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Vous me faites l'honneur de présider mon jury de thèse, mais vous m'avez avant tout fait l'honneur de m'accueillir en tant qu'interne dans la première promotion du DES de MIR.

Apprendre la réanimation auprès d'un si grand médecin est une chance et une fierté, je pourrai m'estimer accompli de devenir un jour la moitié du réanimateur que vous êtes. Soyez assuré

A ceux rencontrés à l'autre bout de la France, Najat, merci pour avoir été ma deuxième mère, de t'être si bien occupée de moi et de m'avoir permis de regarder en boucle tous les films Dragon Ball Z.

David, pour être mon premier voisin et ami d'enfance. On aura partagé de nombreuses heures musicales et vidéoludiques que je garderai toujours en mémoire.

Estelle, qui aura justifié un déménagement de Reims à Reims et avec qui j'aurais mangé trop de crêpes pas toujours correctement cuites. Benjamin, jeune homme brillant mais exilé dans un pays limitrophe, tu es loin, on ne se voit plus, mais je ne t'oublie pas. A ces rémois (ou presque) qui tiennent une place si particulière, Camille la comtesse, merci pour ta joie de vivre, pour les vacances, pour la plongée et pour habiter à seulement 1h30 de chez nous même si on ne vient jamais. On va vite y remédier.

Aymeric et ton accent belge, je suis ravi que la comtesse ait trouvé une personne à sa hauteur, tant pour elle que pour nous. Félicitations pour la plongée ! Jean-Marie-Gaëlle et Hugo, les deux plus beaux percés du groupe, toujours décalés mais systématiquement à leur place. Marion et Tristan, qui additionnés ont une thymie à peu près normale. Louise et Claire, les deux-denis du PCF. J'espère partager encore de nombreux Cabaret Vert avec vous. Cécile, la première mentor de mon externat, merci pour toute ta bienveillance. Je ne suis pas sûr que j'aurais réussi à avoir Montpellier sans toi. Clémence et Grégoire, le couple goal qui rendra n'importe quelle demande en mariage fade. 

Emilie (et maintenant

A ceux trouvés au bord de la mer,

A l'équipe perpignanaise, Jordi "bar-à-tapas" Tabaras, Nicolas "le loup" Dubois, Ludovic "le ca-" Rancé et Jules "l'infâme" Voeltzel. Jules, je peux l'avouer aujourd'hui, ton mi-temps thérapeutique m'aura fait vriller l'espace de cinq minutes. Tu es l'une des plus belles personnes que je connaisse. Laura et toi êtes magnifiques. Bienvenue à Jim ! Ludovic, l'archétype du blond. Un esprit sain dans un corps sain orné d'un bob Ricard. Félicitations à Lucile pour arriver à te supporter au quotidien.

Jordi, j'espère que tu as enfin réalisé la seule mission que t'avait confié Ludovic. Nicolas, le rêveur de 2 mètres, seul anesthésiste qui dort plus que ses patients.

Florence, Franck, Olivier B., Lauranne, Sébastien, Coly, Aziz, Jean-Antoine, Pierre-Guy et Olivier de M., merci pour votre accueil. OdM, tu es le premier qui m'a fait me dire que MIR était le bon choix et je t'en remercie particulièrement. L'équipe paramédicale (et Marion, ma secrétaire préférée), vous étiez toutes et tous incroyables.

Au bloc du DAR B,

Le seul et unique semestre en anesthésie, à apprendre parmi les plus grands. Je veux bien évidemment parler de Joris, aka le meilleur d'entre nous. Déjà brillant, impressionnant d'aisance et de connaissances au premier jour du stage, tu n'auras fait que t'améliorer comme le bon vin.

Comme certains bons vins également, tu es blanc, en grande quantité tu donnes mal à la tête et tu te maries à merveille avec le poisson. En l'occurrence une sirène du nom d'Estelle à qui même Ariel ne pourrait qu'envier la chevelure. Adrien, sombre arnaqueur des fonds marins, ton plan marche à merveille : tout le monde croit encore que tu es anesthésiste-réanimateur. A l'aise sur terre, dans les airs ou dans les mers (je te laisse le loisir de corriger l'orthographe), il n'y a que l'informatique qui te tient tête. C'est cependant grâce à ce défaut que j'ai eu la chance de te connaître. Boris, le transfuge de l'île Maury au tempérament plus court que ton calme apparent ne le laisse croire. Elodie B., j'espère que tu auras réussi à reprendre le vélo. Matthieu C., toujours réanimateur alors qu'une carrière dans le rap game t'était promise avec ton frère.

A la maison-mère, le service de Médecine Intensive -Réanimation, Les patients ont de la chance d'avoir une équipe aussi formidable pour s'occuper d'eux. Vous m'avez appris beaucoup, à commencer par l'humilité.

