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Conclusion :

Nous avons identifié 2 phénotypes parmi les STA de l'adulte dont l'un se caractérise par un profil inflammatoire, un taux de mortalité supérieur et plus de complications. L'identification de ces phénotypes pourrait permettre de mieux identifier et de sélectionner les patients pour optimiser leur prise en charge. 
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INTRODUCTION

The acute chest syndrome (ACS) was first described by Charache and al over 40 years ago and since that time significant progress has been made in understanding the biologic processes underlying the syndrome. Despite this improved understanding, ACS remains the leading cause of death and hospitalization among patients with SCD [START_REF] Vichinsky | Causes and outcomes of the acute chest syndrome in sickle cell disease. National Acute Chest Syndrome Study Group[END_REF][START_REF] Platt | Mortality in sickle cell disease. Life expectancy and risk factors for early death[END_REF][START_REF] Tawfic | Adult Sickle Cell Disease: A Five-year Experience of Intensive Care Management in a University Hospital in Oman[END_REF]. The first definition proposed a description for the combination of chest pain, fever, increased leukocytosis, and appearance of a new shadow on chest radiograph (CR) [START_REF] Castro | The acute chest syndrome in sickle cell disease: incidence and risk factors. The Cooperative Study of Sickle Cell Disease[END_REF]; but the diagnostic criteria used varied from one report to another, and has evolved over the past [START_REF] Ballas | Definitions of the phenotypic manifestations of sickle cell disease[END_REF].

However, the cause remains largely unknown. Both infectious and noninfectious causes have been described [START_REF] Lowenthal | Sickle cell acute chest syndrome associated with parvovirus B19 infection: case series and review[END_REF][START_REF] Vichinsky | Pulmonary fat embolism: a distinct cause of severe acute chest syndrome in sickle cell anemia[END_REF][START_REF] Vichinsky | Acute chest syndrome in sickle cell disease: clinical presentation and course. Cooperative Study of Sickle Cell Disease[END_REF]. Pulmonary fat embolism has been identified during autopsies and in studies examining fatladen pulmonary macrophages from bronchoalveolar fluids [START_REF] Vichinsky | Pulmonary fat embolism: a distinct cause of severe acute chest syndrome in sickle cell anemia[END_REF]. Since the time of the original identification of ACS, there has been recognition of the clinical and biological heterogeneity within ACS; (4.5) this heterogeneity might reflect our incomplete understanding of the biology of ACS and probably contributes to the lack of a new treatments for patients with ACS [START_REF] Vichinsky | Causes and outcomes of the acute chest syndrome in sickle cell disease. National Acute Chest Syndrome Study Group[END_REF][START_REF] Platt | Mortality in sickle cell disease. Life expectancy and risk factors for early death[END_REF].

By contrast, research in airways disease and cancer has made substantial progress towards identifying subphenotypes of disease, with important therapeutic implications. For example, subphenotypes based on the presence or absence of Th2-dependent inflammation have been identified in asthma, with important mechanistic and therapeutic implications [START_REF] Wenzel | Asthma phenotypes: the evolution from clinical to molecular approaches[END_REF]. This insight has led to new targeted treatments, such as a monoclonal antibody to interleukin-13, which is especially effective in individuals with Th2-predominant inflammation [START_REF] Corren | Lebrikizumab treatment in adults with asthma[END_REF]. Despite widespread recognition of the heterogeneity within common critical illness syndromes such as sepsis and ARDS, and some evidence suggesting that subphenotypes might exist within severe sepsis [START_REF] Wong | Validation of a gene expression-based subclassification strategy for pediatric septic shock[END_REF][START_REF] Iskander | Sepsis: multiple abnormalities, heterogeneous responses, and evolving understanding[END_REF][START_REF] Frank | Pharmacological treatments for acute respiratory distress syndrome[END_REF], few data are available for whether such subphenotypes exist in ACS.

