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ARDS

Physiologically, the most suitable position for humans to breathe is the standing, upright position, the position in which bipeds perform most of their high-intensity efforts, thus requiring high cardio-respiratory performance [START_REF] Berkemeier | Physiological and biomechanical differences between seated and standing uphill cycling[END_REF]. This vertical position should provide the best ventilation-to-perfusion ratio, and the lowest abdominal visceral stress.

Aside from PP, patient verticalization might be effective by lowering lung constraints and reproducing a more physiological vertical station, consequently modifying the distribution of ventilation and perfusion. A previous physiological study found that partial verticalization (combining a 45° head-and-upper-body elevation with lower limbs down at 45°) improved gas exchange and increased end-expiratory lung volume (EELV) in patients with ARDS, compared

INTRODUCTION

to the supine position (strict horizontal position) [START_REF] Richard | Effects of vertical positioning on gas exchange and lung volumes in acute respiratory distress syndrome[END_REF]. In another study, 30 to 40% of ARDS patients increased their arterial oxygenation and EELV during a progressive partial body verticalization (from a 15° semi-recumbent position to a 60° seated position), while the compliance of the respiratory system decreased, probably as a result of the increase in abdominal pressure related to body flexion, but lung and chest wall mechanics were not assessed in this study [START_REF] Dellamonica | Effect of different seated positions on lung volume and oxygenation in acute respiratory distress syndrome[END_REF].

Recent technological advances in the field of critical care beds, such as the Total Lift

Bed TM (VitalGo Systems Inc., Arjo AB, Illinois, USA), now allow the easy positioning of patients in a standing, upright position (up to 90°) without any body flexion. However, the effects of total verticalization (standing upright position) on physiological variables and respiratory mechanics of ventilated ARDS patients remain unknown. We hypothesized that bed verticalization could be performed safely and have beneficial respiratory effects in patients with ARDS. The primary objective of the present study was to investigate the influence of bed position in early ARDS patients on changes in respiratory mechanics, represented by the transpulmonary driving pressure (ΔPL). The secondary objectives were to evaluate changes in lung and cardiovascular physiology and to assess feasibility and safety.

TRIAL DESIGN

The 

PATIENT INSTALLATION

A "verticalization team" (composed of an intensive care physician, an intensive care resident, and a nurse) was called each time a patient was deemed eligible by the treating physician. After eligibility and consent were checked, patients were placed on a dedicated bed (Total Lift Bed TM , VitalGo Systems Inc., Arjo AB, USA) and secured with three large flexible straps at the knee, pelvis, and medio-thoracic levels. After securing the patient, the bed could be gradually verticalized from 0° to 90° without body flexion, ensuring a standing upright position (Figure 1). cm from the nostrils and inflated with 4 mL of air, as recommended by the manufacturer, and correct position was confirmed using the Baidur method [START_REF] Akoumianaki | The application of esophageal pressure measurement in patients with respiratory failure[END_REF]. Electrical impedance tomography (EIT) was also performed (Pulmovista 500 TM , Dräger TM , Germany).

POSITIONING

All patients started the sequence in a 30° semi-seated position (baseline). After 30 minutes, 30-minute-long successive steps at 0°, 30°, 60°, and 90° were performed, allowing progressive bed verticalization without body flexion (strict supine position on the bed). Then, patients were returned to the 30° semi-seated position for 30 minutes (Figure 1).

To limit the risk of low blood pressure during verticalization, all patients were continuously monitored using PAC. Fluid optimization was managed based on preload dependency data, defined as an increase of more than 10% in stroke volume after the administration of 250 mL of crystalloids, as recommended by the French Society for Anesthesia and Intensive Care Medicine (SFAR) [START_REF] Vallet | Guidelines for perioperative haemodynamic optimization[END_REF]. In a case of hemodynamic instability (defined as an increase of more than 20% in catecholamines doses, despite fluid optimization), the patient was positioned back to the level in the previous step.

