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Table S1. FiO2/PL,exp table from Talmor et al. [1]

	FiO2
	40%
	50%
	50%
	60%
	60%
	70%
	70%
	80%
	80%
	90%
	90%
	100%

	Measured PL,exp
	0
	0
	2
	2
	4
	4
	6
	6
	8
	8
	10
	10



Measured PL,exp, directly measured end-expiratory transpulmonary pressure; FiO2, fraction of inspired oxygen.  
Table S2. Calculation methods 

	
	      Formula
	Comment

	Shunt fraction
	(CcO2 – CaO2) / (CcO2 – CvO2)
	

	Ventilatory Ratio
	(VE * PaCO2) / (PBW * 100 * 37.5)
	From Sinha et al.[2]

	Vd/Vt
	(1 – PECO2/PaCO2) * 100
PECO2 = 862.5 * (VCO2/VE)
	From Doorduin et al.[3]

	Oxygen delivery index
	Cardiac index * CaO2
	Cardiac index was measured using transpulmonary dilution and a pulmonary artery catheter in 11 and 9 patients, respectively

	CRS
	Vt/(Pplat – PEEPtot)
	

	Chest wall compliance (CCW)
	Vt/(Pes,insp – Pes,exp)
	

	Directly measured PL,exp
	PEEPtot – Pes,exp
	« Measured » PL,exp used in the PL,exp strategy [1]

	Calculated PL,insp
	Pplat * EL/ERS
	« Calculated » PL,insp used in the PL,insp strategy [4]

	EL/ERS
	EL = ERS – ECW
ERS = 1/CRS
ECW = 1/CCW
	

	Transpulmonary driving pressure 
	(Pplat – PEEPtot) * EL/ERS
	From Gattinoni et al.[5]

	Lung strain
	(Vt + CRS * PEEPtot) / (EELV – CRS * PEEPtot)
	From Chiumello et al.[6] 

	Recruited volume from PEEP 5 cmH2O
	(EELV at PEEPPL,insp or PL,exp – EELV at PEEP5) – [CRS at PEEP5 * (PEEPtot at PEEPPL,insp or PL,exp – PEEPtot at PEEP5)]
	From Dellamonica et al.[7]

	Dorsal fraction of ventilation
	TVdependant/ TVglobal
	From Frerichs et al.[8]

	CRS,non-dep
	(Vt * TVnon-dependent)/∆Paw
	From Mauri et al.[9]

	CRS,dep
	(Vt * TVdependent)/∆Paw
	From Mauri et al.[9]



∆Paw, airway driving pressure; ∆Pes, esophageal driving pressure; CaO2, arterial blood oxygen content; CcO2, capillary blood oxygen content; Ccw, chest wall compliance; CREC, recruited volume compliance; CRS, respiratory system compliance; CRS,dep, respiratory system compliance of non-dependent lung; CRS,non-dep, respiratory system compliance of dependent lung; CvO2, venous blood oxygen content; DO2, oxygen delivery; ECW, chest wall elastance; EELV, end-expiratory lung volume; EL, lung elastance; EL/ERS, lung elastance to respiratory system elastance ratio; ERS, respiratory system elastance; PaCO2, partial pressure of arterial carbone dioxide; PBW, predicted body weight; PECO2, partial pressure of end-expiratory gas carbone dioxide; PEEPPL,exp, positive end-expiratory pressure levels determined by the PL,insp strategy; PEEPPL,insp, positive end-expiratory pressure levels determined by the PL,exp strategy; PEEPtot, total positive end-expiratory pressure; Pes,exp, end-expiratory esophageal pressure; Pes,insp, end-inspiratory esophageal pressure; PL, insp, end-inspiratory transpulmonary pressure; PL,exp, end-expiratory transpulmonary pressure; Pplat, plateau pressure; TVdependent, tidal variation of impedence in dependent lung; TVglobal, global variation of impedence; VCO2, carbon dioxide production; Vd/Vt, Enghoff dead space; VE, minute ventilation; VREC, recruited volume; Vt, tidal volume


Table S3. Main characteristics of the COVID-19 and non-COVID-19 patients.

