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Additional methods

Electrical impedance tomography processing
A 40 Hz frequency low-pass filter was applied to all data samples.
Global lung mask was obtained by analyzing only pixels reaching at least 10% of the maximal pixel impedance variation. Ventral and dorsal region of interest (ROI) were arbitrarily defined as pixels reaching this threshold in the 16 upper and the 16 lower rows, respectively.
Regional EELV estimation was obtained by dividing the global EELV measured by the nitrogen wash-in wash-out method, according to EELV distribution, computed as the percentage of EELV change between 0 and 5 cmH2O in each region measured by EIT.

Respiratory mechanics measurements
Plateau pressure (Pplat), total PEEP (PEEPtot), tele-expiratory esophageal pressure (Pes,e) and tele-inspiratory esophageal pressure (Pes,i) were measured. Transpulmonary end-expiratory (PLe) and end-inspiratory pressure (PLi) ; respiratory system (PRS) and transpulmonary (PL) driving pressure ; respiratory system (CRS), lung (CL) and chest wall (CCW) compliances were computed as previously described [1]. All pressures were computed including AOP.
At the regional level, if regional AOP was above total PEEP, CL was computed by including AOPREGIONAL, as follows: regional CL = regional VT / [PLi – (AOPREGIONAL – Pes,e)].

Airway closure and gas flowing delay detection: circuit compliance method
To validate the detection of airway closure and regional AOP, a second method was proposed.
This method, named circuit compliance method has been previously described [2]. Airway closure was detected when the Pressure-Volume (P-V) curves of the patient and the ventilator circuit was superimposed at a pressure at least >1 cmH2O above the inflation start.
AOP was defined by the pressure value at which patient volume exceeded the volume generated by the ventilator circuit compliance by 4 mL (AOPCIRCUIT).
Of note, a direct measurement of global circuit compliance was performed (2.5 mL.cmH2O-1) to assess AOPCIRCUIT-AIRWAY and AOPCIRCUIT-EIT from global airway-based P-V curve and global EIT-based P-V curve.
Regional circuit compliance was estimated by adjusting global circuit compliance by the fraction of VT reaching each ROI (VT-ROI%) for regional curves to measure AOPCIRCUIT values.
This method is depicted in the Figure S1.
Highest and lowest regional AOP were computed by assuming a value of 5 cmH2O in patients without any AOP above 5 cmH2O, only in patients revealing a regional AOP in the supine position.

Complementary study on cadavers: settings
The cadavers were intubated and equipped with an esophageal balloon catheter (Nutrivent), and connected to an Evita V800 ventilator (Dräger). The EIT belt coupled to a Pulmovista device (Dräger) was positioned. 
All cadavers were ventilated in VCV, with a tidal volume of 8 mL.kg-1 PBW, with a respiratory rate of 20 min-1 and a PEEP set at 5 cmH2O.


Additional results
Comparison of intersection and circuit compliance methods
The EIT-based AOP measurements using the circuit led to similar results than the ones using the intersection method (Figure S2).
At each regional level, statically significant correlations were obtained between the two detection methods (AOPINTER and AOPCIRCUIT): r2=0.911, p<0.001 at the ventral level ; r2=0.880, p<0.001 and the dorsal level (Figure S3).
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Additional Tables

Table S1. Main characteristics of patients in the subgroup with analysis in the supine position.
ARDS: acute respiratory distress syndrome, BMI: body mass index, COVID: SARS-Cov-2 induced pneumonia, SAPS II: simplified acute physiology score II, SOFA: sequential organ failure assessment.

Table S2. Individual global and regional airway opening pressure (AOP) in the whole cohort. *:absence of complete airway closure or regional AOP detection, indicating an AOP below a Positive End Expiratory Pressure of 5 cmH2O. NA: non applicable.

Table S3. Respiratory mechanics and gas exchange in semi-recumbent (30°) and supine position (0°) in the subgroup of patients with both positions analyzed. Highest and lowest regional Airway Opening Pressure (AOP) were computed by assuming a value of 5 cmH2O in patients without any AOP above 5 cmH2O, only in patients revealing a regional AOP in the supine position. BMI: body mass index, CL: lung compliance, CRS: respiratory system compliance, CCW: chest wall compliance, EELV: end expiratory lung volume, FiO2: inspired fraction of dioxygen, PaO2: arterial dioxygen partial pressure, PEEPtot: total positive end expiratory pressure, Pes,e: tele-expiratory esophageal pressure, Pes,i: tele-inspiratory esophageal pressure, PLe: tele-expiratory transpulmonary pressure, PLi: tele-inspiratory transpulmonary pressure, Pplat: plateau pressure, VT: tidal volume. 