MEASUREMENTS

At the end of each 30-minute step, identical complete sets of data were collected, including hemodynamic data with PAC, ventilatory parameters, EELV, esophageal pressures, and arterial blood gases parameters.

Adverse events possibly related to verticalization such as patient fall from the bed, strap-induced skin lesions, accidental removal of catheters, pressure sores, tracheal tube displacement or obstruction, hemodynamic instability (defined as an increase of more than 20% in catecholamine doses, despite fluid optimization), arrhythmia, or cardiac arrest were recorded.

Hemodynamic evaluation was conducted using an arterial line (mean arterial pressure) and a PAC, with continuous measurements of cardiac output, right atrial pressure, enddiastolic volume, mean pulmonary artery pressure, systemic vascular resistance, oxygen saturation of mixed venous blood, and punctual measurements of pulmonary artery occlusion pressure and pulmonary vascular resistance.

Pulmonary mechanics were assessed by collecting or measuring the level of total PEEP (measured during an end-expiratory pause of 5 seconds), expiratory tidal volume (VT), respiratory rate (RR), plateau pressure (Pplat, measured during an end-inspiratory pause of 3 seconds), end-inspiratory and end-expiratory esophageal pressure (Pes), and EELV. The estimated pulmonary dead-space fraction (VD/VT) was calculated using a rearranged alveolar equation for PaCO2 with modified Harris-Benedict equation to estimate the CO2 production (VCO2) [START_REF] Fenn | A theoretical study of the composition of the alveolar air at altitude[END_REF][START_REF] Long | Metabolic response to injury and illness: estimation of energy and protein needs from indirect calorimetry and nitrogen balance[END_REF].

Arterial blood was sampled to assess PaO2/FiO2, PaCO2, arterial pH, serum bicarbonate, and venous blood to evaluate the pulmonary shunt fraction using the Berggren equation [START_REF] Berggren | The oxygen deficit of arterial blood caused by non-ventilating parts of the lung[END_REF].

CALCULATIONS

Driving pressure (ΔP) was computed as Pplat -total PEEP. Static compliance of the respiratory system (CRS) was computed as VT/ΔP. 

STATISTICAL ANALYSIS

The primary outcome measure was the variation in transpulmonary driving pressure during verticalization. To demonstrate an effect size of 0.8 in transpulmonary driving pressure between baseline and 0°, 30°, 60°, 90° positions and return to the 30° semi-seated position, the number of required subjects was estimated to be 30 early ARDS patients for a two-sided type I error rate of 2.5% (correction due to multiple comparisons), a statistical power greater than 80%, and an intra-individual correlation coefficient of 0.5 (correlation due to multiple positions evaluated in the same patient).

Categorical data were expressed as numbers and percentages, and continuous data as 

BASELINE CHARACTERISTICS OF SUBJECTS

From March 2020 through January 2021, a total of 30 patients were included in the trial. The main characteristics of the patients upon study enrollment are presented in Table I. * Described as history of chronic obstructive pulmonary disease (COPD), asthma, pulmonary emphysema, interstitial lung disease, lung cancer, or severe pneumonia leading to hospitalization † ARDS phenotype characterization was established by an adjudication committee composed of four ARDS experts examining CT scans realized for each patient at admission in ICU. The phenotype was established when three out of the four experts agreed on the ARDS phenotype. II).

Characteristic

RESULTS

SAFETY

Two patients presented hemodynamic instability at 90°, necessitating an interruption of the verticalization procedure. In both cases, norepinephrine doses were >1 μg.kg. -1 min. -1 at baseline.

VENTILATORY MECHANICS

Transpulmonary driving pressure increased slightly during verticalization (9 [5; 11] Progressive verticalization to a full, standing upright position has recently been rendered very easy using dedicated beds and support straps to maintain the patient's posture.

