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Characteristics, ventilatory management and outcome of acute respiratory distress syndrome caused by leptospirosis: retrospective cohort study of 107 admissions in French Polynesia
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Following the initial description of ARDS, several definitions were proposed. In 1994, the American-European Consensus Conference (AECC) defined ARDS as the acute onset of hypoxemia (arterial partial pressure of oxygen to fraction of inspired oxygen [PaO2/FIO2] ≤ 200 mmHg) with bilateral infiltrates on frontal chest radiograph, with no evidence of left atrial hypertension. Because of its limitations, the definition has been criticized and, in 2012, a revised definition of clinical criteria for ARDS, the Berlin Criteria, was established to classify patients according to their disease severity [START_REF] Ards Definition | Acute respiratory distress syndrome: the Berlin Definition[END_REF]. ARDS was now classified depending on oxygenation criteria as mild, moderate, or severe. Oxygenation criteria were found to correlate well with severity, with a respective mortality of 7, 32, and 45% in mild, moderate, and severe ARDS [START_REF] Ards Definition | Acute respiratory distress syndrome: the Berlin Definition[END_REF]. The influence of ARDS definition on the prognosis of leptospirosis-associated ARDS has never been evaluated.

The main objective of this retrospective study was to describe the clinical characteristics and ventilatory management of patients admitted to ICU with leptospirosis-associated ARDS. Our secondary aims were to estimate whether ventilatory management and mortality in these patients have changed over a 20-year period, especially in the era of the revised clinical criteria for ARDS with the current Berlin definition, and to determine the factors associated with a poor prognosis.

METHODS

We conducted a retrospective study from January 2000 to March 2020. According to French law, neither informed consent nor approval by an ethics committee is necessary for the extraction of anonymous data or for the analysis of patients' medical files. We nonetheless received an approval from the Ethics and Research committee of French Society of Anesthesiology and Intensive Care (SFAR) (IRB 00010254-2020-196).

All adult patients who had been admitted in the 24-bed ICU at the French Polynesia Hospital with documented leptospirosis were identified by searching the ICU electronic database for code A27 in the International Classification of Diseases-10th revision and with a diagnosis of ARDS were included. There were no exclusion criteria. Documented leptospirosis was defined according to the recommendations of the Haute Autorité de Santé (13) by at least one among the following: detection of immunoglobulin M (IgM) using enzyme-linked immunosorbent assay (ELISA), microscopic agglutination test (MAT) with a positivity threshold of 1:400 or the presence of positive blood or urine polymerase chain reaction (PCR). ARDS was defined using the 1994 American /European Consensus Conference criteria until 2012, and using the criteria from Berlin definition thereafter [START_REF] Ards Definition | Acute respiratory distress syndrome: the Berlin Definition[END_REF].

Data collection

Data were collected from patients' electronic medical records by physicians trained in intensive care according to a standardized protocol. 

RESULTS

Between January 2000 and March 2020, 1341 patients were hospitalized with documented leptospirosis, among which 578 had severe disease and required ICU admission. Over the study period, 107 patients (18.5%) developed ARDS; 81 of them (75.7%) were discharged alive and 26 (24.3%) died (Figure 1). 

Baseline characteristics on admission

The characteristics of leptospirosis-associated ARDS patients at ICU admission are detailed in The median length of stay was 7 (3-10) days. Length of stay was significantly longer in survivors than in non-survivors (1 [START_REF] Costa | Global Morbidity and Mortality of Leptospirosis: A Systematic Review[END_REF][START_REF] Abela-Ridder | Estimating the burden of human leptospirosis[END_REF][START_REF] Jiménez | Leptospirosis: Report from the task force on tropical diseases by the World Federation of Societies of Intensive and Critical Care Medicine[END_REF] days and 8 [START_REF] Gouveia | Leptospirosis-associated severe pulmonary hemorrhagic syndrome, Salvador, Brazil[END_REF][START_REF] Vandroux | Acute respiratory distress syndrome in leptospirosis[END_REF][START_REF] Needham | Timing of Low Tidal Volume Ventilation and Intensive Care Unit Mortality in Acute Respiratory Distress Syndrome. A Prospective Cohort Study[END_REF][START_REF] Urner | Time-varying intensity of mechanical ventilation and mortality in patients with acute respiratory failure: a registry-based, prospective cohort study[END_REF][START_REF] Amato | Driving pressure and survival in the acute respiratory distress syndrome[END_REF][START_REF] Neto | Mechanical power of ventilation is associated with mortality in critically ill patients: an analysis of patients in two observational cohorts[END_REF][START_REF] Ards Definition | Acute respiratory distress syndrome: the Berlin Definition[END_REF] days, p<0.001). The overall incidence of ventilator-associated pneumonia was 29% (35.8% in survivors and 7.7% in non-survivors, p=0.006) (Table 7). Mortality in in patients with leptospirosis-associated ARDS has been reported to be lower than that of ARDS of other etiologies [START_REF] Máca | Past and Present ARDS Mortality Rates: A Systematic Review[END_REF].

The pathophysiology of ARDS in leptospirosis is particular, compared than other etiology of ARDS. Alveolar involvement occurs by a mechanism that is not fully understood: it could be due to direct involvement of the leptospires at the alveolar level or by a toxin mechanism [START_REF] Fraga | Leptospirosis: Aspects of Innate Immunity, Immunopathogenesis and Immune Evasion From the Complement System[END_REF].