Les cointernes, on était onze et il n'y avait pourtant que des numéros 10. Timothée, l'extraordinaire grand frère pince-sans-rire du groupe. Mickaël, qui sera mon chef dans quelques semaines mais qui sera toujours un peu mon cointerne qui salit les pansements de brûlés tout neufs en posant des cathéters artériels. Laysa et ton calme olympien sauf lorsqu'un confrère est trop long pour présenter un patient en fin de garde. Engi, la thésarde de la rue, ouest-africaine de coeur, racaille jusqu'au bout des ongles qui aura poussé le grand banditisme au point de frapper un PU au milieu d'un couloir. Désolé pour le lancer de crocs, mais ta blague était vraiment nulle. Agathe J., j'espère que mon cadeau de secret santa te plaît toujours mais qu'Adam ne joue pas avec. Agathe L., avant les gens disaient "mais c'est la fille du coach ?!", maintenant ils diront "mais c'est le père de la brillante urgentiste ?!". Anaïs, la dessinatrice de talent, merci de m'avoir appris le concept du "cookie-lemon-cookie" qui me sert chaque semestre. Antoine, qu'on n'a pas su retenir mais qui je l'espère s'épanouit chez les copains. Arnaud, j'espère que tu seras aussi bon avec les parturientes que tu ne l'auras été avec nous. Maxime, insulté par la France entière le jour du résultat des ECNs 2016, j'attends toujours ton cours sur les alcaloses métaboliques au sas vert. Eddine Nasser Bendiab, je ne savais pas trop où te mettre, mais sache que si on avait été au collège ensemble, je me serais rappelé comment on riait (et viens manger). Evangeline, professeure de médecine depuis la moyenne section, excuse-moi de t'avoir fait une biopsie cérébrale lors de ta première PCR. Julie B., qui porte à merveille le kimono et la bigoudène, quand tu veux pour la galette-saucisse sans la saucisse. Gwenoline, la star du CH de Béziers, j'espère que tu auras appris à ne plus déranger ta voisine.

Romaric

Nathalie, merci pour tes enseignements et notamment pour l'expression "aller se faire moudre", qui me permet d'être un peu moins vulgaire au quotidien. Clément, MAR au calme remarquable qui m'a fait croire que j'allais le retrouver à Paris (tout le monde te réclame là-bas). Marie B, pour m'avoir appris tout ce que j'ai déjà oublié sur le VIH et pour me mettre assez régulièrement des vents sur ton VTT dans les rues de Montpellier.

Au DAR A,

Lucas, l'Apollon de l'anesthésie-réanimation montpelliéraine, j'espère que tu liras ce paragraphe avec la voix de Celui-Dont-On-Ne-Doit-Pas-Prononcer-Le-Nom. Le frère de M2 qui partageait mon désespoir à J2 des cours mais également le (mauvais) goût pour des sabots oranges en stage.

Merci pour ces imitations incroyables du fleuron médical local, pour tous les potins sur la plèbe et ses élites et pour ta bonne humeur constante. Tous mes voeux de bonheur dans cette nouvelle union, j'espère que tu tolèreras qu'elle décale les coussins du canapé. Chloé, félicitations de ne pas avoir tué l'externe qui t'a réveillée en garde et regardée te changer. Ca mériterait une bague en poil de Sookie. Cyprien, le tonton beauf dans un corps d'enfant. Déjà brillant en début d'internat, mais rongé par la flemme et l'appât du gain, quel gâchis. Pauline D. la rémoise d'origine, admirable réanimatrice pour qui rien n'est un détail. Aussi à l'aise au déchocage, dans la pose d'une ECMO ou dans la prévention des complications d'une réanimation prolongée, tu es un modèle pour moi. Geoffrey, footix mais réanimateur émérite, tu m'auras appris à demander un frottis goutte épaisse quel que soit le pays de retour de voyage.

Hugues, félicitations pour ta titularisation amplement méritée. Merci également à Severin, Orianne, Elie, Camille et Mehdi, j'ai passé un semestre mémorable grâce à vous.

A mes rencontres de laboratoire, Patrice, merci pour ton encadrement dans l'animalerie, je n'oublierai jamais l'histoire du circuit de ventilation. Pierre-Edouard, mon gars sûr, échographiste murin et MC du rap français.

A la team Saint-Jean, Yassir, merci de m'avoir permis de faire mes premières armes dans votre unité avec Fanny.

Sami, pour avoir été le premier à détendre l'atmosphère avec tes blagues incroyables (descends, je te raconte). Grégoire, pour m'avoir appris la signification de tes tatouages. Léa, pour avoir la force de supporter ces deux gugusses. Hugo, pour ton apparition sur toutes les stories de Sami.

A 1462, qui n'est définitivement pas le CHU de Paris Match, Aziz, le pédiatre qui n'est pas fainéant, informaticien en freelance, cascadeur en trottinette et maître dans l'art des accents de blédard. Sergiu, le latin lover des carpates. Massylia, référente nourriture. Tu n'es définitivement pas une beurette. J'espère que ce semestre aux MTI n'aura pas été un enfer. Jeanne, si jeune et déjà grande hématologue, à bientôt en MIR. Pauline V., mi pharmacienne, mi hématologue, merci pour les histoires croustillantes au gala. Safia, jeune assistante avec l'expérience d'une PH. Promis, j'essaie de moins utiliser le Z-word.

Jean-Jacques, un puits sans fond de connaissances, exemple de rigueur. J'espère être un jour un dixième aussi systématique que toi. Patrice, jamais avare en anecdotes, excellent clinicien, fin gourmet et cuisinier. Merci de m'avoir appris que le meilleur endroit pour ranger un balai, ce n'était pas dans un médecin. Charles, tu es un grand homme, un homme grand, mais c'est là je pense l'explication pour tes piètres performances au baby-foot. Tu dois percevoir la balle de si loin qu'elle échappe à ton acuité visuelle. Tu te démarques dans des petits tournois locaux, mais continue les efforts, je reste disponible pour des cours à un tarif défiant toute concurrence.

Alizée (et ton trophée de la gentillesse amplement mérité), Noémie, Jessica… : merci pour ce semestre. Je pense à vous chaque fois que j'utilise votre stylo.

