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INTRODUCTION
─

• Airway closure (AC) is the complete collapse of the airway

• Airway closure has been previously described:

• During anesthesia in adults1,2 and children.3,4

• In up to 40% of adults with acute respiratory distress syndrome (ARDS).5,6

• Implications if airway opening pressure (AOP) is above PEEP:

• Inaccurate measurement of driving pressure.

• The possibility of denitrogenation atelectasis and airway damage by 

repeated reopening and closure.6

• A maneuver performed on the ventilator can identify the AOP.6



OBJECTIVES
─

• To present a case of complete airway closure with paediatric ARDS (p-ARDS) on 

extracorporeal membrane oxygenation (ECMO). 

• This case illustrated the need to adapt the maneuver for children.

• To report the technical adaptation of the maneuver for paediatrics.

• The bench study was performed to adapt the maneuver to serve patients with body weight of 

3-50 kg. 

• Goal: to achieve a low-flow inflation maneuver able to identify airway closure considering: 

1) Visual identification of AOP in the pressure-time or PV curves, 

2) Insufflation time required to minimize resistive pressure, and

3) Ability to replicate in all patients’ sizes.



METHOD
─

A bench simulation study and case report. 

• Equipment:

• The Servo-U (Getinge®, Goteborg, Sweden) mechanical ventilator. 

• A bidirectional PEEP valve (C-PEEP2210000, Intersurgical®, Workinham, UK) was used to 

simulate airway closure of 10 cmH2O above the set PEEP.

• The breathing simulator (ASL 5000TM IngMar TM Medical, Pittsburgh, USA).

• The respiratory mechanics were set according to body weight. 

• Breathing circuits and endotracheal tubes were selected according to size. 

• The ServoTracker 4.1 and the ASL-5000 recorded the data.

• AOP maneuvers: 

• 4 maneuvers were performed for each simulated body weight (3, 6, 15, 30, and 50kg) with 1, 2, 

3, and 4 seconds of inspiratory time (Ti) and an inspiratory hold to quantify the resistive 

pressure. 

• Tidal volume (Vt): 6mL/Kg delivered by a continuous flow (Mode: SIMV Volume Control).

• Respiratory rate: 5 bpm. 

• PEEP: 5 cmH2O. 



RESULTS
─
Case report:

• A previously healthy 12 yo male in the PICU with severe p-ARDS. 

• Ventilator settings following ECMO cannulation: Pressure Control 

(PC) 10-12 cmH2O above PEEP (titrated from 10-25 cmH2O). 

• On day 2 of ECMO, the AOP was 27 cmH2O and the settings were 

switched to PC 10 over PEEP 10 cmH2O. 

• The chest X ray evolved with complete white lungs.

• Subsequent AOP maneuvers were unable to identify an inflection 

point, repeated Crs was < 5 ml/cmH2O. 

• Progressive improvement Crs began during week 5 and he was 

decannulated successfully on day 53 of VV-ECMO support. 

• After failing conventional 

therapies, he was 

cannulated onto VV-

ECMO on day 1.

• The underlying etiology 

was hemophagocytic 

lymphohistiocytosis.

• AOP maneuver after 

cannulation identified an 

AOP of 25 cmH2O.

• The respiratory system 

compliance (Crs) was 14 

ml/cmH2O.

Bench study results:

• Insufflation time: 

• In the 30 and 50 kg categories ( adult patients) the 4 sec maneuver 

performed better and similar to the adult maneuver with minimal Rp. 

• Shorter maneuvers showed high flowrates (>10L/min). 

• Patients <20kg: Minimal Rp difference between 3 & 4 sec maneuvers.

• For visual identification of AOP: 

• In all tested conditions the AOP was ~ 15cmH2O with a clear inflection 

point, except for the 3 kg simulated patient. 

AOP maneuver
Simulated Patient Ti = 4 sec Ti = 3 sec Ti = 2 sec Ti = 1 sec
Weight
(kg)

Vt
(ml)

Rrs
cmH2O/L/se

c

Crs
mL/cmH2O

Rp
(cmH2O)

Flow
(L/min)

Rp
(cmH2O)

Flow
(L/min)

Rp
(cmH2O)

Flow
(L/min)

Rp
(cmH2O)

Flow
(L/min)

3 18 20 1 & 2 0.4 0.3 0.5 0.4 0.5 0.5 0.7 1.1
6 36 18 3 0.5 0.6 0.7 0.7 0.8 1.1 1.3 2.2
15 90 16 8 1.0 1.3 1.1 1.8 1.5 2.7 2.6 5.4
30 180 14 15 1.2 2.7 1.4 3.7 2.0 5.4 3.8 10.9
50 300 12 25 2.2 4.6 2.9 6.0 3.4 9.0 5.7 18.3

AOP: Airway opening pressure. Ti: Inspiratory time. Vt: tidal volume, Rrs: respiratory system resistance of simulated patient, Crs: 
respiratory system compliance of simulated patient. Rp: Resistive pressure. 

Airway pressure tracings in a 3 sec maneuver. AWP: Airway pressure. C1: Compliance 1 mL/cmH2O. C2: Compliance 2 mL/cmH2O   

• Replicability in all 

patients’ size: 

• Two Ti settings 

simplify the 

maneuver 

adequately for the 

paediatric 

population (3-50 

kg).  

Pressure-Volume curves of 
the simulated patients with 
4 sec (50 & 30 kg) and 3 sec 
(15, 6 & 3 kg) of Ti



CONCLUSION
─

• The presence of airway closure may occur in p-ARDS and an adaptation of the 

maneuver is needed. 

• We propose a paediatric AOP maneuver that was reliable in a bench simulating 

setting when 6mL/kg of Vt is delivered by a continuous and low flow inflation 

during 3 sec for patients up to 20 kg and 4 sec for > 20kg. 

• The low flow insufflation is accomplished via a long Ti. 

• While the adult maneuver fixes inspiratory flow and has variable Ti, this 

paediatric adaption will have different flowrates based on weight determined by 

the fixed Ti and set Vt. 

• A limitation of this technique might be its interpretation when patient’s Crs is 

becoming close to the circuit’s compliance, such as in those infants around 3 

kg with severe lung disease. 
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