These mechanisms lead to endothelial activation, by activation of the Toll like 2 receptor [START_REF] Del | Immune receptors and adhesion molecules in human pulmonary leptospirosis[END_REF]. This endothelial activation leads to a significant production of nitric oxide and a significant release of cytokines takes place at the vascular level (26)(27) [START_REF] Maciel | High serum nitric oxide levels in patients with severe leptospirosis[END_REF]. This inflammatory discharge leads to activation of adhesion molecules, including E selectins and ICAM 1 (29)(30) [START_REF] Goeijenbier | Markers of endothelial cell activation and immune activation are increased in patients with severe leptospirosis and associated with disease severity[END_REF]. It then appears a widening of the intercellular junctions [START_REF] Croda | Leptospirosis pulmonary haemorrhage syndrome is associated with linear deposition of immunoglobulin and complement on the alveolar surface[END_REF]. This leads to deposition of IgG, IgA and IgM (32) [START_REF] Nally | Alveolar septal deposition of immunoglobulin and complement parallels pulmonary hemorrhage in a guinea pig model of severe pulmonary leptospirosis[END_REF], activating C3 fraction of complement, favoring macrophage migration in the alveolar lumen [START_REF] Croda | Leptospirosis pulmonary haemorrhage syndrome is associated with linear deposition of immunoglobulin and complement on the alveolar surface[END_REF]. These macrophages produce hemophagocytosis of type II pneumocytes [START_REF] Schuller | Immunohistochemical detection of IgM and IgG in lung tissue of dogs with leptospiral pulmonary haemorrhage syndrome (LPHS)[END_REF].

The intra-alveolar hemorrhage produced is favored by thrombocytopenia due to leptospirosis.

It is interesting to note that a platelet count of less than 30 G / L is found to be an independent factor of mortality in our study. However, we did not show a difference in the platelet pool transfused during the first three days.

Regarding the analysis according to the publication of the Berlin criteria, we observe an evolution of ventilatory management with a decrease in tidal volume in the AECC criteria cohort, over the first three days of treatment. It corresponds to the implementation of a protective ventilation strategy which has shown a benefit in numerous studies [START_REF] Villar | A high positive endexpiratory pressure, low tidal volume ventilatory strategy improves outcome in persistent acute respiratory distress syndrome: a randomized, controlled trial[END_REF], [START_REF] Amato | Driving pressure and survival in the acute respiratory distress syndrome[END_REF], and is recommended in the management of ARDS [START_REF]Recommandations pour la prise en charge du SDRA -La SFAR[END_REF]. These changes in management, in particular on the decrease in tidal volume over the time in patients with ARDS, are consistent with a study carried out on 18,302 patients under mechanical ventilation in ICU between 1998 and 2010 [START_REF] Esteban | Evolution of mortality over time in patients receiving mechanical ventilation[END_REF]. On the other hand, this international multicenter study also found an increase in PEEP over time which was not found in our study. In 2015, Needham and al showed an increase of 1 ml/kg PBW in initial tidal volume was associated with a 23% increase in ICU mortality risk (adjusted hazard ratio, 1.23; 95%CI:1.06-1.44; p = 0.008) and a 1 ml/kg PBW increase subsequent tidal volumes compared with the initial tidal volume. was associated with a 15% increase in mortality risk (adjusted hazard ratio, 1.15; 95% CI, 1.02-1.29; p = 0.019) [START_REF] Needham | Timing of Low Tidal Volume Ventilation and Intensive Care Unit Mortality in Acute Respiratory Distress Syndrome. A Prospective Cohort Study[END_REF].

However, there is no difference in our study in terms of mortality between the AECC criteria cohort and the Berlin criteria cohort, despite the significant decrease in tidal volume. This may be due to insufficient power considering the number of patients included. In 2015, Amato and al studied the impact of driving pressure on mortality in a cohort of 3562 patients with ARDS.

They showed an 1-SD increment in driving pressure (approximately 7 cmH2O ) was associated with increased mortality (relative risk, 1.41; 95% confidence interval [CI], 1.31 to 1.51; P<0.001) [START_REF] Amato | Driving pressure and survival in the acute respiratory distress syndrome[END_REF]. In our study, no evolution was demonstrated in terms of driving pressure according to the ARDS definition, this may be due to an insufficient number of data could be collected on this parameter (78/107 at D1).

Finally, this work raises questions about the place of more specific therapies in the management of ARDS in leptospirosis. There is no difference for prone positioning treatment and the use of neuromuscular blocking agents between "survivors" and "non survivors". The use of ECMO as a therapy appears interesting, because leptospirosis induces deep and very hypoxemic ARDS, but rapidly reversible and not leading, to our knowledge, to pulmonary fibrosis. A few studies with a small number of patients appear to show encouraging results in this direction [START_REF] Chavez | A case of leptospirosis with acute respiratory failure and acute kidney injury treated with simultaneous extracorporeal membrane oxygenation and haemoperfusion[END_REF] [START_REF] Chaikajornwat | Leptospirosis manifested with severe pulmonary haemorrhagic syndrome successfully treated with venovenous extracorporeal membrane oxygenation[END_REF] [START_REF] Fonseka | Role of Plasmapheresis and Extracorporeal Membrane Oxygenation in the Treatment of Leptospirosis Complicated with Pulmonary Hemorrhages[END_REF]. It is also the first study to examine the evolution of the ventilatory management of ARDS in leptospirosis over the time, thanks to the analysis according to the publication of the Berlin criteria.