A la RMI de Bichat, Justine, le général de la réanimation tourangelle, merci d'avoir partagé avec moi la place de "sale gosse" de vieil interne de réanimation. Raphael, homme de style, futur urgentiste de renom, garde ta passion et ta rigueur intactes, mais dis à ton système immunitaire de se calmer.

Iulia, ceci n'est pas un érythème. Merci pour toutes ces leçons de cardiologie. Alice, à peine néo-interne et déjà meilleure que nous. Je te souhaite de t'accomplir en MIR. Maxime V. le syntone, futur CCA masochiste de la RMI, merci pour l'intégration rapide. Salma la bilingue, seul remord MAR vers MIR que je connaisse, rien que ça.

Julien, le garant du coeur droit des parisiens, l'anti-SDRA à la chevelure savamment travaillée, parisien jusqu'au bout des sandales qui m'aura appris à baisser une PEEP. Paul-Henri, le calme inébranlable du philosophe médecin, merci pour ces longues discussions et pour ta bienveillance.

Aux magiciennes des statistiques,

Caroline et Fanchon, merci pour votre aide. Ce travail n'aurait pas été possible sans vous.

A G.E.R.A.R.D., Geoffrey, mémeur de renom qui fait toujours mouche. Mathieu, mi homme, mi travail, je ne sais pas quelle maîtrise m'impressionne le plus : le Bitcoin, la géopolitique occitane ou Luna.

Aux autres MAR,

Florène, naïade équestre, snatcheuse à ses heures perdues, ancienne guide suprême des internes du DESAR. Dimitri, maître de cérémonie à la barbe majestueuse. Ambre, collègue de quelques jours à la douceur marquante. Julie B., réanimatrice sur le podium du rire le plus tonitruant.

Benjamin M., beau, sportif, musicien, médecin, surfeur… merci ?

Aux MIR d'ici…

Sonia, ma collègue de promotion, formidable réanimatrice dès le premier jour. C'est un plaisir de partager ce DES et bientôt un bureau avec toi. Maxime, rockeur réanimateur. Bon courage pour la thèse de sciences. Jonathan, toujours plus engagé auprès des internes, j'espère qu'ils te le rendront un jour. Simon, au nom des MIR, merci d'avoir repris la gestion des stages du DES.

Jérémy, réanimateur, néphrologue, infectiologue… et seulement en 4 ème semestre.

… et d'ailleurs,

Pierre-Nicolas, Romain, Alice, Alison, Cédric, Guillaume, les seuls survivants de notre inter-région. Merci pour ces Airbnb aux deux coins de la France. Juliette, qui nous a fait croire pendant 4 ans qu'elle était placide, avant de se transformer en maman gaga. Merci Margaux d'être venue nous apporter la lumière. Désolé de t'avoir fait rigoler au point de rater une marche de trottoir, je ne l'aurais pas laissé t'intuber, promis.

Aux montpelliérains rencontrés ça et là,

Marianne

Margaux Derouet-Chatelain (et pas l'inverse), tu es si mignonne, merci de ne pas me manger.

Nicolas, le premier génie à avoir eu l'idée d'asservir le FUROSEMIDE IVSE à la mesure de l'ITV en continu. De loin la personne la plus drôle que je connaisse, même physiquement.

Réanimateur talentueux, sportif très sensible, cultivé, chauve mais avec une queue de cheval, présentateur de Question pour un Champion… la liste des qualités est longue. J'espère avoir la chance d'entendre tes fulgurances encore longtemps.

Aude, la force tranquille du groupe. Ta résilience, ta capacité à escalader n'importe quelle surface et ta propension à travailler 6 jours de suite sans dormir pourraient nous faire croire que tu es une fourmi, mais tu es bien trop élégante pour ça.

Arnaud, Arni, Krizi-Ouzou, fervent supporter de l'OM originaire de Paris et aficionado de Jul.

Jamais je ne t'ai entendu dire non pour partager un verre ou un bon moment. J'espère que la future Majolie tiendra ça de toi, plutôt que ta passion des marseillais.

Vinciane, passionnée de Céline Dion et d'anecdotes de travail qui coupent l'appétit. Je te souhaite de t'épanouir dans la maternité comme tu permets à tes patientes de le faire.

Camille, je t'ai connue Pochard et déjà grand-mère, avec ton bandeau et tes soupes. Ton déficit complet en second degré est je le crois incurable, désolé de te l'annoncer comme ça.
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Bon courage pour le Marseille -Cassis après cette préparation intense.
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Introduction

Hematological malignancies (HM) represent 12% of newly-diagnosed cancer cases [START_REF] Spf | Estimations nationales de l'incidence et de la mortalité par cancer en France métropolitaine entre 1990 et 2018 -Tumeurs solides : Étude à partir des registres des cancers du réseau Francim n.d[END_REF]. During their course, 15 to 22% of these patients will be admitted to the intensive care unit (ICU) [START_REF] Schellongowski | Prognostic factors for intensive care unit admission, intensive care outcome, and post-intensive care survival in patients with de novo acute myeloid leukemia: a single center experience[END_REF][START_REF] Vijenthira | Predictors of intensive care unit admission in patients with hematologic malignancy[END_REF].