However, a study conducted at the Caribbean Sickle Cell Center of Guadeloupe University Hospital, demonstrated the involvement of modulating genetic factors and microparticles (MPs) in the pathophysiology and clinical expression of ACS [START_REF] Chaar | ET-1 and ecNOS gene polymorphisms andsusceptibility to acute chest syndrome and painful vaso-occlusive crises in children with sickle cell anemia[END_REF]. In particular, it demonstrated an association of the T8002C polymorphisms of the endothelin-1 (ET-1) gene and T-786c of the ecNOS gene (endothelial constitutive nitric oxide synthase) with the susceptibility to ACS in children with SCD. On the other hand, the ex vivo study of the effect of MPS on the expression of target genes by endothelial cells in culture suggests their involvement in the initiation and or maintenance of pro-inflammatory and procoagulant phenotypes, which characterize the pathological vascular endothelium of SCD [START_REF] Chaar | ET-1 and ecNOS gene polymorphisms andsusceptibility to acute chest syndrome and painful vaso-occlusive crises in children with sickle cell anemia[END_REF].

Latent class analysis is a well-validated statistical technique that uses mixture modelling to find the best fitting model for a set of data, based on the hypothesis that the data contain several unobserved groups or classes. The statistical approaches underlying this method were originally developed more than a century ago by investigators analyzing whether a population of crabs consisted of two subspecies [START_REF] Grimm | Nonlinear Structured Growth Mixture Models in Mplus and OpenMx[END_REF]. By contrast with traditional regression analyses, in which the goal is to understand the association between pre-specified independent variables and a known outcome.

Latent class analysis models ask whether there are subgroups of patients defined by a combination of the baseline variables, without mandating consideration of the outcome. Latent class-based methods have been extensively used in the social sciences and in other medical disciplines [START_REF] Ezzedine | Latent class analysis of a series of 717 patients with vitiligo allows the identification of two clinical subtypes[END_REF][START_REF] Rindskopf | The value of latent class analysis in medical diagnosis[END_REF] for instance in the identification of asthma subphenotypes [START_REF] Depner | Clinical and epidemiologic phenotypes of childhood asthma. American journal of respiratory and critical care medicine[END_REF] but have not been used extensively in critical care.

We sought to analyze clinical and biological data available from our SCD cohort by using latent class analysis methods to attempt to identify novel subphenotypes of ACS and to test their association with clinical outcomes.

MATERIEL AND METHODS

Study design

Clinical and biological data were obtained from patients enrolled in the retrospective study conducted at the Caribbean Sickle Cell Center of Guadeloupe University Hospital between January 2011 and June 2020.

Adult SCD'patients with an ACS were included.

Patients under the age of 18 years old or when too much data were missing were excluded.

All clinical (other than outcomes), radiographic and biological data used for this analysis were collected at study baseline. Baseline characteristics included the type of hemoglobinopathy and the steady-state laboratory values.

Statistical Analysis

Baseline clinical data and biomarker concentrations were considered as class-defining variables in the latent class analysis model; classification was done without consideration of clinical outcomes. Details on clinical variable selection, data cleaning, and a complete list of the clinical variables included in these models are in the appendix. In addition to the baseline clinical data, we included as inputs in the latent class model the eight plasma biomarkers previously associated with poor clinical outcomes in ACS and that were previously measured in our cohorts.

We fitted a serie of latent class models [START_REF] Kongsted | Latent Class Analysis in health research[END_REF]. Criteria for model selection were based on the Bayesian information criteria, the Vuong-Lo-Mendell-Rubin likelihood ratio test, and the size of the smallest class. Latent class model estimation was based on full-information maximum likelihood methods. This approach allows for the use of all data for all patients, including those missing some data, in estimating the latent class models.

Once we established the number of classes, we tested the associations between class and clinical outcomes (mortality, length of mechanical ventilation, complicated outcome and organ failure) using a logistic regression; a receiver-operator characteristic curve, calibration and discrimination analysis to validate the model.

All statistical analyses were performed using R software and for the latent class analyses we used the package poLCA (Drew and linzer. 2011) (version 3.2.4; R Foundation for Statistical Computing).

Our study was approved by the local ethic committee the 11 TH of January 2021 (A38_21_01_11_STA-PROFILS).