This study has several limitations. First, this is a monocenter study. However, the results found are consistent with the existing literature. Second, the Berlin criteria changed the definition of ARDS, including patients with mild to moderate ARDS (PaO2/FiO2 = [200-300]. We performed a sub-group analysis excluding patients with mild to moderate ARDS, in order to have a more homogeneous group of patients over 20 years. The mortality found in this subgroup (26.7%) is similar to that found for all patients (24.3%). Third, this study does not make it possible to conclude on the benefit of ECMO therapy in patients with ARDS in leptospirosis due to the small number of patients [START_REF] Gouveia | Leptospirosis-associated severe pulmonary hemorrhagic syndrome, Salvador, Brazil[END_REF] who were able to benefit from this therapy in our cohort.

Finally, the characteristics on admission differ between the AECC criteria cohort and Berlin criteria cohort. This may be due to an intensification of the policy of prevention of the risks of infection by leptospirosis over time in French Polynesia, implying a more rapid diagnosis of cases of leptospirosis, and therefore an adapted antibiotic therapy introduced earlier (41)(42)

CONCLUSION

Acute Respiratory Distress Syndrome in leptospirosis is a pathology leading to significant mortality. It mainly affects young men with no comorbidities. In this retrospective study including 107 patients with leptospirosis and ARDS, we found that older age, severe hypoxemia, SAPS II higher than 61, and severe thrombopenia at ICU admission were associated with poor prognosis. Finally, although patients received lower tidal volume ventilation after the Berlin definition has been established, we found that ventilation practices have changed only slightly over time.

.
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	FIGURES
	Figure 1. Flow of patients through study

MAT: Microscopic agglutination test PaCO2: Partial Pressure of Arterial Carbon Dioxide PaO2: Partial Pressure of Arterial Oxygen PCR: Polymerase Chain Reaction

  

	INTRODUCTION
	Leptospirosis is a zoonotic bacterial disease with a broad geographical distribution and a global
	incidence of 1.03 million cases per year. Leptospirosis, which is responsible for 58,900 deaths
	per year worldwide (1), constitutes a public health problem according to the World Health
	Organization (2).
	Leptospirosis can cause a wide range of symptoms and, in patients with severe disease, can lead
	to multi-organ failure and intensive care unit (ICU) admission (3). A recent retrospective
	multicenter study of 160 patients with documented leptospirosis from 79 ICUs in metropolitan
	France reported an hospital mortality of 9% (4). The need for invasive mechanical ventilation
	within 48 hours after ICU admission due to acute respiratory failure was associated with
	increased hospital mortality (odds ratio 44.12 [95% confidence interval, 5.56-389.44] (4).
	Pulmonary manifestations in leptospirosis, first described by Moeschler in 1943, occur in 20-
	70% of the patients (5). Endothelial damage and intra-alveolar hemorrhage, also known as
	leptospirosis-associated severe pulmonary hemorrhagic syndrome with reported mortality rate
	rates up to 50-70% (6), may develop in patients with severe pulmonary leptospirosis leading to
	subsequent acute respiratory distress syndrome (ARDS).
	Although prior studies have provided important insights into clinical features of patients with
	PEEP: Positive End-Expiration Pressure
	severe leptospirosis, there is a gap in knowledge about the incidence, clinical management and
	PT: prothrombin time
	prognosis of patients requiring mechanical ventilation because of leptospirosis, especially those
	PTT: Partial Thromboplastin Time
	with leptospirosis-associated ARDS. This assessment could have obvious implications for
	RRT: Renal Replacement Therapy
	clinical practice given the prevalence of ARDS in this patient population. A recent multicenter
	SAPS II: Simplified Acute Physiology Score
	retrospective study in 160 ICU patients with proven leptospirosis reported an incidence of
	SOFA: Sepsis-related Organ Failure Assessment
	SpO2: Peripheral Oxygen Saturation

ARDS of 36%

[START_REF] Miailhe | Severe leptospirosis in non-tropical areas: a nationwide, multicentre, retrospective study in French ICUs[END_REF]

. A small retrospective cohort study, including data from 39 patients admitted in ICU with leptospirosis and presenting with a moderate to severe ARDS, reported better prognosis of leptospirosis-associated ARDS than that of other causes of ARDS, with an overall mortality rate of 23%

[START_REF] Vandroux | Acute respiratory distress syndrome in leptospirosis[END_REF]

. Understanding the factors associated with outcome of leptospirosisassociated ARDS could lead to effective interventions to improve care. Prior studies have evidenced that, in patients requiring invasive mechanical ventilation, timely recognition of ARDS and adherence to strategies aimed at preventing ventilator-induced lung injury (i.e. lungprotective mechanical ventilation) are important for improving outcome especially reducing mortality (