Their prognosis has improved considerably over the last decades, resulting in a significant decrease in mortality. Several factors contribute to this improvement: the development of supportive care and novel curative therapies, earlier admission and better selection of patients who could benefit from their admission [START_REF] Saillard | Critically ill allogeneic hematopoietic stem cell transplantation patients in the intensive care unit: reappraisal of actual prognosis[END_REF][START_REF] Thiéry | Outcome of cancer patients considered for intensive care unit admission: a hospital-wide prospective study[END_REF][START_REF] Fassbind | Improved survival rates of AML patients following admission to the intensive care unit[END_REF][START_REF] Lecuyer | The ICU trial: a new admission policy for cancer patients requiring mechanical ventilation[END_REF]. The occurrence of organ failures is a well-known poor prognostic factor that has a significant impact on the survival and on the long term outcome of these patients [START_REF] Bird | Outcomes and prognostic factors in patients with haematological malignancy admitted to a specialist cancer intensive care unit: a 5 yr study[END_REF][START_REF] Faucher | Short-and long-term outcomes in onco-hematological patients admitted to the intensive care unit with classic factors of poor prognosis[END_REF].

Acute kidney injury (AKI) is common in the ICU, representing 20 to 40% of the general critical care population [START_REF] Nisula | Incidence, risk factors and 90-day mortality of patients with acute kidney injury in Finnish intensive care units: the FINNAKI study[END_REF][START_REF] Mildh | Three-year mortality in 30-day survivors of critical care with acute kidney injury: data from the prospective observational FINNAKI study[END_REF][START_REF] Vaara | Association of oliguria with the development of acute kidney injury in the critically ill[END_REF]. It is associated with a significant increase in mortality, length of stay and hospitalization costs, as well as higher cardiovascular morbidity and impact on subsequent renal function [START_REF] Nisula | Incidence, risk factors and 90-day mortality of patients with acute kidney injury in Finnish intensive care units: the FINNAKI study[END_REF][START_REF] Mildh | Three-year mortality in 30-day survivors of critical care with acute kidney injury: data from the prospective observational FINNAKI study[END_REF][START_REF] Chertow | Acute kidney injury, mortality, length of stay, and costs in hospitalized patients[END_REF][START_REF] Bagshaw | Prognosis for long-term survival and renal recovery in critically ill patients with severe acute renal failure: a population-based study[END_REF][START_REF] Coca | Long-term risk of mortality and other adverse outcomes after acute kidney injury: a systematic review and meta-analysis[END_REF]. Patients with HM are particularly prone to develop AKI. An increased susceptibility to shock, sepsis or the occurrence of specific complications such as tumor lysis syndrome, renal invasion or chemotherapy toxicity can expose up to 75% of these patients to this condition [START_REF] Soares | Prognosis of critically ill patients with cancer and acute renal dysfunction[END_REF][START_REF] Lahoti | Predictors and outcome of acute kidney injury in patients with acute myelogenous leukemia or high-risk myelodysplastic syndrome[END_REF][START_REF] Canet | Acute kidney injury in patients with newly diagnosed high-grade hematological malignancies: impact on remission and survival[END_REF][START_REF] Darmon | Acute kidney injury in critically ill patients with haematological malignancies: results of a multicentre cohort study from the Groupe de Recherche en Réanimation Respiratoire en Onco-Hématologie[END_REF][START_REF] Lueck | Improved short-and long-term outcome of allogeneic stem cell recipients admitted to the intensive care unit: a retrospective longitudinal analysis of 942 patients[END_REF][START_REF] Michel | Prognostic factors and outcome of adult allogeneic hematopoietic stem cell transplantation patients admitted to intensive care unit during transplant hospitalization[END_REF][START_REF] Darmon | Tumour lysis syndrome and acute kidney injury in high-risk haematology patients in the rasburicase era. A prospective multicentre study from the Groupe de Recherche en Réanimation Respiratoire et Onco-Hématologique[END_REF][START_REF] Benoit | Acute kidney injury in critically ill patients with cancer[END_REF].

The occurrence of AKI in these patients substantially alters their prognosis. Mortality rates as high as 88% have been described in the most severe cases of AKI requiring renal replacement therapy (RRT) in allogeneic hematopoietic stem cell transplantation (HSCT) patients [START_REF] Saillard | Critically ill allogeneic hematopoietic stem cell transplantation patients in the intensive care unit: reappraisal of actual prognosis[END_REF][START_REF] Soares | Prognosis of critically ill patients with cancer and acute renal dysfunction[END_REF][START_REF] Lahoti | Predictors and outcome of acute kidney injury in patients with acute myelogenous leukemia or high-risk myelodysplastic syndrome[END_REF][START_REF] Canet | Acute kidney injury in patients with newly diagnosed high-grade hematological malignancies: impact on remission and survival[END_REF][START_REF] Darmon | Acute kidney injury in critically ill patients with haematological malignancies: results of a multicentre cohort study from the Groupe de Recherche en Réanimation Respiratoire en Onco-Hématologie[END_REF].

