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Po J et al JASE 2015 



Klues HG Circ 1991 

Anomalous papillary muscle inserts directly into the middle of anterior leaflet 



Anomalous papillary muscle inserting into the mid-anterior mitral 
leaflet causing obstruction by impacting the septum  

 







•  What causes LVOT obstruction?  
 
•  What’s in our tool chest? How do the available 

treatments work?  

•  We can:  

•  Decrease LV ejection acceleration, and decrease the 
pushing force on the mitral valve. 

•  Separate the inflow (mitral) and outflow portions of the 
LV…. either by redirecting flow anteriorly away from 
the mitral valve or by dropping the mitral valve in the 
LV cavity.   

•  Increase chordal restraint on the mitral valve and 
decrease slack. 

•  Stiffen the mitral anterior leaflet. 
  



•  There is asymmetric redirection of flow in the LV because 
of the looped shape of the vertebrate heart,. 

•  The loop forces blood to travel back on itself with a 180 
degree turn between the AV and the semilunar valves. 

Kilner PJ et al Asymmetric redirection of flow 
through the heart. Nature 2000 

•  Looped flow is prone to fail 
because of relatively small 
anatomic perturbations.  

•  SAM is caused by an overlap 
of the inflow and outflow 
portions of the LV that only 
occurs because of 
developmental looping. 

“Loop Failure” 



•  Septal bulge 
•  Mitral valve papillary 
muscles and leaflets are 
anteriorly positioned. 
•  MV relatively large. 
•  Residual portions of the 
leaflets extend past the 
coaptation point and 
protrude into the outflow 
tract. 

Anatomic Substrate  



    SAM begins at low velocity, JACC 2000  
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Mitral Valve Area is Increased in HCM 

Klues HG, Maron Circ 1992 



The Nightcap Mitral Valve 
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Ejection Flow in a Normal: 
Vector Flow Map= VFM 
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Ro R et al, JACC 2014 







 
 
 
 
Flow drag triggered,  
 
  
 
 

       



Three necessary conditions for SAM:  

•  Anterior position of the mitral coaptation plane (which 
puts the valve into the edge of the outflow stream),  

•  A positive angle of attack between outflow and the 
protruding leaflet. In OHCM this is caused by the septal 
bulge which displaces LV flow posteriorly and laterally, 
and 

 

•  Chordal slack. 

  
               SAM begins at low LVOT velocity in OHCM, JACC 2006 



Levine R, Circulation 1995               Sherrid M, JACC 1993, 2000, Circ 1998 



Reflections of Inflections. JACC  2009  
