  Data were collected on admission, during the first 72 hours after ICU admission, and at ICU discharge. Gaussian distribution) was assessed using the Shapiro-Wilk test. Comparisons between groups were carried out, for the quantitative variables, with the use of the Student t test or the Mann-Whitney U test if the conditions for applying the t-test were not met.Homoscedasticity was studied with the use of the Fisher-Snedecor test. Categorical variables were compared using the Chi squared test or, where appropriate, using the Fisher exact test. The results are expressed as odds ratios with 95% confidence intervals. All tests were two-tailed and p < 0.05 was considered to indicate statistical significance. The Sidak correction was applied for multiple testing of pairwise comparisons.

	clinical manifestations (fever, myalgia, arthralgia, jaundice, abdominal pain, nausea and/or
	vomiting, hepatosplenomegaly, oligo-anuria, hemorrhagic syndrome, meningeal syndrome,
	dyspnea, cough, the requirement of vasoactive drugs, hemoptysis); delay from the onset of
	symptoms to ICU admission ; and the Simplified Acute Physiology Score (SAPS II) and Sepsis The use of adjunctive treatments was also recorded and included the use of prone position,
	Organ Failure Assessment (SOFA) score. neuromuscular blocking agent, nitric oxide, extra-corporeal membrane oxygenation (ECMO),
	and corticosteroids. The requirement for vasoactive drugs (norepinephrine or dobutamine),
	Clinical data were ventilation parameters (minute ventilation, tidal volume (VT), respiratory antibiotics, renal replacement therapy and the transfusion of blood products were recorded daily
	rate, maximum plateau pressure (Pplat), maximum peak pressure, positive end-expiratory for the first 72 hours.
	pressure (PEEP), maximum FiO2, minimum SpO2; data obtained from transthoracic
	Biological data collected during the first 72 hours included arterial blood gases, lactate level,
	C-reactive protein, serum albumin, brain natriuretic peptide (BNP), troponin white blood cell

Data collected on inclusion included age; gender; height; weight; comorbidities (diabetes, hypertension, cirrhosis, chronic respiratory failure, ischemic heart disease, chronic heart failure, immune deficiency, chronic kidney disease, brain damage, cancer, alcohol and tobacco use); echocardiography (especially left ventricle ejection fraction, subaortic velocity time index) and central venous oxygen saturation (mmHg). The clinical data were collected once daily during the first 72 hours.

Static driving pressure of the respiratory system was calculated as plateau pressure minus positive end-expiratory pressure. Compliance of the respiratory system (zero flow conditions) was calculated as tidal volume divided by driving pressure (Crs = VT/(Pplat-PEEP)). The ventilation ratio (VR), a simple bedside index which was shown to correlate well with pulmonary dead space fraction (VD/VT) in patients with ARDS was calculated as minute ventilation (L/min) × PaCO2 (mmHg) / (predicted body weight × 100 × 37.5), as previously described

[START_REF] Sinha | Physiologic Analysis and Clinical Performance of the Ventilatory Ratio in Acute Respiratory Distress Syndrome[END_REF]

. Dynamic mechanical power was calculated as 0.098 × VT × RR × (peak inspiratory pressure -(0.5×driving pressure)) as described previously

[START_REF] Gattinoni | Ventilator-related causes of lung injury: the mechanical power[END_REF]

. count, hemoglobin level, platelet count, protrombin time, ratio of activated partial thromboplastin time, total and direct bilirubin, aspartate aminotransferase, alanine aminotransferase, gamma glutamyl transpeptidase, alkaline phosphatases, blood urea nitrogen, serum creatinine, serum potassium, and urine output.

The following were recorded at ICU discharge: ICU length of stay, duration of mechanical ventilation, ICU mortality, need for tracheal reintubation or tracheostomy, occurrence of ventilator-associated pneumonia (VAP), use of non-invasive ventilation (NIV) and/or high flow nasal oxygen therapy and the need for ECMO.

Statistical analysis

All statistical analyzes were performed with Stata software (version 15, StataCorp, College Station, US). Categorical data were presented as proportion (%), and quantitative data were presented as mean (SD) or median (IQR) depending of the type of variable distribution.

Normality (

Multiple logistic generalized linear regression models were considered to evaluate factors associated with mortality. Covariates were selected according to univariate results and their clinical relevance. Particular attention was paid to multicollinearity and interactions between covariates.

Table 1 .

 1 The mean age was 38±17 years. Patients who died were older than those who did not (47.9±18 yr vs 34.6±15 yr, p<0.001). The severity scores on admission, SAPS II and SOFA,

	were higher in non-survivors compared with survivors (84.5±16 vs 50.9±14, p<0.001 and
	15.6±3.5 vs 13.8±3.7, p<0.001; for SAPS II and SOFA score in non-survivors and survivors,
	respectively). Overall, there were no other statistically significant differences between non-
	survivors and survivors except for oligo-anuria which was more common in non-survivors
	(69% vs 43.7%, p=0.024).

Table 1 .

 1 Baseline characteristics on ICU admission

	All	Survivors	Non-survivors	
	(n=107)	(n=81)	(n=26)	p value

Table 2 .

 2 Ventilator settings and gas exchange on ICU admission

	All (n=107)	Survivors (n=81)	Non survivors (n=26)	p value

Table 3 .

