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DAY 0: 26-yr old comatose (GCS=4) patient 
with Brain and Pulmonary Contusions 

 
• Vt=550 mL [PBW=72.5 kg]; 7.6 mL/kg PBW 
• RR=20/min 
• FiO2=1.0 
• PEEP = 8 cmH2O 
• Pplateau = 37 cmH2O; ΔP = 31 cmH2O 
• PaO2= 63 mmHg; PaCO2 = 50 mmHg; 
• pHa = 7.25 
• MAP=60 mmHg; Norepi=13.3 μg/min 
• Midazolam, Propofol, Remifentanil 

 



CT IMAGING ON ADMISISON 



Targets 
ARDS  
• Gas Exchange 
• Lung but also RV PROTECTION 
 
Traumatic Brain Injury (TBI) 
• Maintain CPP within 60-70 mmHg 
• ICP <20 mmHg  
• PREVENT SECONDARY INSULTS 



Anesthesia & NMBs 



DAY 1: 26-yr old patient with Brain and 
Pulmonary Contusions 

• Vt=500 mL [PBW=72.5 kg]; 6.8 mL/kg PBW 
• RR=25/min 
• FiO2=1.0 
• PEEP = 8 cmH2O; 
• Pplateau = 32 cmH2O; ΔP = 24 cmH2O 
• PaO2= 49 mmHg; PaCO2 = 44 mmHg; 
• pHa = 7.30 
• ICP=28 mmHg; MAP=84 mmHg 

 



 





Ventilatory Settings 

• SEVERE ARDS?  
• Mortality >50%  
• Lung weight >1.8 kg 
• Mechanical ventilation ∼ 19 days 
• ↑ PEEP to prevent lethal hypoxemia in the 

absence of Pneumothorax or ↑ Vt? 
• ↓↓ ΔP = Pplateau – PEEP [=Vt/Crs] 



LUNG: What do we need to avoid? 

• Hypoxemia 
• Ventilator-associated Lung Injury 
• MOF and Death 



AJRCCM 1998;157:294–323 



 
Atelectasis and Distribution of Mechanical Stress 

Eur Respir J Suppl. 2003;47:15s-25s.  

J Appl Physiol 2007;103:1796-1807 



ARDS and End-Organ Injury 
 Imai et al. JAMA 2003;289:2104-12 

            PROTECTIVE                                        TRAUMATIC  



BIOTRAUMA 
ICM 2004;30:1865-72 



 
Vt 6mL/kg –  

Pplateau ≤30 cmH2O - 
 PEEP 8-24 depending on FiO2 

level for SpO2 >90%  
N=432; 6mL/kg vs. N=429; 12mL/kg 
NEJM 2000;342:1301-8 



Most frequent Vt for 
PaCO2 control 



Gattinoni – Lung Recruitment 

• Recruitable Lung < 9% Lung Weight:  PEEP ≤ 10 
• Recruitable Lung > 9% Lung Weight: PEEP ≥ 15 

N Engl J Med 2006;354:1775-86. 



  High PEEP + RMs 





PEEP=15 vs. PEEP=9 
JAMA 2010;303:865-73 





Paw-Pes>5-10 



DAY 4: 26-yr old patient with Brain 
and Pulmonary Contusions 

• Vt=480 mL [PBW=72.5 kg]; 6.6 mL/kg PBW 
• RR=28/min 
• FiO2= 1.0 
• PEEP = 20 cmH2O; 
• Pplateau = 43 cmH2O; ΔP = 23 cmH2O 
• PaO2= 46 mmHg; PCO2 = 49 mmHg; 
• pHa = 7.32 
• ICP=29 mmHg; MAP= 63 mmHg 
• FAILURE OF SUPINE CV 

 



 



Transgastric TEE View: IVS and its Leftward Shift caused by 
PEEP increase 

Curr Opin Crit Care 2011;17:30-5 



 



PaO2/FiO2 = 64 mmHg HFO-TGI trial 
P/F = 96.5 mmHg 



Mentzelopoulos et al Eur Respir J 2012; 39:635-647.  



HFO-RMs combined with Tracheal 
Gas Insufflation (TGI) 

•mPaw = CMV mPaw + 10-15 cmH2O 

•F ~ 3.5 Hz→Vt ~ 200-250 mL (~3.0-3.5 mL/Kg PBW) 

•ΔP = 80-90 cmH2O 

•Cuff leak = 3-5 cmH2O 

•Bias flow = 60 L/min 

•TGI ~ 7 L/min 



Low Frequency, high Bias Flow/ΔP HFO-
TGI with cuff leak 

• May also ↓ Right Ventricular stress compared 
to HFO mainly by: 

   1] Augmenting Ventilation Pressure Drop at 
the level of the Trachea   

                        and  
   2] Improving CO2 clearance 
 
•    A Vt of ~ 200-250 mL should still be     
      considered as lung protective 



HFO-TGI 

HFO-TGI 

mPaw of approx. 
30 cmH2O, 
corresponding to 
a Mean Tracheal 
Pressure of 24-25 
cmH2O 

HFO-TGI 

HFO-TGI 



 

 Vrettou et al 2013 Crit Care 2013;17:R136.  





   LUNG REPLACEMENT 
THERAPY TO PROTECT 

THE LUNG??? 



ECMO OR ECCO2R  

Rationale:  
• ↓ Lung Mechanical Stress &  
• Adequate Gas Exchange 
• ANTIGOAGULATION RISK OF 

HEMORRHAGE = SEVERE LIMITATION 
IN TRAUMA 
 



ECCO2R 

• APTT 50 – 60 s [Heparin 200-600 IU/h] OR  
• ACT 130 – 150 s (normal: 107s ± 13 s) 
Bein et al CCM 2006;34:1372-7: 
• 90 Patients with Severe ARDS 
At 2 h: 
• PaCO2 60 → 36 mmHg 
• PaO2 58 → 82 mmHg 



Potentially Lethal Pnaumonia 



ECMO 







 

ΔP ∼ 11 cmH2O  











    CHOSEN STRATEGY: 
HFO-TGI + RMs 

12-24 h sessions for 6 days: mPaw 40 to 30 
cmH2O; f=3.5 -4Hz; Cuff leak; 

Qbias=60L/min; TGI flow, 6-7 L/min 
+ Antibiotics + Anesthesia + NMB 

• PaO2= 100-300 mmHg; PCO2 = 35-40 mmHg; 
• pHa >7.35; ICP<20 mmHg; MAP>70 mmHg 

 
 



DAY 10: 26-yr old patient with Brain 
and Pulmonary Contusions 

• Vt=480 mL [PBW=72.5 kg]; 6.6 mL/kg PBW 
• RR=32/min 
• FiO2= 0.7 
• PEEP = 16 cmH2O; 
• Pplateau = 29 cmH2O; ΔP = 13 cmH2O 
• PaO2= 207 mmHg; PCO2 = 39 mmHg; 
• pHa = 7.42 
• ICP=12 mmHg; MAP=75 mmHg 

 



Conclusion: Strategy must achieve 

• BALANCE BETWEEN CONFLICTING 
PATHOPHYSIOLOGY OF THE LUNG 
VS. RV / BRAIN 

MUST PREVENT DEATH DUE TO 
• HYPOXEMIA …BUT ALSO DUE TO 
• UNCONTROLLED ICP, AND 
• RV FAILURE 
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