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A recruitment maneuver is the process 
of inducing an intentional transient 
increase in transpulmonary pressure 
aimed at reopening non-aerated or 
poorly aerated alveoli.
Transpulmonary pressure should 
overcome the critical opening pressure 
of at least a substantial proportion of 
closed alveoli.

What



Why

[Tusman Curr Opin Anesth 2012]



Why

[Hedenstierna Acta Anesth Scan 2012]



[Constantin ATM 2017]

Why



Why

Correlation between  
Atelectasis and Hypoxemia

Correlation between  
FiO2 and Atelectasis



[ATS-SCCM-ESICM Am J Respir Crit Care Med 2017]

Why

Recommendation:
We suggest that adult patients with ARDS receive RMs 



[LOV Trial JAMA 2006]

Why



How much

The amount of atelectasis:

• does not change during normal tidal breathing or by a 

“sigh” using an airway-pressure of up to 20 cm H2O;

• decreases to the half at a sustained inflation of the lungs to 

an airway-pressure of 30 cm H2O;

• does not change for any additional inflations of the lung to 

the same airway-pressure (30 cm H2O)

• goes approx to 0 at an airway pressure of 40 cm H2O in 

normal lungs

• goes approx to 0 at an airway pressure of 55 cm H2O in 

lungs of pts BMI > 45

[Rothen BJA 1993] 
[Reinius Anesthesiology 2009]



With PEEP set 2 
cmH2O above the 
critical opening 
pressure 20–30 % of 
the lung is still 
collapsed.

After RM less than 5% 
of the total lung mass 
remains collapsed.

How much



Time constant (𝞃)  
=  

Compliance (C) x Resistance (R)  
=  

Time necessary to inflate 63% of its Vt is called the Time 
constant (𝞃)    

1 𝞃 = 63% Vt exhaled/inhaled 
2 𝞃 = 86 % Vt exhaled/inhaled 
3 𝞃 = 95% Vt exhaled/inhaled 
5 𝞃 = 100% Vt exhaled/inhaled 

Steady state only after 5 𝞃 (whatever is the Vt) 

How long



Where

Hyperinflated area 
V/Q >>> 1

Normoareated area 
V/Q = 1

Atelectasis area 
V/Q <<< 1



How

[Lim Crit Care Med 2004]

CPAP

PCV “Tusman” RM

PEEP Increase



When - How detect

[Strang BJA 2009]

RM



[Santos World J Crit Care Med 2015]

When - How detect



After RM

[Ferrando A&A 2014]



[Ferrando A&A 2014]

• During OLV, oxygenation was maintained in the study group but 
decreased in the control group. 

• After OLV, arterial oxygenation was higher in the study group 
(306 vs 231 mm·Hg, P = 0.007). 

• Static compliance increased signicantly only in the study group (P 
< 0.001) after the RM and optimal PEEP adjustment. 

• RM did not decrease cardiac index in any patient.

After RM



TRIALS RM & OLV



[Karzai Anesthesiology 2009] [Campos J Cardiothor Vasc Anesth 2018]

[Rozè Anesthesiology 2011] [Slinger Princ Pract Anesth 2011]



[Vargas Trends Anesth Crit Care  2013]



[Tusman Ann Thorac Surg  2002]

10 pts 
Prospective Observational Study 
“Tusman” RM



[Tusman A&A 2004]

12 pts 
Prospective Observational Study 
“Tusman” RM

Before RM Afer RM

pO2 144 ± 73 244 ± 89

VD/VT 0.6 ± 0.05 0.5 ± 0.04



[Cinnella Acta Anesth Scan 2008]

13 pts 
Prospective Observational Study 
“Tusman” RM

Recruited volume: 314 ± 203 ml P/F:  from 235 ± 113 to 351 ± 120



[Garutti Acta Anesth Scan 2009]

40 pts 
Prospective Observational Study 
“Tusman” RM



[Park EJA 2011]

42 pts 
RCT 
Bag Squeeze



[Unzueta BJA 2012]

40 pts 
RCT 
“Tusman” RM

Control RM

VD/VT ↑ ↓

P/F = ↑



[Jung Kor J Anesth  2017]

120 pts 
RCT 
“Tusman” RM



[Tusman Curr Anesthesiol Rep 2014]

n = 155 pts Jung n = 120 pts n = 275 pts+ =



RE.MA.TO Study

[Ceraolo to be submitted]



RE.MA.TO Study 
REcruitment MAneuver in Torino

• Prospective Observational Study 

• Local Ethical Committee Approval 

• Informed Consent from each patient 

• Setting: Tertiary Care Hospital 

• Population: patients scheduled for thoracic surgery 

• Aim: evaluate non inferiority of CPAP RM vs Cycling RM

[Ceraolo to be submitted]