	
	COVID-19
n = 12
	Non-COVID-19
n = 8
	p-value

	Age, years
	65 (56 - 68)
	57 (48 - 66)
	0.40

	Gender (M/F)
	9/3
	6/2
	>0.9

	Body mass index, kg/m2
	29.0 (27.3 - 32.2)
	26.1 (23.4 - 34.1)
	0.40

	Time from admission to ARDS diagnosis, hours
	3 (1 - 22)
	3 (1 - 43)
	0.60

	Time from ARDS diagnosis to inclusion, hours
	29 (24 - 37)
	54 (45 - 63)
	0.02

	 Comorbidities
	
	
	

	    Diabetes
	2 (17%)
	3 (38%)
	0.30

	    Hypertension
	5 (42%)
	4 (50%)
	>0.9

	    Cancer or hematologic malignancy
	0 (0%)
	1 (12%)
	0.40

	    Chronic heart failure
	2 (17%)
	1 (12%)
	>0.9

	    Chronic obstructive pulmonary disease
	0 (0%)
	1 (12%)
	0.40

	SOFA score at admission
	4.5 (2.75 - 5.25)
	6.5 (5.25 - 10)
	0.11

	SAPS2 at admission
	38 (28 - 44)
	42 (36 - 49)
	0.40

	Gas exchange at PEEP 5 cmH2O
	
	
	

	    PaO2/FiO2, mmHg
	96 (71 - 122)
	109 (84 - 130)
	0.50

	    PaCO2, mmHg
	41 (37 - 44)
	47 (42 - 56)
	0.10

	    Ventilatory Ratio
	1.99 (1.91 - 2.09)
	2.38 (1.98 - 3.30)
	0.20

	    Dead space fraction, %
	67 (51 - 71)
	61 (45 - 72)
	>0.9

	Respiratory mechanics at PEEP 5 cmH2O
	
	
	

	    Tidal volume, mL
	425 (375 - 450)
	388 (350 - 412)
	0.60

	    PEEPtot, cmH2O
	6 (6 - 6)
	8 (6 - 9.5)
	0.09

	    Driving pressure, cmH2O
	10 (8.5 - 14)
	10.5 (8.7 - 11.7)
	0.90

	    CRS, mL/cmH2O
	39 (33 - 48)
	36 (35 - 45)
	>0.9

	    Measured PL,exp, cmH2O
	-4.0 (-6.5 - 1.5)
	-2.5 (-5.0 - -0.8)
	>0.9

	    Calculated PL,insp, cmH2O
	12.8 (11.6 - 13.9)
	13.5 (10.5 - 15.0)
	0.80

	    CCW, mL/cmH2O
	162 (133 - 219)
	121 (92 - 156)
	0.14

	    EL/ERS
	0.76 (0.72 - 0.79)
	0.65 (0.50 - 0.75)
	0.10

	    Transpulmonary driving pressure, cmH2O
	7.50 (6.25 - 9.50)
	8.00 (5.25 - 9.00)
	0.90

	    Lung strain 
	0.71 (0.58 - 0.86)
	0.92 (0.67 - 1.32)
	0.30

	Respiratory mechanics at PEEP Express
	
	
	

	    Tidal volume, mL
	425 (375 - 450)
	388 (350 - 412)
	0.60

	    PEEPtot, cmH2O
	17.5 (15.2 - 18.5)
	17.5 (15.0 - 18.2)
	>0.9

	    Driving pressure, cmH2O
	11.0 (9.0 - 13.7)
	11.5 (10.7 - 12.5)
	0.80

	    CRS, mL/cmH2O
	39 (29 - 47)
	35 (32 - 37)
	0.30

	    Measured PL,exp, cmH2O
	5.0 (3.3 - 8.0)
	5.0 (-0.3 - 6.3)
	0.50

	    Calculated PL,insp, cmH2O
	21.8 (20.2 - 24.6)
	22.2 (19.1 - 24.4)
	>0.9

	    CCW, mL/cmH2O
	154 (121 - 216)
	121 (80 - 197)
	0.30

	    EL/ERS
	0.76 (0.72 - 0.84)
	0.77 (0.66 - 0.84)
	0.90

	    Transpulmonary driving pressure, cmH2O
	9.0 (7.0 - 10.5)
	9.0 (7.0 - 10.3)
	0.80

	    Lung strain 
	0.63 (0.40 - 0.94)
	0.82 (0.71 - 0.99)
	0.30



ARDS, Acute Respiratory Distress Syndrome; SOFA, Sequential Organ Failure Assessment; SAPS II, Simplified Acute Physiology Score II; PaO2/FiO2, partial pressure of arterial oxygen over fraction of inspired oxygen ratio; PaCO2, partial pressure of arterial carbon dioxide; PEEP, positive end-expiratory pressure; PEEPtot, total PEEP; Pplat, plateau pressure; CRS, respiratory system compliance; Measured PL,exp, directly measured end-expiratory transpulmonary pressure; Calculated PL,insp, end-inspiratory transpulmonary pressure calculated using EL/ERS ratio; CCW, chest wall compliance; EL/ERS, lung to respiratory system elastance ratio.  Data are presented as median (interquartile range) or number (percentage).