Table S4. Metrics and clinical features of the 4 cadavers. BMI: body mass index.
Table S5. Main ventilatory mechanics between patients included in the study (n=46) and Thiel cadavers (n=4). All measurements were performed at PEEP 5 cmH2O, in the semi-recumbent position (SR30°) and with no external additional condition. CL: lung compliance, CRS: respiratory system compliance, CCW: chest wall compliance, EELV: end expiratory lung volume, PEEPtot: total positive end expiratory pressure, Pes,e: end-expiratory esophageal pressure, Pes,i: end-inspiratory esophageal pressure, Pplat: plateau pressure.


Table S6. Effects of intervention on the main ventilatory features of the cadavers. SP0 and SR30 refer to supine (0° inclination) and semi-recumbent (30° inclination) positions. Weight +3 kg refers to the adjunction of a 3 kg saline bag on the abdomen. AOP: airway opening pressure, BMI: body mass index, CL: lung compliance, CRS: respiratory system compliance, CCW: chest wall compliance, EELV: end expiratory lung volume, FiO2: inspired fraction of dioxygen, PaO2: arterial dioxygen partial pressure, PEEP: positive end expiratory pressure, Pes,e: end-expiratory esophageal pressure, Pes,i: end-inspiratory esophageal pressure, PLe: end-expiratory transpulmonary pressure, PLi: end-inspiratory transpulmonary pressure, Pplat: plateau pressure, RR: respiratory rate, VT: tidal volume.

Table S1.

	

	All patients (n=23)

	
	

	Study population
	

	Age, years
	64 [54 ; 77]

	Male gender, n (%)
	15 (65)

	BMI, kg.m-2
	24.3 [23.1 ; 29.4]

	SOFA score
	9 [6 ; 13]

	SAPS II
	54 [49 ; 85]

	Delay from intubation, hours
	13 [8 ; 16]

	
	

	Patients with ARDS, n (%)
	16 (70)

	  Pneumonia
	9 (39)

	  COVID
	0 (0)

	  Cardiac arrest-related
	6 (29)

	  Others
	1 (4)

	Days from ARDS diagnosis, days
	0 [0-1]

	
	





Table S2.
	
	Semi-recumbent position (30°)

	
	Supine position (0°)

	
	AOP Global
	AOP Ventral
	AOP Dorsal
	
	AOP Global
	AOP Ventral
	AOP Dorsal

	
	
	
	
	
	
	
	

	#001
	12.2
	12.2
	12.1
	
	NA
	NA
	NA

	#002
	*
	*
	*
	
	NA
	NA
	NA

	#003
	*
	*
	*
	
	NA
	NA
	NA

	#004
	8.7
	9.8
	8.7
	
	NA
	NA
	NA

	#005
	*
	*
	*
	
	NA
	NA
	NA

	#006
	*
	*
	*
	
	NA
	NA
	NA

	#007
	*
	*
	*
	
	NA
	NA
	NA

	#008
	6.3
	6.2
	6.3
	
	NA
	NA
	NA

	#009
	*
	*
	*
	
	NA
	NA
	NA

	#010
	*
	*
	*
	
	NA
	NA
	NA

	#011
	*
	*
	*
	
	NA
	NA
	NA

	#012
	6.2
	7
	7.5
	
	NA
	NA
	NA

	#013
	*
	*
	*
	
	NA
	NA
	NA

	#014
	16.5
	17
	16.9
	
	NA
	NA
	NA

	#015
	*
	*
	*
	
	NA
	NA
	NA

	#016
	*
	*
	*
	
	NA
	NA
	NA

	#017
	*
	*
	12
	
	NA
	NA
	NA

	#018
	*
	*
	10
	
	NA
	NA
	NA

	#019
	*
	*
	*
	
	NA
	NA
	NA

	#020
	6.5
	7.3
	6.5
	
	NA
	NA
	NA

	#021
	*
	*
	6.4
	
	NA
	NA
	NA

	#022
	*
	6.8
	*
	
	NA
	NA
	NA

	#023
	*
	*
	*
	
	NA
	NA
	NA

	
	
	
	
	
	
	
	

