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Introduction
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Ventilator-­‐associated	
  Lung	
  Injury	
  (VALI)

Definition:	
  Lung	
  damage	
  caused	
  by	
  application	
  
of	
  positive	
  or	
  negative	
  pressure	
  to	
  the	
  lung	
  by	
  
mechanical	
  ventilation.



Mechanisms of VALI
Volutrauma:	
  Damage	
  caused	
  by	
  alveolar	
  over-­‐
distension.	
  High	
  volume	
  causes	
  injury	
  

Barotrauma:	
  High	
  pressure	
  induced	
  lung	
  damage	
  

Similar	
  histological	
  appearance,	
  high-­‐permeability	
  
pulmonary	
  oedema	
  in	
  uninjured	
  lung	
  &	
  exacerbated	
  
damage	
  in	
  injured	
  lung	
  (0LV)	
  



Mechanisms	
  of	
  VALI

Atelectotrauma:	
  Lung	
  injury	
  associated	
  with	
  repeated	
  
recruitment	
  and	
  collapse.	
  

Theoretically	
  prevented	
  by	
  using	
  a	
  level	
  of	
  positive	
  end-­‐
expiratory	
  pressure	
  (PEEP)	
  greater	
  than	
  the	
  lower	
  
inflection	
  point	
  of	
  the	
  pressure	
  volume	
  curve



BJA 2004

Volutrauma

Atelectrauma



CCM 2004





Conventional vrs. Protective ventilation 
in patients with ARDS

Protective:	
  Tidal	
  volume	
  about	
  4-­‐6ml/kg	
  

Accept	
  hypercarbia	
  

Conventional:	
  Tidal	
  volume	
  of	
  10ml/kg	
  	
  

maintain	
  a	
  normocarbia









Transpulmonary	
  pressure





What we know from ICU literature:

1	
  Non-­‐physiological	
  ventilation	
  in	
  healthy	
  lungs	
  induces	
  ALI.	
  
2	
  Protective	
  lung	
  ventilation	
  in	
  patients	
  with	
  ALI/	
  ARDS	
  

improves	
  outcome.	
  
3	
  VALI	
  has	
  important	
  implications	
  remote	
  to	
  the	
  lungs	
  and	
  

may	
  be	
  associated	
  with	
  significant	
  morbidity	
  and	
  
mortality.



Intraoperative lung-protective 
ventilatory strategies in thoracic  

Anaesthsia 



AIMS: to decrease the extent of injury : 
Acute	
  respiratory	
  distress	
  syndrome	
  (ARDS)	
  
Acute	
  Lung	
  injury	
  (ALI)	
  
Atelectasis	
  	
  
Pneumothorax	
  

Kilpatrick	
  B,	
  Slinger	
  P.	
  Lung	
  protective	
  strategies	
  in	
  anaesthesia.	
  Br	
  J	
  Anaesth	
  2010;	
  105(S1):	
  
i108-­‐i116



Spontaneous	
  ventilation	
  or	
  positive	
  pressure	
  
ventilation

• Sedation	
  with	
  face	
  mask/LMA/ETT	
  and	
  SV	
  

• Plan	
  in	
  place	
  to	
  convert	
  to	
  PPV





Bronchial blocker or DLT

BBs provided equivalent surgical exposure to left-
sided DLTs during left-sided open or video-
assisted thoracoscopic surgery thoracic 
procedures. 

However BBs required longer to position. 

Narayanaswamy, McRae, Slinger, Dugas, Roscoe,  Lacroix ; Choosing a Lung Isolation Device for 
Thoracic Surgery: A Randomized Trial of Three Bronchial Blockers Versus Double-Lumen Tubes: 
Anaesthesia & Analgesia:  April 2009 - Volume 108 - Issue 4 



Reducing VT (4-6ml/kg vrs 
8-10ml/kg)

• Ferna´ndez-Pe´rez ER. Intraoperative tidal volume as a risk factor for 
respiratory failure after pneumonectomy. Anesthesiology 2006; 105: 14–8

• Licker M, de Perrot M, Spiliopoulos A, et al. Risk factors for acute lung 
injury after thoracic surgery for lung cancer. Anesth Analg 2003; 97: 
1558–65

• Licker M, Diaper J, Villiger Y, et al. Impact of intraoperative lungprotective 
interventions in patients undergoing lung cancer surgery. Crit Care 2009; 
13.R41

•  Michelet P, D’Journo XB, Roch A, et al. Protective ventilation influences 
systemic inflammation after esophagectomy: a randomized controlled 
study. Anesthesiology 2006; 105: 911–9



Low TV and PEEP

During OLV, lowering VT and increasing PEEP, 
with the same low plateau pressure, reduced 
oxygenation compared with larger VT (8ml/kg) 
and lower PEEP. 