Table S4. Main characteristics of the patients with positive end-expiratory pressure levels determined by the PL,insp strategy (PEEPPL,insp ) higher or lower than positive end-expiratory pressure levels determined by the PL,exp strategy (PEEPPL,exp).

	
	PEEPPL,exp < PEEPPL,insp 
n = 12
	PEEPPL,exp ≥ PEEPPL,insp 
n = 8
	p-value

	Age, years
	60 (48 - 68)
	64 (58 - 67)
	0.70

	Gender (M/F)
	8/4
	7/1
	0.60

	Body mass index, kg/m2
	27.4 (24.0 - 28.9)
	32.6 (29.4 - 35.9)
	0.03

	Time from admission to ARDS diagnosis, hours
	4 (1 - 26)
	2 (0 - 37)
	0.40

	Time from ARDS diagnosis to inclusion, hours
	32 (23 - 43)
	47 (39 - 58)
	0.12

	ARDS risk factor
	
	
	0.60

	    COVID-19 pneumonia
	7 (58%)
	5 (62%)
	

	    Non-COVID-19 pneumonia
	1 (8.3%)
	1 (12%)
	

	    Aspiration
	0 (0%)
	1 (12%)
	

	    Pancreatitis
	4 (33%)
	1 (12%)
	

	 Comorbidities
	
	
	

	    Diabetes
	2 (17%)
	3 (38%)
	0.30

	    Hypertension
	3 (25%)
	6 (75%)
	0.06

	    Cancer or hematologic malignancy
	1 (8.3%)
	0 (0%)
	>0.9

	    Chronic heart failure
	2 (17%)
	1 (12%)
	>0.9

	    Chronic obstructive pulmonary disease
	0 (0%)
	1 (12%)
	0.40

	SOFA score at admission
	5.5 (3.75 - 7.25)
	4.5 (2.75 - 6.25)
	0.50

	SAPS2 at admission
	40 (34 - 46)
	35 (26 - 44)
	0.40

	Gas exchange at PEEP 5 cmH2O
	
	
	

	    PaO2/FiO2, mmHg
	118 (79 - 128)
	92 (80 - 98)
	0.30

	    PaCO2, mmHg
	41 (37 - 50)
	44 (43 - 47)
	0.60

	    Ventilatory Ratio
	2.06 (1.95 - 2.66)
	2.00 (1.59 - 2.11)
	0.50

	    Dead space, %
	69 (54 - 72)
	53 (44 - 64)
	0.06

	Hemodynamics at PEEP 5 cmH2O
	
	
	

	    Cardiac index, L/min/m2
	3.25 (2.48 - 4.23)
	3.10 (2.38 - 3.45)
	0.50

	    Oxygen delivery index, mL/min/m2
	412 (356 - 569)
	426 (379 - 494)
	0.80

	Respiratory mechanics at PEEP 5 cmH2O
	
	
	

	    Tidal volume, mL
	388 (350 - 431)
	425 (388 - 462)
	0.11

	    PEEPtot, cmH2O
	6 (6 - 8.2)
	6 (6 - 7.5)
	>0.9

	    Pplat, cmH2O
	16 (14.8 - 17)
	22 (19.5 - 23)
	0.01

	    Driving pressure, cmH2O
	9 (7.8 - 10.2)
	14 (12.5 - 15.5)
	0.01

	    CRS, mL/cmH2O
	45 (37 - 52)
	34 (28 - 35)
	0.01

	    Measured PL,exp, cmH2O
	-2.0 (-4.0 - 1.3)
	-5.0 (-8.0 - -2.5)
	0.12

	    Calculated PL,insp, cmH2O
	12.2 (10.7 - 13.4)
	14.5 (13.2 - 14.9)
	0.10

	    CCW, mL/cmH2O
	156 (123 - 225)
	125 (109 - 169)
	0.30

	    EL/ERS
	0.74 (0.69 - 0.78)
	0.73 (0.68 - 0.79)
	>0.9

	    Pes,exp, cmH2O
	9.5 (6.3 - 12.0)
	12.5 (10.3 - 17.8)
	0.08

	    Transpulmonary driving pressure, cmH2O
	6.5 (5.8 - 8)
	9 (8.3 - 9.8)
	0.03

	    Lung strain
	0.68 (0.55 - 1.09)
	0.92 (0.71 - 1.13)
	0.2

	Gas exchange at PEEP Express
	
	
	