 3 Laboratory findings on ICU admission

		All (n=107)	Survivors (n=81)	Non survivors (n=26)	p value
	Arterial lactates, UI/L	381 (255-800) 328 (218-526) 1042 (401-1557) <0.0001
	BNP, pg/L	684 (397-1275) 879 (240-1246) 909 (671-1713) 0.1655
	Troponin, μg/L	0.5 (0.14-1.78) 0.42 (0.14-1.75) 0.7 (0.17-2.79) 0.4391
	CRP, mg/L	249 (111-315) 237 (111-315)	280 (111-318)	0.867
	Albumin, g/L	30 (26-34)	30 (26-33)	30 (26-35)	0.71
	WBC count, giga/L	17.5 (13.3-22) 18.3 (13.4-22.2) 15.8 (13.2 -19)	0.18
	Hemoglobin, g/dL	10.4 (8.4-11.9) 10.4 (8.4-11.5)	11 (7.6-13.4)	0.873
	Platelets, G/L	34 (23-57)	43 (27-69)	25 (20-41)	0.012
	Total bilirubin, mg/L	39.5 (21-75)	37.5 (17.5-74)	42 (26-88)	0.265
	Direct bilirubin, mg/L	48 (26-70)	47 (25-63)	52 (26-92)	0.536
	TGO, UI/L	72 (51-125)	78 (52-113)	70 (50-142)	0.925
	GPT, UI/L	42 (33-66)	41 (33-66)	43 (34-64)	1
	ALP, UI/L	114 (86-138)	116 (86-147)	96 (76-127)	0.51
	GGT, UI/L	70 (40-110)	74.5 (42-110)	45 (24-212)	0.477
	PT, %	68.5±15	69.5±13	65±20	0.276
	ACT	1.1±0.26	1.1±0.21	1.2±0.39	0.213
	Blood urea nitrogen, g/L	1.06±0.59	0.97±0.56	1.3±0.62	0.01
	Serum creatinine, mg/L	32 (20-51)	29 (19-46)	48 (27-64)	0.005
	Serum potassium, mmol/L	4.42±1.1	4.34±0.94	4.82±1.6	0.391
	ACT, activated partial thromboplastin time; ALP, alkaline phosphatase BNP, brain natruiretic
	peptide; CRP, C-reactive protein ; GGT: gamma-glutamyl transferase; TGO, Glutamate	
	Oxaloacetate Transaminase; GTP, glutamate pyruvate transaminase; PT, prothrombin time;
	WBC, white blood cells				

Table 4 .

 4 Hemodynamic data on ICU admission

	All (n=107)	Survivors (n=81)	Non survivors (n=26)	p value

Table 5 .

 5 Evolution of ventilator settings over the first 72 hours

	Crs, compliance of the respiratory system; FiO2, fraction of inspired oxygen; ND, not determined; PaO2, arterial partial pressure of oxygen; PaCO2,
	arterial partial pressure of carbon dioxide; PEEP, positive end-expiration pressure; PPlat, plateau pressure; SpO2, peripheral arterial oxygen
	saturation; VR,ventilation ratio.

Table 6 .

 6 Adjuvant therapeutic measures in survivors and non-survivors

		All	Survivors	Non-survivors	
	Variables, n (%)	(n=107)	(n=81)	(n=26)	p value
	Neuromuscular blocking agents	79 (73.8)	57 (70.3)	22 (84.6)	0.233
	Prone position	27 (25.2)	20 (24.7)	7 (26.9)	0.82
	NO	14 (13.2)	9 (11.2)	5 (19.2)	0.296
	ECMO	6 (5.6)	3 (3.7)	3 (11.5)	0.025
	Use of NIV before intubation	4 (3.7)	3 (3.7)	1 (3.8)	1.00
	Use of HFNC before intubation	32 (29.9)	26 (32.1)	6 (23.1)	0.38
	Use of desmopressin	24 (23.1)	18 (23.1)	6 (23.1)	1
	Use of cortisteroids	64 (65.3)	49 (66.2)	15 (62.5)	0.74
	Use of dobutamine	33 (31)	26 (32.1)	7 (26.9)	0.62
	RRT	44 (42.7)	31 (40.3)	13 (50)	0.38
	ECMO, extracorporeal membrane oxygenation; HFNC, high flow nasal oxygen therapy; NIV, non-
	invasive ventilation; NO, nitrous oxide; RRT, renal replacement therapy		

Table 7 .

 7 Patient outcomes

	All	Survivors	Non-survivors	
	(n=107)	(n=81)	(n=26)	p value

Table 8 .

 8 Risk factors associated with mortality in patients with leptospirosis

	Variables	Odds ratio (95% CI)	p value
	Age >36 yr	8.96 (1.07 to 74.64)	0.043
	SAPS II score >61	90.77 (4.5 to 1809.5)	0.0003
	SOFA score >15	3.34 (0.39 to 28.26)	0.267
	Oligo-anuria	0.87 (0.1 to 7.75)	0.9
	PaO2/FiO2 <100	29.33 (1.45 to 591)	0.027
	PaCO2 >50 mmHg	3.73 (0.32 to 43.48)	0.292
	pH <7.1	0.65 (0.06 to 7.27)	0.73
	Base excess <-8	3.81 (0.42 to 34.28)	0.233
	Platelet count <30 G/L	43 (1.8 to 1010)	0.02
	Blood urea nitrogen >1 g/L	0.66 (0.06 to 6.63)	0.723
	Serum creatinine >30 mg/L	0.17 (0.01 to 2.56)	0.2

Table 9 .