RESULTS

Subphenotypes:

A total of 332 episodes of ACS were screened in the CHU de Guadeloupe from January 2011 to December 2020. After exclusion of 109 episodes, 223 episodes of ACS were included (Figure1. flow chart). Two phenotypes were determined (Bayesian Information Criterion: 3574.475). Those results in dicate a good model fit and a very strong probabilities of class assignment.

Patient characteristics:

We then sought to understand the clinical and biological characteristics that distinguished each phenotype. In order to do this, we assigned study participants to their most likely phenotype and examined the mean values of the variables used in the model for each phenotype (Table 1).

Figure 2 shows differences in the categorical variables between the phenotypes. Sex and acute respiratory failure differed with statistical significance between the phenotypes. ARDS was more than five times as common in phenotype 2 compared with phenotype 1. Furthermore, participants in phenotype 2 were more likely to have sepsis and interstitial syndrome than those in phenotype 1.

Baseline biomarker and radiologic data are shown in table 2. As with the clinical data, we noted substantial differences in all biomarker concentrations.

Figure 3 shows the continuous variables for the two phenotypes. Compared with phenotype 1, phenotype 2 was defined by higher plasma concentrations of leucocyte and LDH; higher respiratory rate and lower ratio of partial pressure arterial oxygen and fraction of inspired oxygen (PaFi).

Phenotype 2 is characterized by more profound inflammation, ARDS, and shock compared with phenotype 1.

To establish whether phenotype prediction would be potentially feasible with fewer variables, we used four of the measures with the greatest difference in mean absolute values between phenotypes in our cohort as predictive markers in a receiver-operator characteristic curve, calibration and discrimination analysis. With four variables (Respiratory rate more than 40 per cycle, PaFi less than 150, admission leucocyte more than 15 G/L, and admission LDH more than 600 mmol/L [yes or no]) the area under the curve for phenotype prediction was 0.844 [0.771-0.917], suggesting that phenotype can be accurately predicted with a small number of variables (Figure 1bis).

To establish whether the two phenotypes had different natural histories, we tested the association between probable phenotype assignment and clinical outcomes. Patients in phenotype 2 had more organ failure and length of mechanical ventilation, than did those in phenotype 1 (table 3).

Furthermore, patients in phenotype 2 had higher mortality compared with those in phenotype 1 (11% vs 0%. p=0.001; table 3).

DISCUSSION:

Our findings suggest the existence of two different subphenotypes in patients with ACS.

These two subphenotypes have very different natural histories, clinical and biological characteristics, clinical outcomes, fulfilling the criteria necessary to define a subphenotype [START_REF] Wenzel | Asthma phenotypes: the evolution from clinical to molecular approaches[END_REF]. Clinicians caring for patients with ACS and researchers studying ACS have long appreciated the heterogeneity within this complex syndrome, but the critical care community has not had empirical data for whether or how to refine our definitions and further subdivide ACS [START_REF] Dessap | Acute cor pulmonale during protective ventilation for acute respiratory distress syndrome: prevalence, predictors, and clinical impact[END_REF]. Furthermore, subphenotype was strongly and consistently associated with clinical outcomes with pronounced differences in mechanical ventilation, organ failure and mortality [START_REF] Castro | The acute chest syndrome in sickle cell disease: incidence and risk factors. The Cooperative Study of Sickle Cell Disease[END_REF].

Taken together, the variables that characterize phenotype 2 (high plasma concentrations of inflammatory biomarkers, severe shock, and ARDS) paint a portrait of a hyper-inflammatory ACS sub phenotype. By contrast with phenotype 2, phenotype 1 seems to be characterized by less severe inflammation and shock. This novel paradigm is implied by Maitre and Vichinsky [START_REF] Vichinsky | Causes and outcomes of the acute chest syndrome in sickle cell disease. National Acute Chest Syndrome Study Group[END_REF][START_REF] Maitre | Acute chest syndrome in adults with sickle cell disease[END_REF] who found that WBC count and LDH values increase in ACS patients and correlate to a decrease of partial blood oxygenation.