Roze´, Lafargue, Perez et al : Journal of Anaesthesia 108 (6): 1022–7 (2012)



How much PEEP?

PEEP minimises lung collapse and prevents the repeated 
opening and collapse of lung units, but impairs intraoperative 
oxygenation during OLV, by increasing  pulmonary vascular 
resistance and  a shift of blood flow to the non-dependent lung.

Optimal PEEP to maintain oxygenation after reduction in VT  
during OLV remains unknown.

Slinger PD, Hickey DR. The interaction between applied PEEP and auto-PEEP during one-lung 
ventilation. J Cardiothorac Vasc Anesth 1998; 12: 133–6



PROTHOR trail 

Protective Ventilation with higher versus Lower 
PEEP during one lung ventilation for thoracic 
surgery





Outcomes



Results	
  for	
  using	
  lung	
  protective	
  strategies

Abdominal	
  surgery	
  slight	
  benefit	
  

Cardiac	
  surgery	
  equivocal	
  	
  

Thoracic	
  surgery	
  shows	
  clear	
  benefit



Intraoperative	
  lung-­‐protective	
  ventilatory	
  
strategies	
  

• Tidal	
  volumes	
  	
  5-­‐7ml/kg	
  	
  	
  

• Limit	
  plateau	
  airway	
  pressures	
  to	
  25	
  cmH20	
  

• PEEP	
  	
  of	
  5	
  cm	
  H2O	
  to	
  patients	
  without	
  auto-­‐
PEEP.	
  	
  

• COPD	
  	
  patients	
  pressure-­‐control	
  ventilation	
  in	
  
stead	
  of	
  volume-­‐controlled	
  ventilation.	
  	
  

Unzueat	
  MC,	
  Casas	
  JI,	
  Moral	
  MV.	
  Anesth	
  Analg	
  2007;	
  104:1029-­‐33	
  



Questions





Picken, Myburgh :The use of intraoperative transoesophageal echocardiography as a monitor for  
haemodynamic instability during pulmonary hydatid cyst; SAJAA Vol 19, No 3 (2013)



Thank	
  you



Meta-­‐analysis:	
  Intraoperative	
  
ventilatory	
  strategies	
  to	
  prevent	
  

postoperative	
  pulmonary	
  
complications	
    

Hemmes	
  SN,	
  Serpa	
  Neto	
  A,	
  Schultz	
  MJ.	
  Intraoperative	
  ventilatory	
  strategies	
  to	
  prevent	
  
postoperative	
  pulmonary	
  complications:	
  a	
  meta-­‐analysis.	
  Curr	
  Opinion	
  anaesthesiol.	
  
2013	
  Apr;26(2):126-­‐33.	
  



Meta-­‐analysis	
  also	
  showed	
  a	
  decrease	
  in	
  lung	
  
injury	
  development	
  (RR	
  0.29;	
  95%	
  CI	
  
0.14-­‐0.60;	
  I	
  0%;	
  NNT	
  29),	
  pulmonary	
  infection	
  
(RR	
  0.62;	
  95%	
  CI	
  0.40-­‐0.96;	
  I	
  15%;	
  NNT	
  33)	
  and	
  
atelectasis	
  (RR	
  0.61;	
  95%	
  CI	
  0.41-­‐0.91;	
  I0%;	
  
NNT	
  29)	
  in	
  patients	
  ventilated	
  with	
  higher	
  
levels	
  of	
  PEEP,	
  with	
  or	
  without	
  recruitment	
  
maneuvers.



Number	
  Needed	
  To	
  Treat	
  (NNT)

Lower	
  TV:	
  Decrease	
  in	
  lung	
  injury	
  development	
  

:	
  NNT=37	
  	
  

Higher	
  PEEP:	
  Decrease	
  in	
  lung	
  injury	
  
development:	
  NNT	
  =	
  29	
  

Higher	
  PEEP:	
  Prevention	
  of	
  pulmonary	
  
infection	
  :NNT	
  =	
  33	
  

Higher	
  PEEP:	
  Prevention	
  of	
  atelectasis	
  :NNT=29



Conclusion

Use	
  lung	
  protective	
  strategies	
  in	
  the	
  sick	
  

Numbers	
  Needed	
  to	
  Harm	
  (NNH)	
  

Beware	
  of	
  hypo-­‐ventilation	
  and	
  hypercapnoea	
  