A single person is needed to perform this procedure. All patients included in the present study were successfully fully verticalized, except for two who presented hemodynamic instability during the last step (90°). No other serious adverse events was noted during the protocol, which is consistent with the literature available to date [START_REF] Richard | Effects of vertical positioning on gas exchange and lung volumes in acute respiratory distress syndrome[END_REF][START_REF] Dellamonica | Effect of different seated positions on lung volume and oxygenation in acute respiratory distress syndrome[END_REF]. Although, relative hypovolemia induced by verticalization resulted in a decrease in cardiac output, no major impact on mean arterial pressure and microcirculatory parameters, including SvO2 and lactatemia, were observed, confirming good hemodynamic tolerance. The present results confirm the feasibility and safety of bed verticalization of mechanically ventilated ICU patients who are deeply sedated and on neuromuscular blocking agents, and might reinforce perspectives for future clinical applications.

Aside from these reassuring data on feasibility and safety, strict verticalization significantly improved EELV, compared to a 30° semi-seated position. Indeed, keeping the legs fully extended may have allowed fewer constraints on the abdomen, with a potential impact on pulmonary strain; this supports a recent report on ventilatory mechanics improvements when the body position is changed from semi-recumbent to supine-flat in COVID-19 ARDS patients [START_REF] Marrazzo | Effects of trunk inclination on respiratory mechanics in patients with COVID-19-associated acute respiratory distress syndrome: let's always report the angle![END_REF]. Given the remarkable effect of trunk inclination on respiratory mechanics, we believe that reporting the angle of trunk inclination is of extreme importance to obtain a reliable assessment and monitoring the respiratory mechanics of mechanically ventilated patients.

DISCUSSION

In contrast, the use of a thoracic support strap, deemed essential for the patient's safety, may have induced an unavoidable degree of thoracic constraint and a subsequent decrease in chest wall and respiratory system compliances, without any significant impact on lung compliance or mechanical power. However, we observed a slight but significant increase in transpulmonary driving pressure, which could be due to improper ventilator settings.

Indeed, ventilatory parameters remained unchanged throughout whole protocol, despite physiological changes in the respiratory system induced by verticalization. Therefore, inappropriate PEEP or VT may have been involved. These data highlight the value of reassessing ventilator settings after any mobilization, whether it is PP or verticalization, as in this study. In addition, verticalization is associated with improved distribution of lung perfusion, as evidenced by the decrease in pulmonary shunt. Nevertheless, there were no changes in VD/VT, an independent predictive mortality factor [START_REF] Nuckton | Pulmonary deadspace fraction as a risk factor for death in the acute respiratory distress syndrome[END_REF], during verticalization in our study. In addition to microvascular endothelial injury and microvascular thrombi and derangements in pulmonary blood flow caused by ARDS [START_REF] Nuckton | Pulmonary deadspace fraction as a risk factor for death in the acute respiratory distress syndrome[END_REF], the lack of decrease in pulmonary dead space may be due to moderate overdistention related to improper ventilator settings. Indeed, an excessive PEEP or too low VT may be the cause [START_REF] Tusman | Monitoring dead space during recruitment and PEEP titration in an experimental model[END_REF][START_REF] Kiiski | Physiological effects of reduced tidal volume at constant minute ventilation and inspiratory flow rate in acute respiratory distress syndrome[END_REF]. Therefore, the increase in arterial oxygenation following verticalization could be explained by improved pulmonary aeration and optimized distribution of pulmonary perfusion.

These findings suggest that the greater the angle of verticalization, the greater the benefit for EELV and oxygenation. However, multiparametric improvements were less pronounced between the 60° and the 90° positions, and which position best improves respiratory mechanics and lung function remains uncertain and deserves further investigation. Because this procedure is easy to implement when dedicated beds are available, a clinical application could be to apply prolonged verticalization, either the same way PP is currently used, or for shorter but repeated periods of time.

