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1.	
  Atelectasis	
  



Halter	
  et	
  al,	
  Am	
  J	
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  Crit	
  Care	
  Med	
  2003	
  



Bendixen	
  et	
  al.	
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  Engl	
  J	
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Atelectasis,	
  Cytokines	
  &	
  Injury	
  	
  



Chiumello	
  et	
  al,	
  AAJRCCM	
  1999	
  

Hi	
  VT,	
  Low	
  PEEP	
  è	
  High	
  Circula(ng	
  Mediators	
  

BUT:	
  	
  Low	
  VT,	
  Low	
  PEEP	
  è	
  High	
  Mortality	
  



Before	
  
Recruitment	
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Aber	
  
Recruitment	
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In	
  atelectasis,	
  where	
  does	
  the	
  injury	
  occur?	
  

Dependent	
  
(Atelecta(c)	
  

Non-­‐Dependent	
  
(Aerated)	
  



Am	
  J	
  Respir	
  Crit	
  Care	
  Med	
  2006	
  

Non-Injurious    Injurious    

Non-Injurious    Injurious    



	
  
Atelectasis	
  causes	
  (dal	
  volume	
  to	
  be	
  
distributed	
  to	
  aerated	
  regions:	
  	
  

	
  
•  Overstretch	
  
•  Inflamma(on	
  

	
  



2.	
  Genes	
  



Am	
  J	
  Respir	
  Crit	
  Care	
  Med	
  2003	
  



Ngiam	
  et	
  al,	
  AJRCCM	
  	
  2010	
  

Egr1+/+	
  

Egr1-­‐/-­‐	
  	
  	
  	
  	
  

What	
  happens	
  if	
  Egr1	
  Gene	
  Deleted?	
  



Compliance	
  Impairment	
  

PGE2	
  Receptor	
  
Blocker	
  

Control:	
  No	
  
Blocker	
  

AJRCCM	
  2010	
  



	
  
At	
  least	
  some	
  genes	
  are	
  over	
  (or	
  
under)	
  expressed	
  in	
  lung	
  injury:	
  	
  

	
  
•  Inhibit	
  injurious	
  products	
  
•  Augment	
  protec(ve	
  products	
  



3.	
  Circula(ng	
  
Mediators	
  



Non-Recirculating 
 Perfusate 

Lung 



Non-Recirculating 
 Perfusate 

Recirculating 
 Perfusate 

Lung Lung 



Stretch	
  

Mediators	
  



Confirma(on	
  by	
  ‘Transplanta(on’	
  	
  

•  Ven(late	
  with	
  High	
  or	
  Low	
  VT	
  
•  Collect	
  &	
  store	
  perfusate	
  
•  Use	
  it	
  next	
  day	
  –	
  Low	
  VT	
  ven(la(on	
  



Mediators	
  



	
  
Circula(ng	
  mediators	
  cause	
  injury:	
  	
  

	
  
•  Inhibit,	
  antagonize	
  
•  Remove	
  	
  

	
  



4.	
  Age	
  



Am	
  J	
  Respir	
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  Care	
  Med	
  2004	
  

Mediator	
  Responses	
  
Adult	
  >	
  Infant	
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  Am	
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Neonate	
  

Adult	
  

Expira(on	
  

Expira(on	
  

Inspira(on	
  

Inspira(on	
  



The	
  very	
  young	
  …	
  



PLoSOne	
  2011	
  

Day7	
  
Control	
  

Day8	
  
Control	
  

Day7	
  
Ven(lated	
  

12	
  h	
  

Day7	
  
Ven(lated	
  

24	
  h	
  



PLoSOne	
  2011	
  

Why	
  does	
  Mechanical	
  Ven(la(on	
  inhibit	
  Alveolar	
  Development?	
  

Day-­‐7,	
  Control	
   Day-­‐7,	
  Vent	
  12h	
  

Day-­‐7,	
  Vent	
  24h	
   Day-­‐8,	
  Control	
  

	
  …	
  BrdU	
  Staining	
  



	
  
Lower	
  age	
  is	
  good	
  for	
  you	
  	
  

	
  
•  Less	
  injury	
  
•  BUT,	
  more	
  impact	
  on	
  development	
  	
  

Can’t	
  ‘stay	
  young’	
  …	
  can	
  learn	
  from	
  the	
  age-­‐differences 



5.	
  Novel	
  Enzymes	
  



Sheddase	
  in	
  Ac(on	
  

J	
  Physiol	
  2014	
  



Blocking	
  Sheddase	
  –	
  in	
  vivo	
  

Protein	
  Leak	
  

J	
  Physiol	
  2014	
  



Sheddase	
  contributes	
  to	
  VILI	
  and	
  
can	
  poten(ally	
  be	
  inhibited	
  



6.	
  Neutrophil	
  NETs	
  



Anesthesiology	
  2015	
  

Citrullinated	
  Histone	
  
co-­‐localized	
  with	
  DNA	
  

in	
  lung	
  injury	
  …	
  

High	
  VT	
  +	
  Vehicle	
   High	
  VT	
  +	
  LPS	
  

Citrullinated	
  	
  
Histone	
  

Citrullinated	
  	
  
Histone	
  

+	
  
DNA	
  

BUT	
  …	
  blockade	
  of	
  
NET	
  forma(on	
  –	
  no	
  
impact	
  on	
  injury	
  



NETS	
  occur	
  in	
  VILI	
  but	
  do	
  not	
  
contribute	
  to	
  the	
  injury	
  



7.	
  Local	
  Factors	
  



Anesthesiology	
  2016	
  

Acid	
  Aspira(on	
  



Anesthesiology	
  2016	
  

No	
  Primary	
  Injury	
  



Conclusions	
  …	
  
Prevent/Reverse	
  Atelectasis	
  

Inhibit/Augment	
  Gene	
  Products	
  

Remove/Inhibit	
  Circula(ng	
  Mediators	
  

Remain	
  young	
  (or	
  old)	
  

Block	
  Sheddase	
  

Treat	
  the	
  Lungs	
  Gently,	
  Understand	
  the	
  Mechanisms	
  

Role	
  of	
  NETs	
  unclear	
  

Local	
  Factors	
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