Recently, Chaturverdi and colleagues [START_REF] Chaturvedi | Rapidly progressive acute chest syndrome in individuals with sickle cell anemia: a distinct acute chest syndrome phenotype[END_REF] described a phenotype of rapidly progressive ACS, appearing more frequently in adults and characterized by a rapid respiratory failure evolving within 24hours. The biologic pattern was highly marked by a thrombocytopenia suggesting widespread of microthrombi inside the pulmonary and largely a microangiopathy-like multiorgan failure that can be linked with a role of free heme-mediated injury. In our study, the platelets count did not belong to the phenotype model, but this rapidly progressive ACS described looks like the phenotype 2 characterized by a hyper-inflammatory state and a hyper-hemolysis state.

Although latent class modelling has not to our knowledge been previously applied in ACS cohort. Shah and colleagues [START_REF] Shah | Latent class analysis identifies distinct phenotypes of primary graft dysfunction after lung transplantation[END_REF] used latent class-based models to identify subphenotypes within primary graft dysfunction, a type of acute lung injury that occurs after lung transplantation. Similarly, Reilly and colleagues from the same research group did a latent class analysis of timing of ARDS after severe trauma [START_REF] Reilly | Heterogeneous phenotypes of acute respiratory distress syndrome after major trauma[END_REF][START_REF] Calfee | Subphenotypes in acute respiratory distress syndrome: latent class analysis of data from two randomised controlled trials[END_REF].

First, although PaO2/FiO2 ratio was considered in subphenotype identification, it was one of the variables that contributed most prominently to the classification.

Rather, we see these results as hypothesis-generating and think we need to validate the phenotype of ACS in future trials.

This study has some limitations. First, the patients included in these analyses were collected from a retrospective study; patients with missing data were excluded and it is a single center study.

Second, inflammatory biomarkers not included in these analyses (like interleukine IL6 and other biomarkers or of alternative genomic or metabolomics markers) might result in more comprehensive subphenotypes being identified or may lead to the recognition of these biomarkers as important classifiers. Third, analyses of possible classifying variables were restricted to the data obtained retrospectively; some clinical variables or other comorbidities could contribute to subphenotype identification but were not available for this analysis.

In conclusion, we suggest that these findings provide proof-of-concept that the clinical syndrome of ACS contains distinct subphenotypes. Whose hyper-inflammatory phenotype associated with severe complications and high mortality should be an early warning marker. 

RESUME DE LA THESE

Rationnel de l'étude : La drépanocytose est la maladie génétique la plus fréquente dans le monde et particulièrement en Guadeloupe où l'ethnie majoritaire est afro-caribéenne. Parmi les complications de la maladie, le Syndrome Thoracique Aigu (STA) en est la plus grave. Des sous-phénotypes de maladies hétérogènes telles que l'asthme ou le cancer du sein ont été identifiés avec d'importantes implications thérapeutiques.

Objectif :

L'objectif de notre étude est de modéliser différents sous-phénotypes de STA.

Patients et Méthodes :

De janvier 2011 à juin 2020, nous avons réalisé une étude de cohorte rétrospective au CHU de la Guadeloupe. Elle inclut tous les STA de l'adulte hospitalisé. Nous avons appliqué la méthode dite de « modélisation des classes latentes » pour identifier les sous-groupes de patients (sous-phénotypes) en utilisant des données cliniques, biologiques et radiologiques. Nous avons ensuite testé l'association des sous-phénotypes avec le devenir des patients.

Résultats :

Nous avons analysé les données de 223 épisodes de STA chez 111 patients. Notre modèle d'analyse en classe latente a permis de définir qu'un modèle à 2 classes (c'est-à-dire 2 phénotypes) est optimal pour notre cohorte. Nous avons identifié un sous-phénotype hyper-inflammatoire (phénotype 2) qui est caractérisé par une élévation des marqueurs inflammatoires, une plus grande prévalence du sepsis et du SDRA que dans le phénotype 1. Les patients du phénotype 2 avaient une plus grande mortalité, une durée plus longue de ventilation mécanique et plus de défaillances d'organes que les patients du phénotype 1 (p<0,001 pour tous).