The present study has limitations. First, position sequences were not randomized. A potential risk of a cumulative effect of the verticalization steps exists; therefore, the specific and independent effects of each position remain unknown. However, the 30° semi-seated repositioning at the end of the procedure showed an immediate loss of benefits from verticalization, notably regarding EELV. Second, the results might have been minimized due to prior optimization of ventilation parameters and lung aeration, notably with PEEP titration following an alveolar recruitment maneuver. Third, we were unable to use EIT data, which could not be extracted due to software issues. However, although it allows for the regional analysis of lung aeration, this measurement is limited by the 2-dimensional plane of the belt, and the fall of the mediastinum during verticalization can make its interpretation difficult.

Results will be reported elsewhere once software issues are resolved. Finally, this study included a majority of COVID-19-associated ARDS patients, so whether our results translate to ARDS from other causes remains uncertain.

This study also has several strengths. First, it is the first to investigate the effects of strict verticalization up to 90°, with legs extended, in ARDS patients. Verticalization procedures have already been proposed, but were limited to the 60° seated position [START_REF] Richard | Effects of vertical positioning on gas exchange and lung volumes in acute respiratory distress syndrome[END_REF][START_REF] Dellamonica | Effect of different seated positions on lung volume and oxygenation in acute respiratory distress syndrome[END_REF], without any evaluation of the transpulmonary driving pressure, pulmonary artery measurements, or pulmonary shunt fraction. Second, our study confirmed the simplicity, feasibility, and safety of verticalizing ICU patients, opening new prospects for future research.

CONCLUSION

In conclusion, this study suggests that strict verticalization of ARDS patients is both feasible and safe, with an acceptable hemodynamic impact. It appears to improve arterial oxygenation through lung reaeration and regional redistribution of lung perfusion. The placement of a thoracic support strap is mandatory for this procedure and may induce a decrease in the compliance of the respiratory system, albeit the overall impact on pulmonary mechanics seems minimal. This study opens novel perspectives for future research assessing to the potential clinical applications of verticalization. METHODS : Patients were gradually verticalized, using a dedicated bed, from a 30° semiseated position (baseline) to different levels of inclination (0°, 30°, 60°, and 90°), before returning to the baseline. The duration of each level was 30 minutes, after which hemodynamic and ventilatory parameters, end-expiratory lung volume, transpulmonary pressures, and gas exchange parameters were recorded.

MEASUREMENTS AND MAIN RESULTS

: Thirty moderate to severe acute respiratory distress syndrome patients were included; all were successfully verticalized without serious adverse event. Transpulmonary driving pressure increased slightly from baseline to the 90° position (9 [5 ; 11] 
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 1 Figure 1. Diagram of the progressive verticalization procedure….……………….
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 2 Figure 2. Physiological values evaluated at each position…………………………..

  ERECTION study was a prospective, open label, experimental trial in which each patient was their own control. It was conducted in two intensive care units at CHU Clermont-Ferrand (France). The trial was approved by the French ethics committee (Comité de Protection des Personnes Ouest IV Nantes) on July 2, 2019 and the medicine agency (EudraCT METHODS 2019-A01006-51). The protocol was registered on ClinicalTrial.gov (NCT04371016). Written informed consent was obtained from a relative of each patient, or through an emergency consent procedure, with a subsequent search for consent to continue to participate. The authors vouch for the accuracy and completeness of the data, and for the fidelity of the trial to the protocol.STUDY PATIENTSAdult patients (≥18 years old) admitted to participating ICUs with early moderate to severe ARDS (<12 h and partial pressure of arterial oxygen-to-fraction of inspired oxygen ratio [PaO2/FiO2] <200 mmHg) according to the Berlin criteria[START_REF] Ards Definition | Acute respiratory distress syndrome: the Berlin definition[END_REF] and receiving invasive controlled mechanical ventilation through an endotracheal tube or a tracheostomy, deep sedation (as reflected by a bispectral index [BIS TM , Medtronic, Ireland] value of 30-50), and neuromuscular blockade (to avoid asynchrony, with a train-of-four target of <2/4 at the orbicular site) were eligible. Obese (body mass index [BMI] ≥35 kg.m -2 ) and hemodynamically unstable patients (as defined by an increase of >20% in catecholamine requirements in the last hour, despite blood volume optimization to reach a mean arterial pressure target of 65-75 mmHg), were not included.