	#024
	*
	*
	*
	
	*
	*
	7.4

	#025
	*
	*
	*
	
	*
	*
	*

	#026
	*
	*
	*
	
	*
	*
	*

	#027
	11.9
	11.9
	12
	
	11.4
	11.4
	11.4

	#028
	*
	*
	*
	
	*
	*
	*

	#029
	*
	*
	8.2
	
	*
	*
	7.9

	#030
	*
	*
	*
	
	*
	*
	*

	#031
	6.3
	8.6
	6.3
	
	10.7
	10.7
	10.8

	#032
	*
	*
	*
	
	*
	*
	*

	#033
	*
	*
	*
	
	*
	*
	*

	#034
	*
	*
	*
	
	7
	7.2
	7

	#035
	*
	*
	*
	
	*
	*
	*

	#036
	8
	8
	8
	
	7
	7
	7

	#037
	*
	*
	*
	
	*
	*
	*

	#038
	*
	*
	*
	
	*
	*
	*

	#039
	10.1
	10.1
	10.1
	
	10.3
	10.3
	10.3

	#040
	*
	*
	*
	
	9.7
	9.8
	10

	#041
	*
	*
	*
	
	*
	*
	*

	#042
	*
	*
	8
	
	*
	*
	10

	#043
	*
	*
	6.9
	
	*
	*
	6.1

	#044
	*
	*
	*
	
	7.9
	8.9
	7.5

	#045
	*
	*
	*
	
	*
	*
	*

	#046
	*
	*
	*
	
	*
	*
	*

	
	
	
	
	
	
	
	



Table S3.

	
	Semi-recumbent position – 30°
(n=23)
	Supine position – 0°
(n=23)
	p value

	
	
	
	

	Airway closure, n (%)
	4 (17)
	7 (30)
	.491

	AOP, cmH2O
	9.1 [6.7 ; 11.5]
	9.7 [7.0 ; 10.7]
	>.999

	Ventral AOP, n (%)
	4 (17)
	7 (30)
	.491

	Ventral AOP, cmH2O
	9.4 [8.2 ; 11.5]
	9.8 [7.2 ; 10.7]
	>.999

	Dorsal AOP, n (%)
	7 (30)
	11 (48)
	.365

	Dorsal AOP, cmH2O
	8.0 [6.9 ; 10.1]
	7.9 [7.0 ; 10.3]
	>.999

	Highest AOP, cmH2O
	8 [5.0 ; 8.6]
	8.9 [7.2 ; 10.3]
	.047

	Lowest AOP, cmH2O
	6.9 [5.0 ; 8.2]
	7.9 [7.0 ; 10.3]
	.043

	
	
	
	

	VT, mL.kg-1
	6.1 [6.0 ; 6.3]
	6.1 [6.0 ; 6.3]
	>.999

	  ventral
	4.2 [3.6 ; 4.9]
	4.6 [3.8 ; 5.1]
	.008

	  dorsal
	1.9 [1.3 ; 2.6]
	1.4 [1.1 ; 2.2]
	.009

	EELV, mL.kg-1
	22.8 [16.9 ; 30.9]
	20.5 [15.4 ; 31.2]
	.002

	  ventral
	16.4 [12.1 ; 22.0]
	16.0 [11.4 ; 20.9]
	.076

	  dorsal
	6.4 [4.9 ; 8.8]
	5.2 [2.6 ; 7.2]
	.008

	
	
	
	

	PEEPtot, cmH2O
	5.8 [5.3 ; 7.3]
	6.9 [5.6 ; 8.6]
	.006

	Pplat, cmH2O
	13.9 [11.5 ; 15.4]
	15.3 [12.8 ; 16.5]
	.037

	Pes,e, cmH2O
	6.9 [4.9 ; 11.5]
	11.3 [8.2 ; 12.3]
	.003

	Pes,i, cmH2O
	9.3 [8.5 ; 13.6]
	13.0 [9.8 ; 15.8]
	.005

	PLe, cmH2O
	-0.3 [-4.5 ; 0.9]
	-2.9 [-6.2 ; -0.5]
	.008

	PLi, cmH2O
	2.8 [0.3 ; 5.8]
	2.2 [0.5 ; 3.4]
	.059

	PRS, cmH2O
	7.6 [6.2 ; 8.4]
	7.1 [6.1 ; 9.0]
	.867

	PL, cmH2O
	5.1 [3.9 ; 5.9]
	5.9 [3.8 ; 6.7]
	.061

	CRS, mL.cmH2O-1
	52 [45 ; 61]
	53 [42 ; 61]
	.420

	CL, mL.cmH2O-1
	79 [60 ; 113]
	63 [56 ; 94]
	.060

	CCW, mL.cmH2O-1
	156 [99 ; 218]
	180 [107 ; 289]
	.036

	
	
	
	

	PaO2/FiO2, mmHg
	176 [129 ; 266]
	199 [100 ; 242]
	.345

	Ventilatory ratio
	3.21 [2.60 ; 4.02]
	3.25 [2.35 ; 3.61]
	.093

	
	
	
	





Table S4.