RE.MA.TO Study 
REcruitment MAneuver in Torino

• Inclusion criteria: patients scheduled for thoracic 

procedure & OLV in lateral decubitus position 

• Exclusion criteria: 

• BMI > 30 

• Age < 18 years 

• Emphysema 

• Previous PNX 

• Previous thoracic procedures 

• Emodynamic impairment 

• Pregnancy [Ceraolo to be submitted]



RE.MA.TO Study 
REcruitment MAneuver in Torino

INDUCTION

DLV 6 ml/kg IBW 
PEEP 5 cmH2O 

RR: 35 < EtCO2 < 45

OLV 6 ml/kg IBW 
PEEP 5 cmH2O 

RR: 35 < EtCO2 < 45

DLV 6 ml/kg IBW 
PEEP 5 cmH2O 

RR: 35 < EtCO2 < 45

EXTUBATION

RM 
CPAP or Cycling

RM 
CPAP or Cycling

Respiratory Mechanics 
ABG

Respiratory Mechanics 
ABG

MEASUREMENTS

Respiratory Mechanics 
ABG

Respiratory Mechanics 
ABG

[Ceraolo to be submitted]



RE.MA.TO Study 
REcruitment MAneuver in Torino

 53 patients
Age (years) 61.6 ± 13.8 (65; 52-71)
Weight (kg) 72.5 ± 19.6 (71; 62-80)
Height (cm) 166.6 ± 9.3
BMI kg/m2 26.0 ± 5.71 (25.3; 22.7-28)

ASA n (%) 
I = 1 (1.9) 

II = 19 (36.5) 
III = 31 (59.6) 
IV = 1 (1.9)

FEV1 % 94.7 ± 25.5 (94; 83-109)
FVC % 101.4 ± 23.9 (101, 89-118)

DLCO % 80.8 ± 17.5 (78.5; 70.5-91)
[Ceraolo to be submitted]



RE.MA.TO Study 
REcruitment MAneuver in Torino

[Ceraolo to be submitted]

CPAP 27 pts CYCLING 26 pts
Age (years) 63.19 ± 13.20 59.96 ± 14.73 NS
Weight (kg) 73.9 ± 11.7 71.19 ± 25.56 NS
Height (cm) 165.6 ± 9.3 167.73 ± 9.4 NS
BMI kg/m2 26.9 ± 3.7 25.02 ± 7.1 NS

ASA n (%) 
I = 0 

II = 8 (30.7) 
III = 17 (65.3) 
IV = 1 (3.8)

I = 1 (3.8) 
II = 11 (42.3) 
III = 14 (53.8) 

IV = 0

NS

FEV1 % 92.1 ± 30.3 97.1 ± 20.6 NS
FVC % 92.3 ± 25.7 108.9 ± 20 NS

DLCO % 81 ± 20.4 80.5 ± 15 NS



RE.MA.TO Study 
REcruitment MAneuver in Torino

[Ceraolo to be submitted]

DLV CPAP Cycling p value

Driving Pressure 
PreRM 10,3 ± 3,8 8,7 ± 2,1 NS

Driving Pressure 
PostRM 8.8 ± 3,6 7,3 ± 2,1 NS

p value 0,003 <0,001



RE.MA.TO Study 
REcruitment MAneuver in Torino

[Ceraolo to be submitted]

OLV CPAP Cycling p value

Driving Pressure 
PreRM 13,4 ± 3,3 12,5 ± 3,6 NS

Driving Pressure 
PostRM 12,3 ± 3,6 10,3 ± 3,3 0,048

p value <0,001 <0,001



RE.MA.TO Study 
REcruitment MAneuver in Torino

[Ceraolo to be submitted]

OLV CPAP Cycling p value

pCO2-EtCO2  
preRM mmHg 8,9 ± 3,7 9,1 ± 3,4 NS

pCO2-EtCO2 
postRM mmHg 7,7 ± 4 6,6 ± 3 NS

p value NS <0,001



RE.MA.TO Study 
REcruitment MAneuver in Torino

[Ceraolo to be submitted]

Conclusions of RE.MA.TO Study: 

• CPAP and Cycling RM equally effective in improving 

respiratory system mechanics in DLV and OLV 

• Cycling RM is slightly more effective than CPAP RM in 

reducing Driving Pressure - OLV only 

• Only Cycling RM effective in reducing Dead Space 

Ventilation (pCO2-EtCO2) - OLV only 

• No significant SAE in both groups 



CONCLUSION
• No strong evidence 

• RM may be an option in OR 

• RM must be applied to the right patient, at the right 

moment, for a right period of time, at the right pressure  

• RM recommended for hypoxemia and atelectasis 

prevention/treatment  

• RM CPAP & RM Cycling probably equally effective and 

safe 

• Further research is needed