The development of AKI and its possible perpetuation may also limit the use of chemotherapy or increase its toxicity and thus potentially modify the disease course [START_REF] Soares | Prognosis of critically ill patients with cancer and acute renal dysfunction[END_REF][START_REF] Lahoti | Predictors and outcome of acute kidney injury in patients with acute myelogenous leukemia or high-risk myelodysplastic syndrome[END_REF][START_REF] Canet | Acute kidney injury in patients with newly diagnosed high-grade hematological malignancies: impact on remission and survival[END_REF][START_REF] Benoit | Acute kidney injury in critically ill patients with cancer[END_REF][START_REF] Azoulay | Outcomes of critically ill patients with hematologic malignancies: prospective multicenter data from France and Belgium--a groupe de recherche respiratoire en réanimation onco-hématologique study[END_REF] However, most of these data come from studies dating back several years. In more recent studies, the heterogeneities in patient selection and in the various used definitions precludes any generalization of these results [START_REF] Lahoti | Predictors and outcome of acute kidney injury in patients with acute myelogenous leukemia or high-risk myelodysplastic syndrome[END_REF][START_REF]Acute Kidney Injury (AKI) -KDIGO n[END_REF][START_REF] Er | Comparison Between RIFLE, AKIN, and KDIGO: Acute Kidney Injury Definition Criteria for Prediction of In-hospital Mortality in Critically Ill Patients[END_REF]. In addition, long-term outcomes of the ICU survivors have never been described to our knowledge.

We thus designed this study to evaluate the impact of the occurrence of AKI on long-term prognosis, outcome and management in patients with HM who survived their admission to critical care.

Material and methods

Design

This retrospective study was carried out in our ICU in the Lapeyronie University Hospital (Montpellier, France). It is a 20-bed unit admitting approximately nine hundred patients per year, sixty of whom come from the hematology ward.

The hematology department is located in the Saint-Eloi University Hospital (Montpellier, France), 1.5 kilometer away from the Lapeyronie ICU. Senior intensivists and hematologists are available 24 hours a day and 7 days a week.

Population

All consecutive patients over 18 years of age discharged alive from our ICU between January 1, 2012, and December 31, 2020, with a diagnosis of HM were included. HMs were grouped into myeloid (acute myeloid leukemias, myelodysplastic syndromes, chronic myeloid leukemias, and myeloproliferative syndromes), lymphoid (acute lymphoblastic leukemias, Hodgkin's lymphomas, non-Hodgkin's lymphomas, and chronic lymphocytic leukemias), and multiple myelomas.

We excluded patients with stage IV and V chronic kidney disease (CKD) from our analysis because of their higher propensity to require RRT, as well as patients who objected to their data collection.

For the main analysis, two groups of patients were distinguished according to the occurrence of AKI during their ICU stay: no-AKI and AKI. Three subgroups were identified among the cohort according to the severity of their renal impairment: Group 1 (patients without AKI or with Kidney Disease: Improving Global Outcomes (KDIGO) stage 1 AKI), Group 2 (patients with KDIGO stage 2 or 3 AKI and without RRT requirement), and Group 3 (patients who required RRT).

Endpoints

The primary endpoint was 3-year mortality after discharge from the ICU.

Secondary endpoints were in-hospital mortality, one-year mortality, ICU length-of-stay (ICU-LOS), hospital length-of-stay (H-LOS), prevalence of AKI, RRT requirement, weaning from RRT, recovery of renal function, occurrence of other organ failure and other supportive therapies during the ICU stay, ability to continue the treatment planned prior to ICU admission, and rate of unfavorable hematologic outcome (progression or relapse).

Data collection and definitions

Data were retrospectively collected from the patients' electronic medical records and then anonymously recorded in a spreadsheet. Time of follow-up was as long as possible, with an evaluation of the primary endpoint at three years.

We first collected demographic characteristics of the study population: age, sex, history of kidney disease, Charlson index [START_REF] Fried | Charlson comorbidity index as a predictor of outcomes in incident peritoneal dialysis patients[END_REF] and performance status (PS) as described by the Eastern Cooperative Oncology Group [START_REF] Oken | Toxicity and response criteria of the Eastern Cooperative Oncology Group[END_REF] prior to ICU admission.

We collected the type of HM (lymphoid, myeloid or multiple myeloma), date of diagnosis, status (newly-diagnosed, partial remission, complete remission or refractory) and the elapsed time between diagnosis and admission to the ICU. We also collected the number of chemotherapy lines, autologous or allogeneic HSCT, reinjection of chimeric antigen receptor-T (CAR-T) and duration period from the last chemotherapy to ICU admission.

At ICU admission, we collected time from hospitalization, associated organ failures and severity scores: simplified acute physiology score 2 (SAPS II) [START_REF] Gall | A new Simplified Acute Physiology Score (SAPS II) based on a European/North American multicenter study[END_REF] and sequential organ failure assessment (SOFA) [START_REF] Vincent | Use of the SOFA score to assess the incidence of organ dysfunction/failure in intensive care units: results of a multicenter, prospective study. Working group on "sepsis-related problems" of the European Society of Intensive Care Medicine[END_REF].

During ICU stay, we assessed the occurrence and duration of organ failure and supportive therapies, neutropenia (defined as neutrophil count <500/mm 3 ), sepsis according to the survival sepsis campaign definition [START_REF] Evans | Surviving sepsis campaign: international guidelines for management of sepsis and septic shock 2021[END_REF] and the identified pathogens if any.

AKI was defined as an increase in blood creatinine of at least 26.5 µmol/L over 48 hours, or 50% above baseline, or the occurrence of oliguria of less than 0.5 mL/kg/hour for 6 hours, according to the international society of nephrology (ISN) criteria described in the KDIGO 2012 recommendations [START_REF]Acute Kidney Injury (AKI) -KDIGO n[END_REF]. Its severity was then graded according to KDIGO stages. Baseline creatinine level was defined as the lowest found 3 months prior to ICU admission. We recorded the use of RRT and its characteristics: time from the onset of AKI, time to ICU discharge, duration and weaning. Renal recovery was defined as being alive, weaned from the RRT and having a creatinine level less than 25% higher than that prior to admission to the ICU [START_REF] Xu | Evaluation of five different renal recovery definitions for estimation of long-term outcomes of cardiac surgery associated acute kidney injury[END_REF].