	


	Gender
	Age at death (years)
	Height (cm)
	Weight
(kg)
	BMI
(kg.m-2)
	Cause of death

	
	
	
	
	
	
	

	01
	male
	85
	168
	62
	22,0
	non respiratory

	02
	female
	95
	160
	53
	21,0
	non respiratory

	03
	male
	83
	170
	68
	23,0
	non respiratory

	04
	female
	71
	152
	45
	19,0
	non respiratory






Table S5.

	
	Patients
	Cadavers
	
	Overall p value

	
	
	
	
	

	PEEPtot, cmH2O
	6.0 [5.2 ; 6.9]
	5.1 [5.1 ; 5.3]
	
	.071

	Pplat, cmH2O
	15.0 [13.4 ; 17.0]
	16.1 [11.6 ; 18.1]
	
	.817

	Pes,e, cmH2O
	7.6 [5.1 ; 11.0]
	6.7 [4.3;8.9]
	
	.483

	Pes,i, cmH2O
	11.0 [8.5 ; 13.3]
	10.5 [8.1; 3.6]
	
	.843

	CRS, mL.cmH2O-1
	45 [36 ; 54]
	47 [28 ; 64]
	
	.926

	CL, mL.cmH2O-1
	66 [52 ; 86]
	139 [60 ; 155]
	
	.199

	CCW, mL.cmH2O-1
	143 [96 ; 185]
	72 [60 ; 111]
	
	.029

	
	
	
	
	

	EELV, mL.kg-1
	20.3 [15.4 ; 26.0]
	16.1 [10.3 ; 32.9]
	
	.457

	  ventral
	14.0 [10.2 ; 18.0]
	8.3 [4.9 ; 25.5]
	
	.256

	  dorsal
	6.4 [4.8 ; 7.8]
	8.0 [7.1 ; 11.0]
	
	.108

	
	
	
	
	

	Airway closure, n (%)
	10 (22)
	2 (50)
	
	NA

	AOP, cmH2O
	8.4 [6.3 ; 12.0]
	6.6 [5.0 ; 10.5]
	
	.286

	Ventral AOP, n (%)
	11 (24)
	2 (50)
	
	NA

	Ventral AOP, cmH2O
	8.6 [7.0 ; 11.9]
	6.6 [5.0 ; 10.6]
	
	.267

	Dorsal AOP, n (%)
	16 (35)
	3 (75)
	
	NA

	Dorsal AOP, cmH2O
	8.1 [6.6 ; 11.5]
	8.2 [5.8 ; 10.9]
	
	.735

	
	
	
	
	



Table S6.

	
	SR30°
	SP0°
	SP0°
+ weight 3 kg
	
	Overall p value

	
	
	
	
	
	

	PEEPtot, cmH2O
	5.1 [5.1 ; 5.3]
	5.1 [5.1 ; 5.1]
	5.1 [5.1 ; 5.2]
	
	>.999

	Pplat, cmH2O
	16.1 [11.6 ; 18.1]
	16.4 [15.5 ; 19.4]
	19.1 [17.2 ; 22.1]
	
	.005

	Pes,e, cmH2O
	6.7 [4.3;8.9]
	11.5 [9.1 ; 12.8]
	13.8 [11.2;14.8]
	
	.005

	Pes,i, cmH2O
	10.5 [8.1; 3.6]
	15.4 [13.2;16.1]
	17.6 [15.8;18.0]
	
	.005

	PLe, cmH2O
	 -1.6 [-3.8;1.0]
	 -6.4 [-7.7;-4.0]
	 -8.7 [-9.6 ; -6.1]
	
	.005

	PLi, cmH2O
	4.2 [1.7 ; 7.9]
	2.3 [-0.7 ; 5.0]
	2.4 [-0.4 ; 5.1]
	
	.042

	CRS, mL.cmH2O-1
	47 [28 ; 64]
	55 [30 ; 74]
	55 [45 ; 87]
	
	.125

	CL, mL.cmH2O-1
	139 [60 ; 155]
	148 [60 ; 278]
	167 [133 ; 451]
	