	    PaO2/FiO2, mmHg
	157 (130 - 214)
	126 (115 - 170)
	0.2

	    PaCO2, mmHg
	48 (38 - 50)
	44 (43 - 49)
	0.9

	    Ventilatory Ratio
	2.39 (2.01 - 2.78)
	2.17 (1.77 - 2.50)
	0.4

	    Dead space, %
	73 (67 - 76)
	54 (50 - 67)
	0.041

	Hemodynamics at PEEP Express
	
	
	

	    Cardiac index, L/min/m2
	2.60 (2.35 - 3.73)
	2.70 (2.20 - 3.03)
	0.7

	    Oxygen delivery index, mL/min/m2
	354 (335 - 485)
	414 (370 - 472)
	0.6

	Respiratory mechanics at PEEP Express
	
	
	

	    Tidal volume, mL
	388 (350 - 431)
	425 (388 - 462)
	0.11

	    PEEPtot, cmH2O
	18 (17 - 19.3)
	15.5 (13.8 - 18)
	0.06

	    Pplat, cmH2O
	28.5 (28 - 29)
	29 (28.8 - 29.3)
	0.2

	    Driving pressure, cmH2O
	10.5 (9 - 11.3)
	13.5 (11.8 - 14.5)
	0.03

	    CRS, mL/cmH2O
	40 (32 - 44)
	35 (28 - 37)
	0.2

	    Measured PL,exp, cmH2O
	6.5 (4.8 - 8.0)
	2.0 (-1.3 - 5.0)
	0.01

	    Calculated PL,insp, cmH2O
	21.1 (19.5 - 24.7)
	22.0 (20.9 - 24.0)
	0.7

	    CCW, mL/cmH2O
	133 (103 - 256)
	173 (120 - 194)
	>0.9

	    EL/ERS
	0.74 (0.69 - 0.88)
	0.77 (0.74 - 0.82)
	0.9

	    Pes,exp, cmH2O
	12.5 (9.8 - 14.0)
	14.5 (9.5 - 16.8)
	0.4

	    Transpulmonary driving pressure, cmH2O
	7.5 (6.8 - 10.3)
	10.0 (8.5 - 10.5)
	0.2

	    Lung strain 
	0.64 (0.44 - 0.91)
	0.94 (0.69 - 0.96)
	0.4



ARDS, Acute Respiratory Distress Syndrome; SOFA, Sequential Organ Failure Assessment; SAPS II, Simplified Acute Physiology Score II; PaO2/FiO2, partial pressure of arterial oxygen over fraction of inspired oxygen ratio; PaCO2, partial pressure of arterial carbon dioxide; PEEP, positive end-expiratory pressure; PEEPtot, total PEEP; Pes,exp end-expiratory esophageal pressure; Pplat, plateau pressure; CRS, respiratory system compliance; Measured PL,exp, directly measured end-expiratory transpulmonary pressure; Calculated PL,insp, end-inspiratory transpulmonary pressure calculated using EL/ERS ratio; CCW, chest wall compliance; EL/ERS, lung to respiratory system elastance ratio.  Data are presented as median (interquartile range) or number (percentage).
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Table S5. Physiological effects of each positive end-expiratory pressure (PEEP) titration strategy in non-obese (body mass index < 30 kg/m2) and obese (body mass index ≥ 30 kg/m2) patients. 


	
	Non-obese patients (n=11)
	Obese patients (n=9)

	
	PL-insp strategy
	PL-exp strategy
	p-value
	PL-exp strategy
	PL-insp strategy
	p-value

	Gas exchange
	
	
	
	
	
	

	    PaO2/FiO2, mmHg
	163 (125 - 242)
	123 (100 - 200)
	0.10
	131 (127 - 228)
	138 (128 - 185)
	>0.9

	    Shunt fraction, %
	0.24 (0.17 - 0.32)
	0.34 (0.21 - 0.42)
	0.11
	0.26 (0.21 - 0.30)
	0.24 (0.20 - 0.33)
	0.8

	    PaCO2, mmHg
	46 (38 - 51)
	45 (36 - 54)
	>0.9
	45 (44 - 51)
	45 (42 - 50)
	0.8

	    Ventilatory Ratio
	2.10 (1.94 - 2.80)
	1.98 (1.82 - 2.99)
	0.8
	2.47 (1.96 - 2.75)
	2.42 (1.89 - 2.78)
	0.9

	    Dead space fraction, %
	69 (64 - 74)
	67 (64 - 72)
	0.7
	61 (59 - 75)
	65 (58 - 75)
	>0.9

	Hemodynamics 
	
	
	
	
	
	