After discharge, we collected ICU-LOS and H-LOS, whether the planned chemotherapy could be administered, the HM status (evolving or not), the occurrence of relapse and its possible treatment. Progression was defined as an evolution of the HM during treatment, and relapse as an evolution after treatment completion, both assessed by the hematologist team in charge.

Relapse-free survival (RFS) was defined as the time elapsed from ICU discharge to the date of the first hematological event: progression, recurrence or death from any cause. Overall survival (OS) was defined as the time elapsed from ICU discharge to the date of death from any cause.

Creatinine and creatinine clearance levels were collected at 3, 6 and 12 months. Lastly, in-hospital mortality was recorded as well as 1 year-and 3 year-mortality.

Statistical analysis

Categorical variables were reported with the number of observations (n) and the frequency of each modality (%) and compared using Chi-2 test or Fisher's exact test (if appropriate).

Quantitative variables were reported with the usual statistics: mean and standard deviation (SD) and median and range (min-max) and compared using Wilcoxon test.

Median follow-up was calculated using Schemper method. RFS and OS were estimated using Kaplan-Meier method and compared using Log-rank test. Multivariate analyses were performed using Cox proportional hazard model (p-value of likelihood ratio test was reported). Variables with univariate p-values <0.15 were selected for multivariate analysis and a backward covariate selection was performed. Risk ratios were reported with 95% confidence interval (CI).

significant. All statistical analyses were performed with the STATA 16 software (StatCorp, College Station, TX).

Legal requirements

This study was approved by the ethics committee from the institutional review board (IRB) of the Montpellier University Hospital (approval number: IRB-MTP_2022_04_202201037).

Patients or surrogate decision makers received a brochure at the time of ICU admission explaining the possibility that their anonymized data would be collected and that they could object to it at any time. In accordance with French law and IRB recommendations, written consent was not required for this observational study. No data allowing patient identification were collected.

Results

Characteristics of the study population

During the study period, 580 patients with HM were admitted to our unit, of which 251 were discharged alive from the ICU and included in our cohort (Figure 1).

Their baseline characteristics are displayed in Table 1. One hundred and sixty-two patients (64.5%) were male. The median age was 63 years [52; 69],

and the median Charlson index was 4 [3; 5] (Table 1).

More than half of the patients were treated for lymphoid hemopathies (51.4%), followed by myeloid hemopathies (35%) and multiple myeloma (13.6%). Eighty-seven patients (34.7%) had a newly-diagnosed HM and 82 patients (32.7%) had a progressing or refractory HM at their ICU admission (Table 1). remained dependent to RRT (Table 3).

Comparison of patients with and without AKI

AKI occurred more frequently in patients with myeloid hemopathies or multiple myeloma, than those with lymphoid hemopathies (p=0.04) (Table 1).

Patients who experienced an AKI had higher severity scores (p<0.01), were more often admitted for shock (45.6% vs. 37.5%, p<0.01) and renal or metabolic disorders (18.4% vs. 3.9%, p<0.01), and required more frequently vasopressors (38 patients (36.5%), versus 79 patients (53.7%), p<0.01) (Table 2). In contrast, patients without AKI were more often admitted for ARF (44.2% vs. 28.6%, p<0.01). Of note, non renal SOFA scores were similar between the two groups.

There was no difference in ICU-LOS and H-LOS between patients with and without AKI (Table 2).

Impact of AKI on the outcomes 3.2.3.1. Mortality

Mortality rate was not statistically different between AKI and no-AKI patients, at any time of follow-up (Table 6).

Our primary endpoint, 3-year mortality, was 57.7% in no AKI patients vs. 66.7% in AKI patients (p=0.27) (Table 6). 

Outcome of hematological malignancy

After ICU stay, initial hematological chemotherapy was maintained in 164 patients (65.3%) with a statistical difference between groups: 88 (59.9%) in AKI group vs. 76 (73%) in no-AKI group (p=0.03).

A modification of chemotherapy dosage occurred in 16 patients (6.4%) and a change in chemotherapy molecules or transformation of a curative project into a palliative one in 87 patients (34.7%), with a statistical difference between groups (Table 7).

Interruptions of the planned treatment were due to a disease progression, an altered performance status or an impaired renal function. One hundred and twenty-seven patients (50.6%) progressed or relapsed after ICU discharge.

Median relapse-free survival was 4 months (CI 95% [3.2; 7.1]) (Figure 3). 

Factors associated with clinical outcomes

By univariate analysis, a performance status ≥2, a refractory HM at ICU admission or progression of the underlying HM at ICU discharge were strong predictors of death, with a trend for RRT requirement.

By multivariate analysis, male gender and progression of the underlying HM at ICU discharge were the only independent predictors of death (Table 8). By univariate analysis, a performance status ≥2 and a refractory HM at ICU admission were the strongest predictors of progression or relapse with a trend for RRT requirement.

By multivariate analysis, increased age was the only independent predictor of progression or relapse (Table 9). 

Analyses of subgroups according to renal function impairment

The three subgroups defined by their renal function alteration were compared.

Higher severity scores at ICU admission were related to renal failure as reflected by the non-differences found on the non-renal SOFA between groups (Table 10). Moreover, patients requiring RRT were more likely to receive invasive mechanical ventilation and vasopressors, compared to Group 2 and Group 1 patients (p<0.01) (Table 11).

