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Some concerns regarding basic 
bifurcation anatomy 

Go	
  back	
  to	
  Murray’s	
  law	
  applied	
  to	
  angula3ons	
  
between	
  vessels:	
  

B	
  



In	
  summary:	
  the	
  smaller	
  SBs	
  occur	
  
at	
  LARGER	
  ANGLES;	
  

The	
  larger	
  the	
  side	
  branch	
  the	
  
SMALLER	
  is	
  distal	
  between	
  branch	
  

angle!	
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COMPLETE CARINA DISPLACEMENT 

CARINA CARINA 

angle α = 23 deg., cos α = 0.92 -> %DSpred = 92%;  observed %DS = 95% 

Vassilev	
  &	
  Gil,	
  J.	
  Interv.	
  Card.	
  2008	
  

Angle	
  alfa	
  



r	
  =	
  .85	
  

Correlation between predicted and 
observed SB compromise 

      %DS = COS α ;                    MLD = ds (1 – cos α)	
  



25,0020,0015,0010,005,00

FOLLOWUP, months

1,0

0,8

0,6

0,4

0,2

0,0

Cu
m 

Su
rvi

va
l

alpha > 40 degrees

alpha < 40 degrees

log-rank p = .007

Value of angle alfa and SB  size 

Vassilev, Gil et al. Polish Heart J. 2008 Gil R. et al. J. Interv. Card. 2008 

p = 0.031 



The	
  smaller	
  SB	
  reference	
  diameter	
  is	
  
independent	
  predictor	
  of	
  SB	
  occlusion!	
  





New classification of bifurcation lesions – based on 
risk of side branch occlusion and restenosis 
occurence in main vessel 

Vassilev, Gil et al. Polish Heart J. 2008 Gil R. et al. J. Interv. Card. 2008 

p = 0. 
 

I. SB < 2 mm II. SB > 2 mm 

A. α < 40° IA IIA 

B. α > 40° IB IIB 



ON	
  FLOUROSCOPY	
  

Model deformations 

B	
  

Vassilev	
  &	
  Gil	
  J.	
  Geriatr.	
  Card.	
  2008	
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DISPLACED	
  CARINA	
  

ON	
  FLOUROSCOPY	
  UNDER	
  MICROSCOPE	
  (MAGNIF.	
  100X)	
  

Model deformations 

Vassilev	
  &	
  Gil	
  J.	
  Geriatr.	
  Card.	
  2008	
  



Without	
   any	
   change	
   in	
   vessel	
   wall	
  
thickness	
   the	
   change	
   from	
   circular	
   to	
  
ellip3c	
   shape,	
   with	
   increase	
   in	
   one	
  
diameter	
   of	
   10%	
   will	
   result	
   in	
   25-­‐30%	
  
decrease	
  in	
  other	
  diameter	
  

I n	
   c a s e	
   o f	
   m i n ima l	
   p l aque	
  
accumula3on	
   there	
   will	
   be	
   a	
   50%	
  
stenosis	
  in	
  diameter	
  

If	
   the	
   plaque	
   is	
   squeezed	
   during	
  
ellip3cal	
  deforma3on	
  a	
  “significant	
  
stenosis”	
   will	
   appear,	
   because	
   of	
  
circular	
  redistribu3on	
  of	
  SB	
  (no	
  MB	
  
to	
  SB	
  shil!!!)	
  



*

Circula3on	
  Cardiovasc.	
  Interv.	
  2010	
  
Courtesy	
  of	
  dr.	
  Koo	
  

After stenting bifurcation carina is displaced,  
SB ostium is stretched and MV is straighten 
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Circula3on	
  Cardiovasc.	
  Interv.	
  2010.	
  Courtesy	
  of	
  dr.	
  Koo	
  

Data from PRESSURE study 



Three types of changes occur after main vessel 
stent placement: 
 
	
  
1. Carina displacement from stent strut/s 
 
2. Lateral stretching of SB ostium with ellipsoidal shaping and 

 inside wall invagination 
      → formation of lateral zones /recesses/ not visible on angio 
      → increase in proximal MV – SB angle 
 
3. Main vessel straightening  

How	
  SB	
  is	
  compromised?	
  



Carina length/mismatch concept 

Vassilev	
  et	
  al.	
  CMJ	
  2012	
  

Importance of carina length for extent of SB compromise	
  

Carina length excess Carina length deficit 



The role of the CL on deviation of observed 
SB compromise from expected according to 

cosine formula (84 pts, 92 bif’s) 
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8%	
  intraobserver	
  variability	
  

Plaque	
  shil	
  

30%	
  

Carina	
  deforma3on	
  
+	
  plaque	
  shil?	
  