Conclusion :

Nous avons identifié 2 phénotypes parmi les STA de l'adulte dont l'un se caractérise par un profil inflammatoire, un taux de mortalité supérieur et plus de complications. L'identification de ces phénotypes pourrait permettre de mieux identifier et de sélectionner les patients pour optimiser leur prise en charge. 
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 3 Figure 3: Boxplot notched of each continuous variable by ACS phenotype This representation makes it possible to visualize a 95% confidence interval around the median. The points where the box tightens represent the limits of this interval. PaO2/FiO2 ratio = Ratio of partial pressure arterial oxygen and fraction of inspired oxygen. LDH = Lactate Deshydrogenase. ACS = Acute Chest syndrome. Phenotype 1 is "grey" and Phenotype 2 is "pink".
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 2 Figure 2 bis: Receiver Operating Characteristic (ROC) curve of the phenotypic model
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bis:

Comparison of Acute chest syndrome biological and radiologic data between Phenotype 1 and Phenotype 2.

Table 1 : General data and follow up with comparison between Phenotype 1 and Phenotype 2 at the time of initial clinical and biological data.

 1 Data are expressed in median and interquartile 25-75 or number and percentage.

	All patients	Phenotype 1	Phenotype 2
	n= 223	n= 167	n= 56

Table 2 : Comparison of ACS biological and radiologic data between Phenotype 1 and Phenotype 2.

 2 Data are expressed in median and interquartile 25-75 or number and percentage.

	All patients	Phenotype 1	Phenotype 2
	n= 223	n= 167	n= 56

Table 3 : Association between phenotype assignment and clinical outcomes

 3 Data are expressed in median and interquartile 25-75 or number and percentage.

	Phenotype 1	Phenotype 2	p
	n= 167	n= 56	value

Table 2Bis : Comparison of Acute chest syndrome biological and radiologic data between Phenotype 1 and Phenotype 2.

 2Bis Data are expressed in median and interquartile 25-75 or number and percentage.

	All patients n= 223 64 (48-75) 48 (36-57) 14 (4-36) 28 (34-43) WBC (G/L) UNIVERSITE DES ANTILLES Phenotype 1 n= 167 Electrophoresis HbS before transfusion 55 (50-64) HbS after transfusion 52 (37-57) HbA before transfusion 15 (9-20) HbA after transfusion 27 (23-45) Admission laboratory values FACULTE DE MEDECINE HYACINTHE BASTARAUD	Phenotype 2 n= 56 76 (53-79) 44 (38-50) 14 (7-22) 33 (29-37)

ABSTRACT Background:

Sickle Cell Disease(SCD) is the most frequent genetic disorder especially in Guadeloupe where the population is afro-caribbean. Acute Chest Syndrome (ACS) is a common and the most serious complication of this disease.

Subphenotypes have been identified within heterogeneous diseases such as asthma and breast cancer with important therapeutic implications.

Purpose:

We assessed whether subphenotypes exist within ACS in SCD another heterogeneous disorder.

Methods:

From January 2011 to December 2020, a retrospective study was conducted at the University Hospital of Guadeloupe (French overseas territories in the Americas). We applied latent class modelling to identify subphenotypes using clinical and biological data. We modelled data and then tested the association of subphenotypes with clinical outcomes.

Results

:

We analyzed data from 223 adults SCD's patients. Independent latent class models indicated that a two-class (ie. two subphenotype) model was the best fit for our cohort. We identified a hyperinflammatory subphenotype (phenotype 2) that was characterized by higher plasma concentrations of inflammatory biomarkers, higher prevalence of sepsis and ARDS than phenotype 1. Participants in phenotype 2 had higher mortality, higher length of mechanical ventilation and more organ failure than did those in phenotype 1 (p<0.001 for all).

Conclusions:

We identified two subphenotypes within Acute Chest Syndrome, one of which is categorized by more severe inflammation, shock and worse clinical outcomes. Identification of Acute Chest Syndrome Subphenotypes might be useful in selecting patients to optimize care. 

Appendix