	    Cardiac index, L/min/m2
	2.70 (2.30 - 3.80)
	2.90 (2.20 - 4.20)
	0.6
	2.40 (2.00- 2.60)
	2.60 (2.00- 2.60)
	>0.9

	    Oxygen delivery index, mL/min/m2
	389 (327 - 539)
	408 (346 - 582)
	0.7
	352 (339- 421)
	377 (331- 429)
	>0.9

	Respiratory mechanics
	
	
	
	
	
	

	    PEEPtot, cmH2O
	17 (14 - 20)
	11 (8 - 16)
	0.044
	17 (13 - 19)
	17 (15 - 18)
	>0.9

	    Driving pressure, cmH2O
	11 (10 - 12)
	9 (9 - 12)
	0.4
	12 (9 - 14)
	11 (9 - 15)
	>0.9

	    CRS, mL/cmH2O
	39 (27 - 43)
	39 (33 - 50)
	0.4
	40 (31 - 42)
	37 (33 - 47)
	0.9

	    End-expiratory lung volume, mL 
	2376 (1754 - 3369)
	1814 (1411 - 2656)
	0.3
	1863 (1540 - 2368)
	2031 (1493 - 2263)
	0.9

	    Recruited volume from PEEP 5 cmH2O, mL 
	740 (460 - 1381)
	279 (129 - 996)
	0.3
	558 (129 - 819)
	606 (233 - 886)
	0.8

	    Measured PL,exp, cmH2O
	7 (5 - 8)
	3 (1 - 4)
	0.013
	4 (0 - 5)
	2 (1 - 4)
	0.9

	    Calculated PL,insp, cmH2O
	21 (20.4 - 21.8)
	17.9 (11.7 - 19.1)
	0.025
	20.6 (20.4 - 21.0)
	22.4 (18.1 - 23.7)
	0.3

	    CCW, mL/cmH2O
	142 (108 - 175)
	175 (113 - 213)
	0.2
	142 (125 - 213)
	188 (142 - 213)
	0.6

	    EL/ERS
	0.75 (0.70 - 0.80)
	0.78 (0.67 - 0.80)
	0.6
	0.78 (0.67 - 0.80)
	0.80 (0.67 - 0.82)
	0.7

	    Transpulmonary driving pressure, cmH2O
	8 (7 - 9)
	7 (7 - 11)
	0.5
	10 (7 - 10)
	9 (6 - 11)
	>0.9

	    Lung strain 
	0.61 (0.34 - 0.98)
	0.65 (0.36 - 1.02)
	>0.9
	0.87 (0.76- 0.96)
	0.86 (0.56- 1.08)
	>0.9

	    Dorsal fraction of ventilation (TVdependent/TVglobal)
	0.47 (0.40 - 0.60)
	0.36 (0.27 - 0.56)
	0.3
	0.47 (0.39- 0.55)
	0.41 (0.32- 0.53)
	0.5

	    CRS,non-dependent, mL/cmH2O
	17 (15 - 24)
	22 (17 - 27)
	0.2
	21 (16- 27)
	23 (17- 29)
	0.7

	    CRS,dependent, mL/cmH2O
	16.3 (12.9 - 21.2)
	13.0 (9.4 - 20.3)
	0.5
	18.6 (17.3- 19.5)
	17.7 (15.7- 18.5)
	0.2




PaO2/FiO2, partial pressure of arterial oxygen over fraction of inspired oxygen ratio; PaCO2, partial pressure of arterial carbon dioxide; PEEPtot, total positive end-expiratory pressure; Pplat, plateau pressure; CRS, respiratory system compliance; CRS,non-dependent, non-dependent respiratory system compliance; CRS,dependent dependent respiratory system compliance; Measured PL,exp, directly measured end-expiratory transpulmonary pressure; Calculated PL,insp, end-inspiratory transpulmonary pressure calculated using EL/ERS ratio; CCW, chest wall compliance; EL/ERS, lung to respiratory system elastance ratio. Data are presented as median (interquartile range) or number (percentage).



Table S6. Proportions of patients with respiratory mechanics parameters indicating a high risk of ventilator induced lung injury in the two transpulmonary pressure-based PEEP titration strategies (PL,insp and PL,exp strategies). 

	
	PL,insp strategy
	PL,exp strategy
	p-value

	PL,exp  < 0
	2 (10%)
	0 (0%)
	0.49

	Pplat > 30 cmH2O
	6 (30%)
	6 (30%)
	1

	Respiratory system driving pressure > 14 cmH2O
	5 (25%)
	5 (25%)
	1

	Calculated PL,insp > 22 cmH2O
	0 (0%)
	 7 (35%)
	<0.01
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