13%	
  

Carina	
  deforma3on	
  

46%	
  

Vassilev	
  &	
  Gil	
  Kardiologia	
  Polska	
  2012	
  



CARINA	
  SHIFT	
  vs.	
  PLAQUE	
  SHIFT	
  

Carina	
  shiN	
  55%	
  

Plaque	
  shiN	
  45%	
  

Kang	
  et	
  al.	
  CCI	
  2013	
  doi:10.1002/ccd.24956	
  	
  



RESULTS: 
Bench tests revealed a complex change in the bifurcation region with carina displacement, SB lateral walls stretch and main vessel - SB 
proximal angle decrease after main vessel stent placement. In an angiographic analysis, actually measured SB% diameter stenosis was larger 
than expected in 35 (38%) lesions and the measured stenosis was smaller than expected in 49 lesions. Independent predictors of difference 
between theoretically predicted and observed SB stenosis were carina length mismatch (OR = 2.568, CI 1.336-4.896), main branch reference 
diameter (OR = 0.314, CI 0.101-0.972), and proximal main vessel - SB angle change after stenting (OR = 0.926, CI 0.870-0.985). In a plot 
comparing the values of carina length mismatch and deviations from the prediction in SB ostial stenosis, 30% (n = 27) of cases were located in 
a zone with a shorter carina and more SB compromise than expected, suggesting the role of plaque shift in these cases. 
 

CONCLUSIONS: 
The degree of SB jailing seems to be determined by carina deformation, the length of 
the carina, and plaque shifting. 



Current conclusions from the above 
data about SB compromise 

•  The	
  narrower	
   angle	
   alpha	
   –	
   angle	
   between	
  proximal	
  MV	
   and	
   SB,	
   the	
   larger	
   SB	
  

os3al	
  stenosis	
  aler	
  stent	
  placement	
  

•  Reasons	
   for	
   this	
   SB	
   compromise	
   are	
   carina	
   displacement,	
   SB	
   os3um	
   lateral	
  

stretching	
  and	
  change	
  in	
  os3al	
  shape	
  from	
  circular	
  to	
  ellip3c	
  (Vassilev	
  &	
  Gil	
  2008,	
  

Yang	
  2015)	
  

•  Extent	
   of	
   carina	
   displacement	
   and	
   side	
   branch	
   os3al	
   narrowing	
   aler	
   sten3ng	
  

depends	
   on	
   gene3cally	
   determined	
   length	
   of	
   the	
   carina,	
   plaque	
   volume	
   and	
  

distribu3on	
  at	
  SB	
  os3um	
  (SB	
  os3al	
  stenosis	
  before	
  sten*ng)	
  –	
  plaque	
  shil	
  (more	
  

correctly	
  –	
  SB	
  os3al	
  circular	
  plaque	
  redistribu3on)	
  occurs	
  in	
  about	
  40%	
  of	
  cases	
  	
  



•  While	
  carina	
  displacement	
  is	
  a	
  leading	
  deforma3on	
  for	
  SB	
  os3al	
  

stenosis	
  at	
  narrow	
  B	
  angle,	
  lateral	
  SB	
  stretching	
  plays	
  major	
  role	
  

at	
  larger	
  angula3ons	
  (larger	
  B	
  angles)	
  for	
  SB	
  os3al	
  narrowing	
  

•  The	
  sta3c	
  factor	
  (stent	
  strut	
  area	
  and	
  shape	
  at	
  SB	
  os3um)	
  will	
  

be	
   more	
   important	
   with	
   small	
   SBs	
   (size	
   <2mm	
   diameter)	
   as	
  

stent	
  area	
  became	
  larger	
  rela3ve	
  SB	
  os3al	
  area	
  	
  

Current conclusions from the above data 
about SB compromise 



•  The	
   EXACT	
   MECHANISM	
   of	
   SB	
   CLOSURE	
   is	
   pracTcally	
  

UNKNOWN.	
   It	
   is	
   possible	
   it	
   is	
   combinaTon	
   of	
   osTal	
  

stenosis	
   increase,	
   osTal	
   obstrucTon	
   from	
   stent	
   struts,	
  

osTal	
  dissecTon,	
   local	
   thrombosis	
   and	
  vessel	
   spasm.	
  The	
  

last	
   is	
   highly	
   possible	
   as	
   70%	
  of	
   all	
   occluded	
   acutely	
   SBs	
  

reopen	
  at	
  FU.	
  

Current conclusions from the above 
data about SB compromise 


