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• SB occlusion  
→ Peri-procedural MI 

• Procedure for SB protection 
→ Complex procedure 

→ Procedural complications 

→ Prolonged procedure 

→ Contrast-induced nephropathy 

• MV under-expansion 
→ Restenosis 

→ Stent thrombosis 

• SB under-treatment 
→ Restenosis on SB ostium 

Bifurcation stenting: 
It’s all about SB compromise 



SB occlusion after MV stenting 

• It is common (7-20%). 

• It increases the risk of non-Q MI.  

• Risk factors 

– Severity and length of SB ostial stenosis, plaque burden in ostial SB, 

narrow bifurcation angle, size and/or pressure of MV stent  

• Preventive measures 

– Jailed wire technique, predilation of SB… 

• Its clinical outcome 

– Not well-known 

Blankenship J,  JACC 2001, Cho CY, CCI 2001, Aliabadi D, Am J Cardiol 

1997,Furukawa E, Circ J 2005, Chaudhry EC, J Thromb Thrombolysis 2007 



• Inclusion criteria 
– Coronary bifurcation lesion in major epicardial artery 

• Excluding RCA-RV bifurcation, branch bifurcation 

– SB RD  2.3 mm and at least stentable with 2.5 mm stent 

• This criteria were  2.0 mm in COBIS registry 

 Treated with DES during the period of 2003. 1 – 2009. 12. 

• Exclusion criteria 
– Cardiogenic Shock 

– History of CPR in the same hospitalization 

• Important non-exclusion criteria 
– Left main bifurcation (LMB) 

– Patients with AMI, including primary PCI 

– In-stent restenosis 

COBIS II Registry 



COBIS II Registry 

COBIS II (N=5,155) 

2003. 1 – 2009. 12. 

N=2,897 

Exclusion populations  

• Side branch < 2.3mm (n=1276) 

• Trifurcation (n=113) 

• RCA-RV (n=44) 

• LAD-Sepal (n=31) 

• Branch bifurcation (n=23) 

• Non-bifurcation lesion (n=255) 

• No crossover stent (n=197) 

• Not available data (n=319) 

Core lab QCA 

N=2,227 

Exclusion populations  

• SB stenting first strategy (n = 532) 

• Restenotic lesion (n = 107) 

• Preprocedural SB TIMI < 3 (n = 31)  

SB occlusion after 

MV stenting (N=187) 

No SB occlusion after 

MV stenting (N=2,040) 

* SB occlusion after MV 

stenting was defined as 

TIMI flow <3 



Clinical Characteristics 

  
SB occlusion 

(n=187) 

No SB occlusion 

(n=2040) 

  

p Value 

Age (years) 62.0 (54.0-70.0) 63.0 (55-69) 0.84 

Male  133 (71.1) 1485 (83.1) 0.62 

Hypertension 99 (52.9) 1203 (59.0) 0.11 

Diabetes mellitus 42 (22.5) 591 (29.0) 0.06 

Dyslipidemia 69 (36.9) 640 (31.4) 0.12 

Current smoker 57 (30.5) 527 (25.8) 0.17 

Previous myocardial infarction 12 (6.4) 96 (4.7) 0.30 

Previous revascularization 24 (12.8) 228 (11.2) 0.49 

Clinical presentation      0.001 

    Stable coronary artery disease 49 (26.2) 788 (38.6)   

    Acute coronary syndromes 138 (73.8) 1252 (61.4)   

LVEF (%)* 56.0 (47.0-63.0) 60.0 (54.0-65.7)  <0.001 

* SB occlusion after MV stenting was defined as TIMI flow <3 (N=187, 8.4%) 

Hahn JY, Gwon HC, J Am Coll Cardiol 2013 



Angiographic and Procedural Characteristics 

  SB occlusion 

 (n=187) 

No SB occlusion 

 (n=2040) 

  

p Value 

Bifurcation location     <0.001 

   Left main bifurcation 14 (7.5) 556 (27.3)   

   LAD/diagonal 124 (66.3) 1124 (55.1)   

   LCX/OM 32 (17.1) 272 (13.3)   

   RCA bifurcation 17 (9.1) 88 (4.3)   