Figure 1 .

 1 Figure 1. Diagram of the progressive verticalization procedure.

  median and interquartile range [IQR]. The normality was studied by the Shapiro-Wilk test and the homoscedasticity by the Fisher-Snedecor test. All results were compared according to the positions by mixed effects models, with time and patient's position as variables. A two-sided p-value of less than 0.05 was considered to indicate statistical significance. All analyses were performed using Prism 8 (GraphPad Software, La Jolla, CA, USA) and Stata version 14 (StataCorp, College Station, TX, USA).

Figure 2 .

 2 Figure 2. Physiological values evaluated at each position, from baseline (30° semi-seated position) to the standing upright position (90°), and a repositioning to 30° semi-seated. Values are reported as box and whisker plots. (A) Transpulmonary driving pressure (ΔPL), computed as the difference between end-inspiratory and end-expiratory transpulmonary pressures, as measured using an esophageal balloon catheter. (B) Static compliance of the respiratory system (CRS). (C) Mechanical power in the different study steps. (D) Endexpiratory lung volume, as expressed in milliliters per kilogram of predicted body weight (EELVPBW). (E) Strain, computed as the tidal volume-to-EELV ratio. (F) Pulmonary shunt measured using the venous-to-arterial difference in oxygen concentrations. Mixed-effects models were used.

Le

  Doyen de l'UFR de Médecine, Pr Pierre CLAVELOU Le président du Jury, Pr Emmanuel FUTIER RATIONALE : Patient position, such as prone position, can improve prognoses in acute respiratory distress syndrome. Total verticalization is now possible using dedicated beds, but the effects of the position remain unknown. OBJECTIVES : To evaluate the physiological effects of bed verticalization on ventilation and hemodynamics in cases of early acute respiratory distress syndrome, and to assess safety and feasibility.

pour Marie-Claire et Jean-Paul ! Benjamin, le

  Clément, mon BFF comme on dit chez les fragiles. C'est fou comme une simple soirée d'Halloween dans un bar miteux nous a conduits à une telle amitié. Merci d'avoir toujours été là, à me motiver dans le boulot autour d'un expresso-chiasso, et dans les soirées autour d'une Suze ou d'un Moscow Mule. type que je me coltine depuis la PACES en prépa jusqu'à ma thèse… C'est dire le niveau de complicité qu'on a pu développer. C'est toujours un honneur d'être ton amis / adversaire / partenaire / collègue / ménestrel et tout ce que tu veux d'autre. Maintenant qu'on va tous les deux être thésés, j'espère qu'on va pouvoir redevenir des joueurs professionnels de Peggle, et faire un peu de squash accessoirement. La bise au chat et à Alain, sale aoûtien.

	Et évidemment un gros merci à Victoria Boitouh, la plus belle des jeunes mariées… ne change pas
	Vicky, tu me fais toujours trop me marrer. Sans oublier un gros merci

Table I .

 I Characteristics of ARDS Patients. Values are reported as mean ± standard deviation (SD) or n (%). Body mass index (BMI) is the weight in kilograms divided by the square of the height in meters. ARDS: acute respiratory distress syndrome. PBW: predicted body weight. SAPS II: simplified acute physiology score II. PEEP: positive end-expiratory pressure. Pplat: end-inspiratory plateau pressure. CRS: static compliance of respiratory system. PaO2: arterial partial pressure of oxygen. FiO2: fraction of inspired oxygen. PaCO2: arterial partial pressure of carbon dioxide.