 9 Ventilator settings according to ARDS definition criteria

		All (n=107)	AECC criteria (n=62)	Berlin criteria (n=45)	p value
	Minute volume, L/min	8.65±2.41	8.93±1.67	8.26±3.17	0.251
	Respiratory rate, breaths/min	24±8.16	20.8±5.2	29±9	<0.0001
	Tidal volume, mL	467±106	505±100	413±90	<0.0001
	PEEP, cmH2O	10.1±3.2	10.2±3.6	10±2.7	0.823
	Static Pplat, cmH2O	29.3±6.7	32.2±7.3	25.6±3.4	<0.0001
	Peak pressure, cmH2O	36.6±0.8	35.9±7.5	37.5±6.3	0.292
	Static Crs, mL/cmH2O	25.8±7.8	24.4 ±7.57	27.7±1.54	0.073
	Static driving pressure, cmH2O	19.1±2 6	21.9±6.1	15.4±0.56	<0.0001
	VR	1.96±0.74	2.13±0.58	1.89±0.79	0.371
	Dynamic mechanical power, J/min	23.9±8.37	23.4±7.9	24.4±9	0.619
	FiO2, %	89.3±17.4	93.6±14.3	83.4±19.6	0.0043
	PaO2, mmHg	85.4±35.5	84.1±38.6	87.5±31.1	0.679
	PaO2/FiO2	122±73.4	99 ±59.8	152±80	0.0005
	SpO2, %	88.2±16.8	86.6±18.7	90.7±13.2	0.2
	Arterial pH,	7.16±0.17	7.13±0.19	7.19±0.14	0.0701
	PaCO2, mmHg	57.4±18.1	60.26±20.8	53.6±12.6	0.0439
	Serum bicarbonate, mmol/L	18.9±5	19.±5.4	18.3±4.4	0.3019
	Base excess	-8.17±6.9	-8.14±7.5	-8.22±6	0.958
	Crs, compliance of the respiratory system; FiO2, fraction of inspired oxygen; PaCO2, arterial partial
	pressure of carbon dioxide; PaO2, arterial partial pressureof oxygen; PEEP, positive end-expiration
	pressure; PPlat, plateau pressure ; SpO2, peripheral oxygen saturation; VR, ventilation ratio.	

Table 10 :

 10 Evolution of respiratory characteristics during the first 72 hours according to the ARDS definition criteria PaO2, arterial partial pressure of oxygen; PEEP, positive end-expiration pressure; PaCO2: arterial partial pressure of carbon dioxide; SpO2, peripheral oxygen saturation.

			Day 1			Day 2			Day 3	
		AECC criteria	Berlin criteria		AECC criteria	Berlin criteria		AECC criteria	Berlin criteria	
		(n=62)	(n=45)	p value	(n=62)	(n=45)	p value	(n=62)	(n=45)	p value
	Minute volume, L/min	8.93 (1.67)	8.26 (3.17)	0.251	9.34 (1.97)	9.21 (3.81)	0.486	9.70 (2.4)	8.9 (2.58)	0.671
	Respiratory rate, breaths/min	20.8 (5.2)	29 (9)	<0.0001	21.2 (5)	25.8 (6.4)	0.011	22.1 (3.9)	25 (7.2)	<0.0001
	Tidal volume, mL	505 (100)	413 (90)	<0.0001	506 (90)	435 (119)	0.452	498 (94)	450 (131)	0.045
	PEEP, cmH2	10.2 (3.6)	10 (2.7)	0.823	9.7 (2.9)	9.5 (2.3)	0.88	9.1 (2.7)	9.5 (2)	0.166
	Plateau pressure, cmH2O	32.2(7.3)	25.6(3.4)	<0.0001	31.4 (7.8)	25.7 (4.17)	0.784	30.1 (6.3)	24.8 (4.6)	0.263
	Peak pressure, cmH2O	35.9 (7.5)	37.5 (6.3)	0.292	36.1 (7.5)	33.6 (7.4)	0.069	34.6 (6.5)	34.1 (8.1)	0.504
	Compliance, mL/cmH2O	24.4 (7.57)	27.7 (1.54)	0.073	25.3 (8.2)	28.6 (8.1)	0.836	27.1 (15.2)	32.3 (17.6)	0.417
	Driving pressure, cmH2O	21.9 (6.1)	15.4 (0.56)	<0.0001	21.4 (6.15)	16.02. (3.94)	0.654	20.2 (5.58)	15.2. (4.17)	0.284
	Ventilation ratio	2.13 (0.58)	1.89 (0.79)	0.371	2.23 (0.85)	1.94 (1.2)	0.684	1.9 (0.81)	1.84 (0.8)	0.953
	Mechanical power, J/min	23.4 (7.9)	24.4 (9)	0.619	21.3 (9.69)	22.7 (9.2)	0.885	27.4 (9)	30 (12)	0.257
	FiO2, %	93.6 (14.3)	83.4 (19.6)	0.0043	80.8 (19.9)	57.5 (22.9)	0.005	68.1 (21.2)	50.1 (21.9)	0.158
	PaO2, mmHg	84.1 (38.6)	87.5 (31.1)	0.679	105 (50.1)	95.6 (26.1)	0.151	94 (30)	93.5 (26.5)	0.715
	PaO2/FiO2	99 (59.8)	152 (80)	0.0005	151 (92)	220 (92)	0.315	164 (91)	225 (98)	0.813
	SpO2, %	86.6 (18.7)	90.7 (13.2)	0.2	93.8 (7.4)	95.8 (3.4)	0.539	96.1 (4.04)	95.6 (4.4)	0.151
	Arterial pH, mmHg	7.13 (0.19)	7.19 (0.14)	0.0701	7.22(0.15)	7.28 (0.12)	0.466	7.29 (0.14)	7.36 (0.12)	0.309
	PaCO2, mmHg	60.26 (20.8)	53.6 (12.6)	0.0439	55.1 (16.7)	46.8 (8.6)	0.203	51.2 (14.1)	46 (12)	0.769
	Alkaline reserve, mmol/L	19. 3 (5.4)	18.3 (4.4)	0.3019	21.9 (5.1)	22.1 (13)	0.347	23.2 (5.1)	23.5 (5.1)	0.337
	Base excess	-8.14(7.5)	-8.22(6)	0.958	-4.91(7.1)	-4.39(7.8)	0.388	-1.2(7.8)	-0.18(6.6)	0.256
	FiO2, oxygen fraction inspired;									
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 11 Adjuvant therapeutic measures according to the ARDS definition criteria