True bifurcation 139 (74.3) 901 (44.2) <0.001 

Jailed wire in the SB 123 (65.8) 1237 (60.6) 0.17 

SB predilation before MV stenting 61 (32.6) 437 (21.4) <0.001 

IVUS guidance 52 (27.8) 772 (37.8) 0.007 

MV stent diameter (mm) 3.0 (3.0-3.5) 3.0 (3.0-3.5) 0.04 

MV stent length (mm) 24.0 (20.0-30.0) 24.0 (18.0-30.0) 0.21 

MV stent maximal pressure (atm) 12.0 (10.0-14.0) 14.0 (10.0-16.0) <0.001 

MV stent to artery ratio 1.2 (1.1-1.3) 1.2 (1.1-1.3) 0.63 

* SB occlusion after MV stenting was defined as TIMI flow <3 (N=187, 8.4%) 

Hahn JY, Gwon HC, J Am Coll Cardiol 2013 



Independent predictors of SB occlusion 

Variables Odds ratio [95% CI]  p Value 

Pre-procedural SB DS ≥50% 2.34 [1.59-3.43] <0.001 

Pre-procedural proximal MV DS ≥50% 2.34 [1.57-3.50] 0.03 

SB lesion length (by 1 mm) 1.03 [1.003-1.06] <0.001  

Acute coronary syndrome 1.53 [1.06-2.19] 0.02 

Left main lesions (vs. non-left main lesions) 0.34 [0.16-0.72]  0.005  

* DS = diameter stenosis, SB = side branch, MV = main vessel 

Important non-predictors: jailed wire technique, SB predilation, IVUS guidance 

* SB occlusion after MV stenting was defined as TIMI flow <3 (N=187, 8.4%) 

Hahn JY, Gwon HC, J Am Coll Cardiol 2013 



Case 

The risk of SB compromise in this case? After MV stenting 



• IVUS and FFR for non-LM bifurcation (N=40) 

Plaque shift is the major mechanism of SB ostial 
functional compromise, but carina shift is not 

Kang SJ, CCI 2013 

Carina shift without plaque shift was not associated with a significant SB FFR 



Plaque shift comes from proximal MV 

• Pre- and post-stenting IVUS for MV and SB (N=44) 
• Carina shift comprises 85% of SB os compromise 

Distal MV plaque volume decrease (mm3) Proximal MV plaque volume decrease (mm3) 

Xu J, Gwon HC, Circ CVI 2012 



Clinical Impact of SB Occlusion 

  
SB occlusion 

 (n=187) 

No SB occlusion 

 (n=2040) 

Unadjusted HR 

(95% CI) 

  

p Value 

Adjusted HR* 

(95% CI) 

  

p Value 

Death  10 (5.3) 74 (3.6) 1.6 (0.8-3.0) 0.20 1.5 (0.8-3.0) 0.24 

Cardiac death 7 (3.7) 20 (1.0) 4.0 (1.7-9.4)  0.002 4.2 (1.7-10.6)  0.002 

MI 4 (2.1) 32 (1.6) 1.4 (0.6-4.1) 0.49 1.5 (0.5-4.4) 0.46 

Cardiac death or MI 10 (5.3) 50 (2.5) 2.3 (1.2-4.5) 0.02 2.3 (1.2-4.8) 0.02 

Stent thrombosis 6 (3.2) 9 (0.4) 7.7 (2.7-21.6) <0.001 6.2 (2.0-19.1)  0.002 

TLR 14 (7.5) 129 (6.3) 1.3 (0.73-2.2) 0.41 1.3 (0.7-2.3) 0.36 

MACE 23 (12.3) 164 (8.0) 1.6 (1.1-2.5) 0.03 1.62 (1.1-2.6) 0.03 

*Adjusted covariates included diabetes, acute coronary syndromes, true bifurcation, left main lesion, 

use of intravascular ultrasound, SB predilation, MV stent diameter, and MV stent maximal pressure 

Hahn JY, Gwon HC, J Am Coll Cardiol 2013 



Clinical Impact of SB Occlusion 

SB occlusion 

No SB occlusion 

187 

2040 

163 

1851 

128 

1542 

83 

991 

p=0.01 

SB occlusion 

No SB occlusion 

187 

2040 

156 

1790 

121 

1478 

80 

950 

p=0.41 

12 24 36 12 24 36 

Months Months 

Cardiac Death / MI TLR 

Hahn JY, Gwon HC, J Am Coll Cardiol 2013 



Fate of Occluded SB 

MV stenting 

N=2227 

SB patent 

N=2040 (91.6%) 