		All patients (N = 30)	Focal ARDS (n = 15)	Non focal ARDS (n = 15)	COVID-19 ARDS (n = 22)	Non COVID-19 ARDS (n = 8)
	Demographic Characteristics					
	Age, years	67 ± 10	70 ± 10	64 ± 9	65 ± 9	73 ± 11
	Male sex, n (%)	23 (77)	15 (100)	8 (53)	16 (73)	7 (88)
	BMI, kg.m -2	29 ± 5	28 ± 4	29 ± 5	27 ± 5	28 ± 4
	Medical respiratory history*, n (%)	8 (27)	5 (33)	3 (20)	4 (18)	4 (50)
	SAPS II	43 ± 12	42 ± 15	43 ± 10	40 ± 11	50 ± 14
	Length of mechanical ventilation, days	2.6 ± 2.6	1.7 ± 1.8	3.5 ± 3	3.1 ± 2.8	1 ± 0
	Focal ARDS †, n (%)	15 (50)	-	-	8 (36)	7 (88)
	COVID-19 ARDS, n (%)	22 (73)	8 (53)	14 (93)	-	-
	Ventilatory parameters					
	PEEP, cmH2O	12 ± 2	13 ± 2	12 ± 2	12 ± 2	12 ± 2
	Tidal volume, mL.kg -1 PBW	6.5 ± 0.6	6.5 ± 0.6	6.4 ± 0.7	6.5 ± 0.7	6.4 ± 0.5
	Respiratory rate, min -1	26 ± 4	26 ± 3	25 ± 5	25 ± 4	26 ± 3
	Pplat, cmH2O	24 ± 3	23 ± 2	26 ± 3	25 ± 3	24 ± 3
	CRS, mL.cmH2O -1	40 ± 13	48 ± 8	31 ± 12	38 ± 13	44 ± 13
	Driving pressure, cmH2O	12 ± 4	10 ± 2	14 ± 4	12 ± 4	11 ± 4
	PaO2, mmHg	73 ± 19	73 ± 19	66 ± 12	74 ± 20	73 ± 17
	PaO2/FiO2, mmHg	113 ± 34	126 ± 36	101 ± 28	113 ± 36	114 ± 32
	PaCO2 mmHg	48 ± 11	45 ± 8	51 ± 13	50 ± 12	43 ± 4
	FiO2, %	68 ± 16	67 ± 19	68 ± 14	67 ± 12	69 ± 26

  There were no technical issues regarding the bed or associated equipment during the trial. No serious technical side effects nor adverse events, such as falls, collapses, or body

	crushing, occurred during the verticalization procedures. No complications, such as unplanned
	extubation, endo-tracheal tube obstruction, pressure ulcers, arrythmia, or cardiac arrest,
	were identified.
	HEMODYNAMIC ASSESSMENTS
	Mean arterial pressures at each step remained stable throughout the protocol and
	following the verticalization steps from baseline to the 90° position (76 [71; 80] to 74 [68; 81]

mmHg, P >0.99), at the cost of a moderate increase in norepinephrine doses (0.19 [0.07; 0.30] to 0.32 [0.16; 0.77] µg.kg -1 .min -1 , P <0.01). Cardiac output decreased

(6.4 [4.5; 7.6] 

to 4.8 [3.2; 5.8] L.min -1 , P <0.01), as did stroke volume (72 [53; 89] to 48 [31; 65] mL, P <0.01), with no increase in lactatemia (1.3 [1.1; 1.7] to 1.4 [1.2; 2.0] mmol.L -1 , P <0.01) (Table

Table II . Physiological characteristics of ARDS according to verticalization steps. Data

 II [95; 178] to 81 [59; 96] mL.cmH2O -1 .kg -1 from baseline to the 90° position, P <0.01), while lung compliance remained stable (from 47 [39; 84] to 43 [30; 63] mL.cmH2O -1 .kg -1 from baseline to the 90° position, P = 0.75).