		Total	AECC criteria	Berlin criteria	
	Variables, n (%)	(n=107)	(n=62)	(n=45)	p-value
	Neuromuscular blocking agents	79 (76)	48 (80)	31 (70)	0.26
	Prone position	27 (25.3)	19 (30.6)	8 (17.7)	0.13
	NO	14 (13.2)	13 (21)	1 (2.27)	0.005
	ECMO	6 (10.3)	2 (15.4)	4 (8.9)	0.498
	Use of NIV before intubation	32 (30)	15 (24.2)	17 (37.8)	0.13
	Use of HFNC before intubation	4 (3.74)	0 (0)	4 (8.9)	0.029
	Use of desmopressin	24 (23.08)	20 (32.3)	4 (9.52)	0.007
	Use of cortisteroids	64 (65)	30 (52.6)	34 (83)	0.002
	Use of dobutamine	27 (25.3)	19 (30.6)	8 (17.7)	0.13
	RRT	44 (42.7)	22 (37.9)	22 (49)	0.265
	ECMO, extracorporeal membrane oxygenation; HFNC, high flow nasal oxygen therapy; NIV, non-
	invasive ventilation; NO, nitrous oxide; RRT, renal replacement therapy		

Table 12 :

 12 Patient outcome according to the ARDS definition criteria

	Variables	Total (n=107)	AECC criteria (n=62)	Berlin criteria (n=45)	p-value
	Mortality, n (%)	26 (24.3)	19 (30.6)	7 (15.6)	0.072
	Duration of mechanical ventilation, days	7.29 (3-10)	7.17 (3-10)	7.47 (4-10)	0.667
	Duration of ICU stay, days	9.4(4-13)	9 (4-12)	9.9 (7-14)	0.46
	VAP, n (%)	31 (29)	21 (33.9)	10 (22.2)	0.19
	Reintubation, n (%)	3 (2.8)	2 (3.23)	1 (2.22)	0.756
	Tracheostomy, n (%)	0	0	0	0
	VAP, Ventilation-associated Pneumonia			

SvO2: Central Venous Oxygen Saturation

TNF: Tumor Necrosis Factor

VAP: Ventilator-Associated Pneumonia

WHO: World Health Organization

There were no statistically significant differences in hemodynamic variables between nonsurvivors and survivors (Table 4). Mean central SvO2 was higher in survivors than in nonsurvivors (75.8±9.8 % vs 58.5±11.1%, p=0.01).

The evolution of mechanical ventilation variables over the first 72 hours is shown in Table 5.

Compared with non-survivors, survivors had higher PaO2/FiO2 ratio over the first three days.

Compared to survivors, non-survivors received significantly lower tidal volume on both day 2 and day 3, without statistically significant difference in PEEP levels. There were no statistically significant differences in the main ventilation variables between survivors and non-survivors on day 2 and day 3.

Adjunctive treatments in patients who survived and in those who did not are summarized in Table 6. Neuromuscular blocking agents, corticosteroids, and renal replacement therapy were the most frequently used adjuncts. Neuromuscular blockade agents were used in 73% and 85% of survivors and non-survivors, without statistically significant between-group differences. The use of ECMO was relatively low in both survivors and non survivors. All patients required vasoactive support using norepinephrine.

The factors associated with ICU mortality are presented in Table 8.

A SAPS II score >61 on admission (odds ratio 8.96 [95%CI 4.5 to 1809]), a PaO2/FiO2 ratio of <100 on Day 1 (odds ratio 29.33 [95%CI 1.45 to 591]) and a platelet count <30 G/L on day 1 (odds ratio 43 [95%CI 1.8 to 1010]) were independently associated with mortality

Ventilator settings according to ARDS definition

The ventilator settings on ICU admission according to the ARDS definition are presented in Table 9. A total of 62 (58%) patients were hospitalized before 2012 (ARDS defined using the AECC criteria) and 45 (42%) patients after 2012 (ARDS defined using the Berlin criteria).