SB occluded 

N=187 (8.4%) 

Restored 
spontaneously 

N=26 (14%) 

Occluded, No Tx 

N=44 (24%) 

SB ballooning 

N=88 (47%) 

SB occluded 

N=11 (13%) 

SB patent 

N=77 (87%) 

SB stenting 

N=29 (16%) 

SB occluded 

N=3 (10%) 

SB patent 

N=26 (90%) 

Persistent occlusion 

in 58/187 (31%) 

Hahn JY, Gwon HC, J Am Coll Cardiol 2013 



  
SB recovery 

 (n=129) 

No SB recovery 

 (n=58) 

Unadjusted HR 

(95% CI) 

  

p Value 

Death  2 (1.6) 8 (13.8) 9.18 (1.95-43.29) 0.005 

Cardiac death 2 (1.6) 5 (8.6) 5.63 (1.09-29.09) 0.04 

MI 2 (1.6) 2 (3.4) 2.33 (0.59-4.07) 0.40 

Cardiac death or MI 4 (3.1) 6 (10.3) 3.47 (0.98-12.31) 0.054 

Stent thrombosis* 4 (3.1) 2 (3.4) 1.18 (0.22-6.42) 0.85 

TLR 11 (8.5) 3 (5.2) 0.62 (0.17-2.23) 0.47 

MACE 14 (10.9) 9 (15.5) 1.48 (0.64-3.41) 0.36 

Fate of persistent SB occlusion 

Hahn JY, Gwon HC, J Am Coll Cardiol 2013 



  
SB recovery 

(n=129) 

No SB recovery 

(n=58) 

  

p Value 

Bifurcation location     0.65 

   Left main bifurcation 9 (7.0) 5 (8.6)   

   LAD/diagonal 84 (65.1) 40 (69.0)   

   LCX/OM 25 (19.4) 7 (12.1)   

   RCA bifurcation 11 (8.5) 6 (10.3)   

True bifurcation 94 (72.9) 45 (77.6) 0.49 

Jailed wire in the SB 92 (71.3) 31 (53.4) 0.02 

SB predilation before MV stenting 45 (34.9) 16 (27.6) 0.33 

Guidance of intravascular ultrasound 39 (30.2) 13 (22.4) 0.27 

MV stent diameter (mm) 3.0 (3.0-3.5) 3.0 (2.9-3.5) 0.62 

MV stent length (mm) 24.0 (20.0-30.0) 24.0 (20.0-32.0) 0.91 

MV stent maximal pressure (atm) 12.0 (10.0-15.5) 12.0 (10.0-14.0) 0.57 

MV stent to artery ratio 1.2 (1.1-1.3) 1.2 (1.1-1.4) 0.25 

Predictors of SB recovery 

Hahn JY, Gwon HC, J Am Coll Cardiol 2013 



• In COBIS II registry, the pre-procedural stenosis and lesion 

length of the SB, proximal MV stenosis, and clinical 

presentation were found to be predictive of SB occlusion after 

MV stenting. 

• The occlusion of sizable SB was associated with adverse 

outcome.  

• Jailed wire technique may be helpful to reopen the occluded 

side branches.  

 

Summary and Conclusions 



End of Presentation 



SB ostial stenosis after MV stenting 
is not functionally so significant than it looks. 

FFR  
P d 

P a 

=  

Koo BK, J Am Coll Cardiol 2005 



• Pre- and post-stenting IVUS for MV and SB (N=44) 
• Carina shift comprises 85% of SB os compromise 

Carina shift is the major mechanism 
of SB ostial anatomical compromise 

Xu J, Gwon HC, Circ CVI 2012 

Carina shift (mm3) Plaque shift (mm3) 



• Morphological SB ostial stenosis after MV stenting is not 

functionally so significant than it looks (Koo BK), because it is 

mostly due to carina shift (Xu J), which is not the major cause 

of functional compromise (Kang SJ). 
 

• Plaque shift comes mostly from the proximal MV (Xu J), which 

explains the plaque burden of proximal MV is the significant 

predictor of SB occlusion after MV stenting (Hahn JY). 

 

Whole Story of SB Compromise? 
Plaque shift vs. Carina shift,  


