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Can	
  a	
  compartmental	
  model	
  be	
  used	
  to	
  estimate	
  key	
  
physiological	
  parameters?

• Forward	
  Model	
  simulates	
  data	
  given	
  model	
  
parameters	
  (Fig.	
  2)

• Inverse	
  Model	
  determines	
  least	
  squares	
  estimates	
  of	
  
model	
  parameters	
  given	
  data	
  (Fig.	
  3)

• Implemented	
  in	
  MATLAB

• Acute	
  Lung	
  Injury	
  (ALI)
• Results	
  from	
  exposure	
  to	
  high	
  oxygen,	
  

pneumonia,	
  sepsis,	
  radiation	
  injury,	
  …
• Acute	
  Respiratory	
  Distress	
  Syndrome	
  (ARDS)
• 200,000	
  patients	
  per	
  year	
  in	
  U.S.	
  	
  	
  
• 40%	
  mortality	
  rate

• Ultimate	
  Goal:	
  develop	
  noninvasive,	
  early	
  
identification	
  and	
  monitoring	
  strategies

• Hyperoxia*	
  rat	
  model	
  (*exposure	
  to	
  100%	
  oxygen)
• Radiolabeled	
  probe:	
  hexamethylpropylenamine

oxime	
  (99mTc-­‐HMPAO)
• Retained	
  more	
  in	
  injured	
  lungs	
  than	
  normal	
  (Fig.	
  1)
• What	
  biological	
  mechanism	
   increases	
  uptake?	
  
• What	
  biological	
  pathway	
  should	
  be	
  targeted	
  for	
  

therapy?

𝐿𝐴𝐶 = 𝑉&(𝑄)+𝑄+) +𝑉- 𝑄. + 𝑄/

𝑑(𝑉& 1 𝑄))
𝑑𝑡 = 𝐹(𝑄4 − 𝑄)) − 𝑄)𝑘789𝑉& + 𝑄+𝑘/𝑉& + 𝑃𝑆 𝑄. −𝑄)

• Each	
  parameter	
  has	
  a	
  different	
  effect	
  on	
  LAC (Fig.	
  4-­‐6)	
  

• Different	
  combinations	
  of	
  PS and	
  kGSHc can	
  give	
  the	
  same	
  LAC
(Fig.	
  7,	
  9)	
  

• No	
  substantial	
  change	
  in	
  LAC for	
  PS >	
  ~1	
  (Fig.	
  10)	
  

• Error	
  in	
  Parameter	
  Estimation:
• Higher	
  when	
  (kGSHc/PS)	
  >1
• Changing	
  flow	
  does	
  not	
  

increase	
  error
• Parameters	
  are recoverable
• 3%	
  <	
  Error	
  <	
  7%

• (Fig.	
  8)

• Uptake	
  is	
  barrier	
  dependent	
  
• PS <	
  Flow	
  (Fig.	
  11)
• LAC over	
  normalized	
  time	
  have	
  different	
  shapes,	
  thus	
  they	
  

are	
  dependent	
  on	
  more	
  than	
  Flow

• Unique	
  estimation	
  of	
  parameters	
  may	
  not	
  be	
  possible	
  with	
  
compartmental	
  model.	
  

• To	
  identify	
  parameters	
  uniquely:	
  
1. Impose	
  constraints	
  
2. Repeat	
  experiments	
  under	
  different	
  conditions

• PS and	
  kGSHc values	
  may	
  be	
  useful	
  for	
  targeted	
  therapy	
  for	
  ALI

• NEXT	
  STEPS:
• Simulate	
  data	
  with	
  a	
  more	
  realistic	
  PDE	
  model	
  and	
  

determine	
  ability	
  of	
  compartmental	
  ODE	
  model	
  to	
  
accurately	
  estimate	
  parameters

• Test	
  model	
  results	
  on	
  experimental	
  data
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Model	
  Development
• Instantaneous	
  mixing	
  in	
  each	
  

compartment
• ODEs	
  developed	
  using	
  mass-­‐balance	
  

and	
  flux	
  principles
• System	
  of	
  6	
  ODEs	
  describing	
  

concentration	
  of	
  99mTc-­‐HMPAO	
  in	
  
each	
  compartment
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