Compared with patients in the Berlin criteria cohort, patients in the AECC criteria cohort had higher plateau pressure (32.2±7.3 cmH2O vs 25.6±3.4 cmH2O, p<0.001), higher driving pressure (21.9±6.1 cmH2O vs 15.4 ±0.56 cmH2O, p <0.001), received higher FiO2 (93.6±14.3 % vs 83.4±19.6 %, p=0.0043), had lower PaO2/FiO2 ratio (99±60 mmHg vs 152±80 mmHg, p=0.0005), and had higher PaCO2 levels (60.3±20.8 mmHg vs 53.6±12.6 mmHg, p=0.044).

The evolution of ventilator settings over the first 3 days according to the ARDS definition criteria is shown in Table 10. Compared with the AECC criteria cohort, patients in the Berlin criteria cohort received significantly higher respiratory rate and lower tidal volume over the first three days. There were no significant differences in PEEP levels as in other ventilation variables.

Compared with patients in the Berlin criteria cohort, patients in the AECC criteria cohort more frequently received NO therapy (21% vs 2.3%, p=0.005), and desmopressin (32.3% vs 9.5%, p=0.007). In contrast, patients in the Berlin criteria cohort more frequently received corticosteroid therapy (52.6% vs 83%, p=0.002) (Table 11).

There was a higher ICU mortality rate in the AECC criteria cohort than in the Berlin criteria cohort (30.6% vs 15.6%, p=0.072). There was no significant difference in the duration of mechanical ventilation (7.2 [3-10] days vs 7.5 [START_REF] Miailhe | Severe leptospirosis in non-tropical areas: a nationwide, multicentre, retrospective study in French ICUs[END_REF][START_REF] O'neil | Pulmonary manifestations of leptospirosis[END_REF][START_REF] Gouveia | Leptospirosis-associated severe pulmonary hemorrhagic syndrome, Salvador, Brazil[END_REF][START_REF] Vandroux | Acute respiratory distress syndrome in leptospirosis[END_REF][START_REF] Needham | Timing of Low Tidal Volume Ventilation and Intensive Care Unit Mortality in Acute Respiratory Distress Syndrome. A Prospective Cohort Study[END_REF][START_REF] Urner | Time-varying intensity of mechanical ventilation and mortality in patients with acute respiratory failure: a registry-based, prospective cohort study[END_REF][START_REF] Amato | Driving pressure and survival in the acute respiratory distress syndrome[END_REF] days, p=0.667) or length of stay in the ICU (9 [14-12] days vs 9.9 [START_REF] Vandroux | Acute respiratory distress syndrome in leptospirosis[END_REF][START_REF] Needham | Timing of Low Tidal Volume Ventilation and Intensive Care Unit Mortality in Acute Respiratory Distress Syndrome. A Prospective Cohort Study[END_REF][START_REF] Urner | Time-varying intensity of mechanical ventilation and mortality in patients with acute respiratory failure: a registry-based, prospective cohort study[END_REF][START_REF] Amato | Driving pressure and survival in the acute respiratory distress syndrome[END_REF][START_REF] Neto | Mechanical power of ventilation is associated with mortality in critically ill patients: an analysis of patients in two observational cohorts[END_REF][START_REF] Ards Definition | Acute respiratory distress syndrome: the Berlin Definition[END_REF][13][START_REF] Sinha | Physiologic Analysis and Clinical Performance of the Ventilatory Ratio in Acute Respiratory Distress Syndrome[END_REF], p=0.46) (Table 12).

DISCUSSION

To our knowledge, this is the first study to evaluate the clinical features and the settings of mechanical ventilation in patients with leptospirosis-associated ARDS. One goal of this study was also to identify risk factors associated with mortality in patients with leptospirosisassociated ARDS. We found that older age and a SAPS II score greater than 61 were associated with increased mortality. These results are consistent with those identified in previous studies in patients with leptospirosis (7)(4)(16)(17) [START_REF] Haake | Leptospirosis in Humans[END_REF].

As in ARDS from other etiology, we found that severe hypoxemia, as defined by a PaO2/FiO2 ratio lower than 100 mmHg was associated with an increased risk factor of mortality. This is in agreement with the Berlin definition whose oxygenation criteria were found well correlated to severity, with a respective mortality of 27%, 32%, and 45% in mild (PaO2/FiO2 ratio between 201 and 300 mmHg), moderate (PaO2/FiO2 ratio between 101 and 200 mmHg) and severe (PaO2/FiO2 ratio ≤ 100 mmHg) ARDS [START_REF] Ards Definition | Acute respiratory distress syndrome: the Berlin Definition[END_REF].

Pulmonary manifestations in leptospirosis, especially intra-alveolar hemorrhage in relation to leptospirosis-associated severe pulmonary hemorrhagic syndrome, are known to be associated with an increased risk of mortality (19)(20)(21) [START_REF] Papa | Leptospirosis in Greece[END_REF]. In our cohort, including 107 patients with ARDS, we found an overall mortality rate of 24.3%. This is consistent with recent findings from a retrospective study of 39 patients with leptospirosis-associated ARDS in which the authors reported a mortality rate of 23% [START_REF] Vandroux | Acute respiratory distress syndrome in leptospirosis[END_REF]. In our study population, early mortality (within the first 24 hours after ICU admission) was found in 14 out of 26 patients (53.8%).
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