AKI severity was significantly associated with longer median ICU-LOS (p<0.01) and H-LOS (p=0.02) (Table 11).

Renal recovery also occurred less frequently in patients who required RRT, owing that 15/25 patients (60%) in Group 3, versus 23/36 patients (63.9%) in Group 2 and 86/100 patients (86%)

in Group 1 recovered (p<0.01). Three-year mortality was higher as AKI was more severe: 93 patients (58.9%) in Group 1, 35 patients (63.6%) in Group 2, and 30 patients (78.9%) in Group 3, but without reaching statistical significance (p=0.07) (Figure 4). AKI severity seems to influence hematological management during follow-up: 109 patients (69%) in Group 1, 37 patients (67.3%) in Group 2 and 18 patients (47.4%) in Group 3 (p=0.09) maintained the same therapeutic project (Table 12). However, this was not translated to the rate of progression or relapse (Figure 5). 

Discussion

This single-center retrospective study spans upon a long time period (2012-2020). Its aim was to assess the impact of AKI on the long-term prognosis of patients with HM discharged alive from the ICU. Our main results show that 58.6% of patients alive at ICU discharge developed AKI during their stay, 25.6% of which required RRT. The 3-year mortality was 62.9% with no statistically significant difference according to the occurrence of AKI. Maintaining of planned therapeutic project was achieved in 65.3% patients after ICU discharge and 50.6% of the patients progressed or relapsed during follow-up. These results allow us to identify several important insights.

First, AKI was diagnosed in more than half of the patients surviving their admission to the ICU, two-thirds of whom being at least KDIGO stage 2. This prevalence is much higher than what is found in the general ICU population, but similar to what has already been described in the patients with HM admitted to the ICU with AKI, although not focusing on patients discharged alive [START_REF] Nisula | Incidence, risk factors and 90-day mortality of patients with acute kidney injury in Finnish intensive care units: the FINNAKI study[END_REF][START_REF] Mildh | Three-year mortality in 30-day survivors of critical care with acute kidney injury: data from the prospective observational FINNAKI study[END_REF][START_REF] Vaara | Association of oliguria with the development of acute kidney injury in the critically ill[END_REF][START_REF] Darmon | Acute kidney injury in critically ill patients with haematological malignancies: results of a multicentre cohort study from the Groupe de Recherche en Réanimation Respiratoire en Onco-Hématologie[END_REF]. We also notice that the type of HM influences the prevalence of AKI, with a higher proportion among patients with myeloid hemopathies or multiple myeloma [START_REF] Canet | Acute kidney injury in patients with newly diagnosed high-grade hematological malignancies: impact on remission and survival[END_REF][START_REF] Darmon | Acute kidney injury in critically ill patients with haematological malignancies: results of a multicentre cohort study from the Groupe de Recherche en Réanimation Respiratoire en Onco-Hématologie[END_REF][START_REF] Canet | Acute kidney injury in hematological patients[END_REF].

With a 3-year mortality rate of 66.7% vs. 57.7% (p=0.27), the occurrence of AKI does not seem to impact our primary endpoint. However, despite similar severity scores at ICU admission compared to what has been found in other publications, our in-hospital mortality rate (17.9%) is lower than the 20-45% rates described in studies that did not focus on the ICU survivors [START_REF] Canet | Acute kidney injury in patients with newly diagnosed high-grade hematological malignancies: impact on remission and survival[END_REF][START_REF] Darmon | Acute kidney injury in critically ill patients with haematological malignancies: results of a multicentre cohort study from the Groupe de Recherche en Réanimation Respiratoire en Onco-Hématologie[END_REF][START_REF] Darmon | Tumour lysis syndrome and acute kidney injury in high-risk haematology patients in the rasburicase era. A prospective multicentre study from the Groupe de Recherche en Réanimation Respiratoire et Onco-Hématologique[END_REF]. The exclusion of patients who did not survive their ICU admission largely explains this discrepancy, but other factors may have contributed to this result. The recent development of closer collaboration between hematologists and intensivists, coupled with earlier admission and development of curative and supportive care are all factors that benefit patient survival [START_REF] Saillard | Critically ill allogeneic hematopoietic stem cell transplantation patients in the intensive care unit: reappraisal of actual prognosis[END_REF][START_REF] Fassbind | Improved survival rates of AML patients following admission to the intensive care unit[END_REF][START_REF] Bird | Outcomes and prognostic factors in patients with haematological malignancy admitted to a specialist cancer intensive care unit: a 5 yr study[END_REF].

The in-hospital mortality of our patients thus tends towards the mortality of patients without HM [START_REF] Nisula | Incidence, risk factors and 90-day mortality of patients with acute kidney injury in Finnish intensive care units: the FINNAKI study[END_REF][START_REF] Darmon | Acute kidney injury in critically ill patients with haematological malignancies: results of a multicentre cohort study from the Groupe de Recherche en Réanimation Respiratoire en Onco-Hématologie[END_REF].

