
















Assessment of Pulmonary Morphology in ALI 
Significance of Lower Inflection Point in the P-V Curve 

Vieira S.R. et al. Am J Resp Crit Care Med 1999; 159:1612-1623 

Overdistension 

LIP + 2 cmH2O LIP + 7 cmH2O ZEEP 
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The Concept of Recruitment and PEEP 

optimal-PEEP 

recruited vol. 

Pelosi P. et al. Crit Care. 2010;14(2):210 



Respiratory and hemodynamic changes during 
decremental open lung PEEP titration in ARDS 

 Gernoth W.  et al. Critical Care 2009, 13:R59 

Right ventricular Tei index [%] 

39±11 
42±10 

36±11 

Before 

During RM 

After 



ARDS-related 
•Focal vs. non focal 
•Early vs. Late 
•Severe vs. moderate 
•Lung recruitability 
•Associated vasoactive drugs 
 
Post-RM strategy 
•Post-RM PEEP 

Factors potentially involved in the variability of 
the response to recruitment maneuvers in ARDS 

RM-related 
• Type of RMs 
• Distribution of perfusion 
• Transpulmonary pressure 
• Timing of application 
• Patient positioning 

Guerin C et al. Annals of Intensive Care 2011, 1:9 

Keenan JC et al Curr Opin Crit Care. 2014 Feb;20(1):63-8 

Rocco PR et al. Expert Rev Respir Med. 2010 Aug;4(4):479-89. 



Recruitment in ARDS ? 

WHY NOT ? 
• Improves oxygenation 
• Improves respiratory mechanics 
• Increases lung volume/reduces atelectasis 
• Not associated with major adverse effects 

• Before PEEP setting – Prone Position 
• After dysconnection from MV or suctioning 
• Rescue maneuvre 
 

WHEN ? 

Pelosi P. et al Crit Care. 2010;14(2):210  
Pelosi P. et al. Curr Opin Crit Care. 2011 Jun;17(3):268-74 
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ICM 2003,29:218 

CCM 2001, 1255: 1260 

Kiss T. & Pelosi P. Recruitment Techniques, Oxford Textbook 2014 

Recruitment Maneuvers for ARDS: 
Different Techniques 



Evaluation of lung recruitment maneuvers in ARDS 
using computer simulation 
Das A et al. Critical Care (2015) 19:8 



Silva P.L. et al. Crit Care Med  2011 May;39(5):1074-81 

Effects of Pressure Profile and Duration of RM  
on Lung Morpho-functional and Biological impact 

 in Experimental Lung Injury  



30 s 

30 cmH2O 30 cmH2O 

Fast versus slow RM 
Rocco PRM, de Abreu  MG, Marini JJ and Pelosi P 



Courtesy of V. N. Okamoto, J. B. Borges, and M. B. P. Amato 

Rationale for Slow Recruitment Maneuvres in ARDS 



How to Perform a Recruitment Maneuvre in ARDS 

De Matos  G.F.J. et al. Critical Care 2012, 16:R4 
Pelosi P et al. Curr Opin Crit Care. 2011 Jun;17(3):268-74 

Chiumelllo D et al. Minerva Anestesiol. 2015 Apr 17. [Epub ahead of print] 
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Chiumello D. et al. Crit Care Med 2014; 42:252–264 

Bedside Selection of PEEP in Mild, Moderate, and Severe 
Acute Respiratory Distress Syndrome 



Gas exchange and lung mechanics in patients with 
ARDS: Comparison of three different strategies of 

PEEP selection 
Valentini R. et al. Journal of Critical Care 30 (2015) 334–340 

ARDS Table 
(low PEEP) 

Best compliance Express 

54 ml/cmH2O 59 ml/cmH2O 46 ml/cmH2O 

PEEP 8  
cmH2O 

PEEP 13  
cmH2O 

PEEP 17  
cmH2O 

CL 

SI >1.1 SI <1.0 SI =1 



Amato M.B.P. et al. N Engl J Med 2015;372:747-55. 

Driving Pressure and Survival in the Acute 
Respiratory Distress Syndrome 



 Ultrasonography in ICU: Lung, Heart, & Volemia 

Pelosi P. et al. Anesthesiology 2012, 117(4):696-698 
Bouhemad B. et al. Anesthesiology 2015; 122:437–47 



Mechanical Ventilation Guided by Electrical Impedance 
Tomography in Experimental Acute Lung Injury 

Wolf G.K. et al. Crit Care Med 2013; 41:1296–1304 

EIT Guided Standard 
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Effects of alveolar RMs on clinical outcomes in patients 
with ARDS: a systematic review and meta-analysis 

Suzumura E.A. et al. Intensive Care Med (2014) 40:1227–1240 



Rationale, study design, and analysis plan of the 
Alveolar Recruitment for ARDS Trial (ART): Study 

protocol for a randomized controlled trial 
The ART Investigators Trials 2012, 13:153 

V  ART is a pragmatic, multicenter, 
randomized (concealed) controlled trial  

 
V To determine if maximum stepwise 

alveolar recruitment associated with 
PEEP titration is able to increase 28-day 
survival in patients with ARDS compared 
to conventional treatment (ARDSNet 
strategy).  

 
V ARDS of less than 72 h duration 

(moderate to severe at PEEP 10 cmH2O 
or higher ) 

 
V 520 deaths with 28 days observed 
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Conclusions 
•  Alveolar Recruitment is variable among  ARDS patients 
 
•    RMs may be effective: 
     - To reduce atelectasis and increase the lung volume 
     - To improve oxygenation and lung compliance 
     - To minimize lung injury (?) 
 
•“Recruiters”: PaO2/FiO2 < 150 at PEEP 5, Curvilinear PV curve, 
Patchy-Diffuse densities at Chest X Ray 
 
•    Possible indications for RMs are: 
     - Before PEEP setting - Prone position 
     - After disconnection from the ventilator/airways aspiration 
     - Rescue therapy 



Conclusions 
 
•   Slow RMs are more effective, associated with less 
hemodynamics effects and lung injury compared to SI 
 
•    After RM, PEEP set according to PaO2/FiO2 table and “Best 
Compliance”- Driving Pressure 
 

•   LUS and EIT at bedside for monitoring lung recruitment 
 

•   Monitoring SatO2 and hemodynamics during RM 
 
•  Clinical studies to confirm beneficial effects of RMs on 
patients outcome 



The “Holy Grail” is in Genoa: 
“SLOW” RM in ARDS !! 

• The Grail on display to the public 
at the Cathedral of St. Lawrence, 
in Genoa.  

 
• This relic is a bowl made of 

green glass. 
 
• William of Tyre, in 1170, writes 

that it first turned up in a mosque 
in Caesarea, Israel, in 1101. 

 
• It has not been carbon dated. 
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