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Mapping	
   the	
  Cardiac	
  Acousteome:	
  Biosensing	
  and	
  Computa6onal	
  Modeling	
  Applied	
   to	
   Smart	
  Diagnosis	
  	
  	
  	
  	
  	
  
	
  	
  	
  and	
  Monitoring	
  of	
  Heart	
  Condi6ons	
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Mo6va6on 
q  Cardiac	
  Ausculta6on:	
  science	
  and	
  art	
  of	
  diagnosing	
  heart	
  condi6ons	
  

via	
  the	
  stethoscope	
  

q  Potent,	
  non-­‐invasive	
  diagnos6c	
  modality	
  limited	
  	
  by:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
o  incomplete	
  understanding	
  between	
  cause	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  (disease)	
  and	
  

effect	
  (sound)	
  
o  human-­‐in-­‐the-­‐loop	
  
o  sequen6al	
  (uni-­‐site)	
  measurement	
  technique	
  
o  high	
  level	
  of	
  noise	
  
o  large	
  array	
  of	
  heart	
  sounds	
  
o  declining	
  auscultatory	
  skills	
  [1]	
  

q  Vision:	
  Rescue	
   this	
   valuable	
  diagnos6c	
  modality	
   from	
  obsolescence	
  
by	
   deploying	
   new	
   tools	
   and	
   ideas	
   from	
   computa6onal	
   science,	
  
biosensing	
  and	
  signal	
  processing.	
  

Objec6ves 

Goal:	
  Develop	
  an	
  approach	
   to	
  automated	
   	
  heart	
   sound	
  measurement	
  
and	
  localiza6on	
  via	
  a	
  compact	
  acous6c	
  sensor	
  array	
  (the	
  “StethoVest”)	
  

1.  Develop	
  image-­‐based	
  computa6onal	
  hemoacous6c	
  models	
  (CHM).	
  

2.  Validate	
  CHMs	
  and	
  develop/test	
  genera6ve	
  (model	
  based)	
  sta6s6cal	
  
paRern	
   recogni6on	
   algorithms	
   for	
   abnormal	
   heart	
   condi6ons	
   using	
  
thoracic	
  phantoms.	
  

3.  Inves6gate	
  the	
  physics	
  of	
  murmurs	
  associated	
  with	
  aor6c	
  valve	
  (AV)	
  
disease	
  using	
  integra6ve	
  biosensing-­‐CHM	
  approach.	
  

4.  Evaluate	
   acousteome-­‐map	
   based	
   screening	
   for	
   hypertrophic	
  
obstruc6ve	
  cardiomyopathy	
  (HOCM)	
  

Impact 
q  Revolu6onize	
  the	
  management	
  of	
  heart	
  disease	
  
o  Inexpensive,	
  non-­‐invasive,	
  accurate	
  
o  Screening	
  of	
  wide	
  range	
  of	
  heart	
  condi6ons	
  
o  24/7	
  con6nuous,	
  at-­‐home	
  health	
  monitoring	
  
o  Deployable	
  in	
  rural	
  and	
  underserved	
  areas	
  
o  Leverages	
  telemedicine,	
  bioinforma6cs	
  &	
  wearable	
  sensor	
  revolu6on	
  	
  
o  Health	
  care:	
  	
  	
  reac6ve,	
  expensive	
  and	
  hospital-­‐centric	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  è	
  smart,	
  proac6ve,	
  pa6ent-­‐centric	
  and	
  cost-­‐e
ffec6ve	
  

q  Advance	
   medicine,	
   mechanics	
   and	
   modeling,	
   compu6ng,	
   electrical	
  
engineering,	
  biosensing,	
  and	
  BIGDATA	
  science.	
  

q  Training	
   of	
   undergraduates,	
   graduate	
   students	
   and	
   postdocs	
   in	
   a	
  
highly	
  cross-­‐disciplinary	
  environment	
  

Technical	
  Approach 

High-­‐Fidelity	
  Hemoacous6c	
  Modeling	
  and	
  Simula6on 

• 	
  Biophysics	
  of	
  ausculta6on	
  involves	
  
•  flow	
  perturba6on	
  
•  propaga6on	
   of	
   acous6c	
   wave	
   through	
  

thorax	
  	
  (lung,	
  bone,	
  muscle,	
  fat)	
  	
  
•  sensing	
  by	
  stethoscope	
  

• Integrated	
   mul6physics	
   analysis	
   required	
   to	
  
understand	
  the	
  physical	
  based	
  of	
  ausculta6on 
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Experimental	
  Study	
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Computa6onal	
  Modeling 
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  model	
  for	
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Flow	
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  results	
  are	
  su
pplied	
  as	
  BC	
  or	
  source	
  term 

Sound	
  Measurement,	
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Bioinspired	
  Source	
  localiza6on	
  using	
  Gradient	
  Flow	
  (GF)	
  [3] 
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