			Baseline	0° position	30° position	60° position	90° position	30° semi-seated	P-value
	Hemodynamic Status					
	MAP, mmHg		76 (71; 80)				
	Heart rate, min -1		(71; 102)				
	Stroke volume, mL	72 (53; 89)				
	EDV, mL		(128; 220)				
	CO, mL.min -1	End-expiratory lung volume, as expressed in milliliters per kilogram of predicted body
	RAP, mmHg						
	SVR, mmHg.min.mL -1 weight (EELVPBW), increased significantly between baseline and the 30°, 60° or 90° positions, SvO2, %
	PAPm, mmHg						
	PVR, mmHg.min.mL -1 as shown in Table II. Strain was significantly lower at 90° (0.19 [0.17; 0.24]), compared to PAOP, mmHg
	Serum lactate, mmol.L -1					
	baseline (0.27 [0.19; 0.43], P <0.01, Figure 2). Total mechanical power remained stable Norepinephrine, µg.kg -1 .min -1
								0.91
	0.09 throughout the protocol (from 37 [31; 42] to 38 [31; 46] J.min -1 from baseline to the 90° 0.44
								<0.01*
	position, P = 0.83). Pulmonary dead space remained unchanged following verticalization (from <0.01*
								0.75
								<0.01*
	37% [31; 42] to 38% [31; 46] from baseline to the 90° position, P = 0.83). Unfortunately, the <0.01*
								<0.01*
	EIT data could not be used, because of a software issue.		0.92 <0.01*
								0.83
								<0.01*
								0.05
								0.02*
	OXYGENATION						<0.01* 0.94
								<0.01*
		<0.01* There was a significant increase in arterial oxygenation, as assessed by PaO2/FiO2, <0.01*
	during verticalization (from 116 [84; 140] to 136 [113; 186] mmHg from baseline to the 90°
	position, P <0.01) or in PaCO2 (from 47 [42; 52] to 51 [42; 60] mmHg from baseline to the 90°
	position, P <0.01). The pulmonary shunt fraction decreased significantly (from 20% [14; 26] at
	baseline to 12% [6; 16] in the 90° position, P <0.01) (Table II).	
								vs
	10 [7; 14] cmH2O, baseline vs 90° position, P <0.01). Static compliance of the respiratory

system decreased with verticalization (from 41 [27; 50] to 25

[21; 37] 

mL.cmH2O -1 .kg -1 from baseline to the 90° position, P <0.01), with a significant decrease in chest wall compliance (from 117 are presented as median [25th-75th percentiles] unless otherwise indicated. Mixed-effects models was used for all criteria and P-value is that comparing baseline and the 90° position. MAP: mean arterial pressure. EDV: end-diastolic volume. CO: cardiac output. RAP: right atrial pressure. SVR: systemic vascular resistance. SvO2: oxygen saturation of mixed venous blood. PAPm: mean pulmonary artery pressure. PVR: pulmonary vascular resistance. PAOP: pulmonary artery occlusion pressure. PEEP: positive end-expiratory pressure. Pplat: endinspiratory plateau pressure. CRS: static compliance of respiratory system. CL: lung compliance. CCW: chest wall compliance. ΔPL: transpulmonary driving pressure. EELV: end-expiratory lung volume. VD/VT: pulmonary deadspace fraction. PBW: predicted body weight. PaO2: arterial partial pressure of oxygen. FiO2: fraction of inspired oxygen. PaCO2: arterial partial pressure of carbon dioxide.

LA THESE Effets physiologiques et sécurité de la verticalisation de patients en syndrome de détresse respiratoire aigue INTRODUCTION