	.652

	CCW, mL.cmH2O-1
	72 [60 ; 111]
	90 [70 ; 104]
	90 [63 ; 113]
	
	.778

	
	
	
	
	
	

	EELV, mL
	787 [603 ; 2065]
	730 [566 ; 1072]
	545 [412 ; 891]
	
	.009

	  ventral
	485 [258 ; 1611]
	357 [326 ; 446]
	297 [72 ; 601]
	
	.431

	  dorsal
	427 [183 ; 491]
	384 [230 ; 625]
	300 [205 ; 375]
	
	.431

	VT, mL
	324 [274 ; 357]
	324 [280 ; 369]
	332 [280 ; 373]
	
	.167

	  ventral
	229 [202 ; 254]
	220 [211 ; 230]
	226 [220 ; 249]
	
	.273

	  dorsal
	78 [51 ; 81]
	85 [51 ; 121]
	80 [41 ; 111]
	
	.431

	
	
	
	
	
	

	Airway closure, n (%)
	2 (50)
	3 (75)
	4 (100)
	
	NA

	AOP, cmH2O
	6.6 [5.0 ; 10.5]
	10.1 [6.3 ; 12.3]
	12.6 [11.3 ; 14.5]
	
	.009

	Ventral AOP, n (%)
	2 (50)
	3 (75)
	4 (100)
	
	NA

	Ventral AOP, cmH2O
	6.6 [5.0 ; 10.6]
	10.0 [6.2 ; 12.8]
	12.1 [11.1 ; 14.4]
	
	.009

	Dorsal AOP, n (%)
	3 (75)
	4 (100)
	4 (100)
	
	NA

	Dorsal AOP, cmH2O
	8.2 [5.8 ; 10.9]
	10.5 [10.0 ; 13.2]
	13.3 [12.6 ; 15.8]
	
	.005

	
	
	
	
	
	



Additional Figures

Figure S1. Methodology for global pressure-volume curves reconstruction. Airway pressure (PAW) and volume tracings are plotted to obtain a pressure-volume curve (upper panel). Electrical Impedance Tomography (EIT) tracings are corrected by a low-pass sampling at 60 Hz, then global impedance tracing is plotted against the pressure tracing to rebuild a pressure-impedance curve (lower left panel). The global impedance tracing is then converted in volume point-by-point by the tidal volume on impedance ratio (VT/Z) to obtain an estimated EIT-based pressure-volume curve (lower right panel). PES: esophageal pressure, ROI: region of interest.

Figure S2. Methods for airway closure detection and airway opening pressure (AOP) measurement in a representative patient from the study. Left panel: circuit-based method. Right panel: intersection-based method. 

Figure S3. Correlation between  airway (AOPAIRWAY) and Electrical Impedance Tomography (AOPEIT) -based airway opening pressure measurements. Data from patients in semi-recumbent position (SR 30°) are depicted in full circles, and from patients in supine position (SP 0°) in open circles.

Figure S4. Correlation between airway opening pressure detected by the circuit compliance approach (AOPCIRCUI) and the intersection method (AOPINTER). Same evaluation is provided at the regional level in the ventral and dorsal regions.

Figure S5. Forest plot of the multiple logistic regression of the variables independently associated with the presence of any regional airway opening pressure (AOP). BMI: body mass index, EELV: end-expiratory lung volume, PEEPtot: total positive end-expiratory pressure, Pes,e: end-expiratory esophageal pressure, Pplat: plateau pressure.

Figure S6. Representative Pressure- volume (P-V) curves of a same cadaver in different experimental conditions. Black lines: global P-V curve, orange lines: ventral P-V curve, blue lines: dorsal P-V curve. SP0 and SR30 refer to supine (0° inclination) and semi-recumbent (30° inclination) positions. Weight +3 kg refers to the adjunction of a 3 kg saline bag on the abdomen.

Figure S7. Correlations between change in esophageal pressure (Pes) and in regional Airway Opening Pressure (AOP) in cadavers from the semi-recumbent position (SR 30°) to experimental conditions. Left panels: end-expiratory esophageal pressure (Pes,e). Right panels: end-inspiratory esophageal pressure (Pes,i). Upper panels: ventral AOP. Lower panels: dorsal AOP.

Figure S8. Correlations between change in end expiratory lung volume (EELV) and in Airway Opening Pressure (AOP) in cadavers from the semi-recumbent position (SR 30°) to experimental conditions. 
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Figure S5.
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