9. Gwon HC, Song YB, Pan M. The story of plaque shift and carina shift. 
EuroIntervention 2015; 11 Suppl V: V75-77. 

10. Onuma Y, Katagiri Y, Burzotta F, Holm NR, Amabile N, Okamura T, et al. Joint 
consensus on the use of OCT in coronary bifurcation lesions by the European and 
Japanese bifurcation clubs. EuroIntervention 2019; 14: e1568-e1577. 

11. Takagi K, Nagoshi R, Kim BK, Kim W, Kinoshita Y, Shite J, et al. Efficacy of coronary 
imaging on bifurcation intervention. Cardiovasc Interv Ther 2021; 36: 54-66. 

12. Farooq V, Serruys PW, Heo JH, Gogas BD, Okamura T, Gomez-Lara J, et al. New 
insights into the coronary artery bifurcation hypothesis-generating concepts utilizing 
3-dimensional optical frequency domain imaging. JACC Cardiovasc Interv 2011; 4: 
921-931. 

13. Okamura T, Nagoshi R, Fujimura T, Murasato Y, Yamawaki M, Ono S, et al. Impact 
of guidewire recrossing point into stent jailed side branch for optimal kissing balloon 
dilatation: core lab 3D optical coherence tomography analysis. EuroIntervention 2018; 
13: e1785-e1793. 

14. Okamura T, Onuma Y, Yamada J, Iqbal J, Tateishi H, Nao T, et al. 3D optical 
coherence tomography: new insights into the process of optimal rewiring of side 
branches during bifurcational stenting. EuroIntervention 2014; 10: 907-915. 

15. Nishimura T, Okamura T, Fujimura T, Miyazaki Y, Takenaka H, Akase H, et al. 
Feasibility, reproducibility and characteristics of coronary bifurcation type 
assessment by three-dimensional optical coherence tomography. PLoS One 2022; 17: 
e0263246. 

16. Cho S, Kim JS, Ha J, Shin DH, Kim BK, Ko YG, et al. Three-Dimensional Optical 



19 
 

Coherence Tomographic Analysis of Eccentric Morphology of the Jailed Side-Branch 
Ostium in Coronary Bifurcation Lesions. Can J Cardiol 2016; 32: 234-239. 

17. Fujino A, Mintz GS, Matsumura M, Lee T, Kim SY, Hoshino M, et al. A new optical 
coherence tomography-based calcium scoring system to predict stent underexpansion. 
EuroIntervention 2018; 13: e2182-e2189. 

18. Ramcharitar S, Onuma Y, Aben JP, Consten C, Weijers B, Morel MA, et al. A novel 
dedicated quantitative coronary analysis methodology for bifurcation lesions. 
EuroIntervention 2008; 3: 553-557. 

19. Jang I-K, Tearney GJ, Macneill B, Takano M, Moselewski F, Iftima N, et al. In Vivo 
Characterization of Coronary Atherosclerotic Plaque by Use of Optical Coherence 
Tomography. Circulation 2005; 111: 1551-1555. 

20. Fujino Y, Attizzani GF, Tahara S, Takagi K, Naganuma T, Wang W, et al. Impact of 
main-branch calcified plaque on side-branch stenosis in bifurcation stenting: an 
optical coherence tomography study. Int J Cardiol 2014; 176: 1056-1060. 

21. Kini AS, Yoshimura T, Vengrenyuk Y, Amirian J, Hasan C, Baber U, et al. Plaque 
Morphology Predictors of Side Branch Occlusion After Main Vessel Stenting in 
Coronary Bifurcation Lesions: Optical Coherence Tomography Imaging Study. JACC 
Cardiovasc Interv 2016; 9: 862-865. 

22. Xu J, Hahn JY, Song YB, Choi SH, Choi JH, Lu C, et al. Carina shift versus plaque 
shift for aggravation of side branch ostial stenosis in bifurcation lesions: volumetric 
intravascular ultrasound analysis of both branches. Circ Cardiovasc Interv 2012; 5: 
657-662. 

23. He Y, Zhang D, Yin D, Zhu C, Feng L, Song C, et al. Validation of the V-RESOLVE 
(Visual Estimation for Risk prEdiction of Side Branch OccLusion in Coronary 
Bifurcation interVEntion) score system. Catheter Cardiovasc Interv 2018; 91: 591-
598. 

24. Hong SJ, Zhang JJ, Mintz GS, Ahn CM, Kim JS, Kim BK, et al. Improved 3-Year 
Cardiac Survival After IVUS-Guided Long DES Implantation: A Patient-Level 
Analysis From 2 Randomized Trials. JACC Cardiovasc Interv 2022; 15: 208-216. 

25. Secco GG, Rittger H, Hoffmann S, Richardt G, Abdel-Wahab M, Reinecke H, et al. The 
Glider registry. Catheter Cardiovasc Interv 2017; 89: E1-e6. 

26. Ye F, Chen SL, Zhang JJ, Zhu ZS, Kan J, Tian NL, et al. Hemodynamic changes of 
fractional flow reserve after double kissing crush and provisional stenting technique 
for true bifurcation lesions. Chin Med J (Engl) 2012; 125: 2658-2662. 

27. Finet G, Derimay F, Motreff P, Guerin P, Pilet P, Ohayon J, et al. Comparative 
Analysis of Sequential Proximal Optimizing Technique Versus Kissing Balloon 
Inflation Technique in Provisional Bifurcation Stenting: Fractal Coronary Bifurcation 
Bench Test. JACC Cardiovasc Interv 2015; 8: 1308-1317. 

28. Belkacemi A, Stella PR, Chunlai S, Uiterwijk M, Ali D, Agostoni P. Angiographic fate 
of side branch dissections in bifurcation lesions treated with a provisional single 



20 
 

stenting strategy: a post-hoc analysis of the international multicenter randomized 
DEBIUT study. Catheter Cardiovasc Interv 2014; 83: 539-544. 

  
 