  : La mobilisation du patient, telle que la mise en décubitus ventral, peut améliorer le devenir de patients souffrant d'un syndrome de détresse respiratoire aiguë (SDRA). La verticalisation complète des patients (station debout) est désormais possible grâce à l'apparition et au développement de dispositifs médicaux dédiés tels que des lits de réanimation spécifiques. Cependant, les effets cliniques et physiologiques d'un tel positionnement sont encore peu connus. OBJECTIFS : Évaluer la faisabilité et la sécurité de la procédure, et étudier les effets physiologiques de la verticalisation sur la ventilation et l'hémodynamique, chez des patients atteints de SDRA précoce en réanimation.METHODES : Les patients ont été progressivement verticalisés, au moyen d'un lit dédié, d'une position semi-assise à 30° (position de base) à différents paliers d'inclinaison (0°, 30°, 60° et 90°), avant de revenir à la position de base. La durée de chaque palier était de 30 minutes, aux termes desquelles a été enregistré un ensemble de paramètres hémodynamiques et ventilatoires, ainsi que biologiques.RESULTATS : Trente patients atteints de SDRA modéré à sévère ont été inclus et ont tous été verticalisés avec succès, sans événement indésirable grave. La pression motrice transpulmonaire a légèrement augmenté entre la position initiale et le palier 90°(9 [5 ; 11] à 10 [7 ; 14] cmH2O, P<0,01). Bien que la compliance du système respiratoire ait diminué (41 [27 ; 50] à 25 [21 ; 37] mL.cmH2O - 1 .kg -1 , P<0,01), la compliance pulmonaire est restée stable (47 [39 ; 84] à 43 [30 ; 63] mL.cmH2O -1 .kg - 1 , P<0,75). Entre la position initiale et le palier 90°, le volume pulmonaire télé-expiratoire a augmenté (26[15 ; 33] à 34 [27 ; 37] mL.kg -1 de poids idéal théorique, P<0,01), le strain alvéolaire a diminué (0,27 [0,19 ; 0,43] à 0,19 [0,17 ; 0,24], P<0,01), et la puissance mécanique n'a pas changé (37 [31 ; 42] à 38 [31 ; 46] J.min -1 , P=0,83). L'hématose s'est améliorée avec une augmentation significative du ratio PaO2/FiO2 (116 [84 ; 140] à 136 [113 ; 186], P<0,01). La pression artérielle moyenne est restée stable au fur et à mesure de la verticalisation au prix d'une discrète majoration des posologies de noradrénaline. Bien que le débit cardiaque ait diminué modérément, on ne note pas d'augmentation significative de la lactatémie ou de la saturation en oxygène du sang veineux mêlé (SvO2), montrant l'absence d'impact sur la perfusion tissulaire. CONCLUSION : La verticalisation des patients en réanimation est une procédure réalisable, sûre et qui peut potentiellement améliorer la fonction pulmonaire ainsi que la mécanique ventilatoire chez des patients atteints de SDRA. La verticalisation en tant qu'alternative ou complément thérapeutique à la prise en charge des patients atteints de SDRA nécessite cependant de plus amples investigations pour en affirmer l'efficacité clinique.

	to 10 [7 ; 14] cmH2O, P<0,01). Although static compliance of the respiratory system
	decreased (41 [27 ; 50] to 25 [21 ; 37] mL.cmH2O-1.kg -1 , P<0,01), lung compliance remained
	stable (47 [39 ; 84] to 43 [30 ; 63] mL.cmH2O -1 .kg -1 , P<0,75). End-expiratory lung volume
	increased (26 [15 ; 33] to 34 [27 ; 37] mL.kg -1 of predicted body weight, P<0,01), thus leading
	alveolar strain to decrease (0,27 [0,19 ; 0,43] to 0,19 [0,17 ; 0,24], P<0,01). Mechanical power
	did not change from baseline to the 90° position (37 [31 ; 42] à 38 [31 ; 46] J.min -1 , P=0,83).
	There was a significant increase in arterial oxygenation, as assessed by an increase of
	PaO2/FiO2 ratio (116 [84 ; 140] à 136 [113 ; 186], P<0,01). Mean arterial pressure remained
	stable, although cardiac output decreased moderately, with no changes in lactatemia or
	oxygen saturation of mixed venous blood (SvO2). Mots-clés : Réanimation, Hémodynamique, Syndrome de détresse respiratoire aiguë, Mécanique
	ventilatoire, Ventilation mécanique, Physiologie respiratoire, Verticalisation, COVID-19
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CONCLUSIONS : Bed verticalization is feasible, safe, and may improve lung function and respiratory mechanics in patients with acute respiratory distress syndrome. Its effects on clinical outcomes should be investigated further. ABSTRACT RESUME DE DATE DE LA SOUTENANCE : 19 octobre 2022, 19h15
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