Associated organ failure is a well-known factor of poorer prognosis in ICU patients, including those with HM [START_REF] Geerse | Prognosis of patients with haematological malignancies admitted to the intensive care unit: Sequential Organ Failure Assessment (SOFA) trend is a powerful predictor of mortality[END_REF]. Despite these data, we found a significantly higher SOFA score in the AKI population (6 versus 4, p<0.01), without impact on mortality. In our study, we note that the difference in SOFA scores at admission according to AKI appears to be only related to the renal component, non-renal SOFA not being significantly different between the two groups. This may be explained by the absence of more severe associated organ dysfunctions, translating into a better outcome since RRT alone is no longer associated with excessive mortality after adjustment for confounders [START_REF] Benoit | Acute kidney injury in critically ill patients with cancer[END_REF][START_REF] Darmon | Should dialysis be offered to cancer patients with acute kidney injury?[END_REF]. However, we note a non-significant trend towards an increase in mortality as renal function worsens, from 58.9% in patients without AKI or with mild AKI, to 78.9% in patients whose more severe AKI required RRT (p=0.07). The same is true for the ICUand H-LOS, already described as lengthened by AKI [START_REF] Chertow | Acute kidney injury, mortality, length of stay, and costs in hospitalized patients[END_REF].

More than three-quarters of our patients recovered or maintained their anterior renal function.

We note that in the long-term, patients who developed AKI during their stay have worse renal syndrome, but only 19% of patients who required RRT in the setting of multiple myeloma will recover their prior renal function [START_REF] Bagshaw | Prognosis for long-term survival and renal recovery in critically ill patients with severe acute renal failure: a population-based study[END_REF][START_REF] Canet | Acute kidney injury in hematological patients[END_REF]. We also note that most patients requiring RRT were weaned from this procedure, which is comparable to the 80% described in the literature [START_REF] Canet | Acute kidney injury in hematological patients[END_REF].

However, 6 patients remained dependent of RRT, showing the potential severity of renal injury on their long-term prognosis.

Apart from the 38 patients that required RRT (25.6% of the AKI population, but 80.9% of the patients with KDIGO stage 3 AKI), the use of other supportive therapies is discordant with what is already known. We note a very low rate of invasive mechanical ventilation (16.7%) compared to the 45 to 50% previously described [START_REF] Faucher | Short-and long-term outcomes in onco-hematological patients admitted to the intensive care unit with classic factors of poor prognosis[END_REF][START_REF] Azoulay | Outcomes of critically ill patients with hematologic malignancies: prospective multicenter data from France and Belgium--a groupe de recherche respiratoire en réanimation onco-hématologique study[END_REF]. One explanation could be that acute respiratory failure is usually the number one reason for ICU admission in patients with HM, with rates of 50 to 65% depending on the HM [START_REF] Thiéry | Outcome of cancer patients considered for intensive care unit admission: a hospital-wide prospective study[END_REF][START_REF] Bird | Outcomes and prognostic factors in patients with haematological malignancy admitted to a specialist cancer intensive care unit: a 5 yr study[END_REF][START_REF] Azoulay | Outcomes of critically ill patients with hematologic malignancies: prospective multicenter data from France and Belgium--a groupe de recherche respiratoire en réanimation onco-hématologique study[END_REF][START_REF] Mokart | Prognosis of neutropenic patients admitted to the intensive care unit[END_REF]. In contrast, acute respiratory failure represents only one-third of our admissions, second after shock. Another explanation could be the higher fatality rate of acute respiratory failure, inducing a bias in the patient recruitment, considering our study only focuses on patients discharged alive from the ICU. Invasive mechanical ventilation was also related to AKI severity, with rates of 39.5% in patients requiring RRT, compared with 14.6% of KDIGO stage 2 and 3 patients and 12% of KDIGO stage 1 or AKI-free patients (p<0.01). On the other hand, having nearly half of the cohort admitted for shock translates into half of the patients receiving vasopressor support, with a higher proportion in patients who developed AKI (53.7% vs 36.5%, p<0.01). These settings represent the case-mix of our hospital and might not be generalizable to other ICUs.

Among other poor prognostic factors, admission status of the underlying malignancy has also been described as associated with mortality in patients admitted to the ICU [START_REF] Bird | Outcomes and prognostic factors in patients with haematological malignancy admitted to a specialist cancer intensive care unit: a 5 yr study[END_REF][START_REF] Soares | Prognosis of critically ill patients with cancer and acute renal dysfunction[END_REF]. We also showed that refractory status, but also bedridden patients before admission were associated with poorer outcomes. These findings are in line with what is now standard of care, strengthening the need to take into account these variables when considering admission to the ICU [START_REF] Lecuyer | The ICU trial: a new admission policy for cancer patients requiring mechanical ventilation[END_REF]. We also showed that progression of the underlying HM at ICU discharge was a strong predictor of death.

This suggests that the sole reason for readmission in the ICU that could be beneficial for these patients should be palliative care that could not be offered in the hematology ward.

Lastly, after a stay in the ICU, the literature reports a change of therapeutic plan in 20% of patients. This may involve a molecule or dosage change, or the use of an exclusively palliative project [START_REF] Canet | Acute kidney injury in patients with newly diagnosed high-grade hematological malignancies: impact on remission and survival[END_REF][START_REF] Azoulay | Outcomes of critically ill patients with hematologic malignancies: prospective multicenter data from France and Belgium--a groupe de recherche respiratoire en réanimation onco-hématologique study[END_REF]. In this cohort, 34.7% of patients had a change in their initial hematological plan, with a significantly higher proportion in the settings of an AKI (40.1% vs. 27%, p=0.03).

However, this difference did not seem to impact progression-free survival, as 45.2% of patients without AKI progressed during follow-up, compared with 54.4% of patients who developed AKI, a difference that is not statistically significant (p=0.15). The same is true for the intent to treat the aforementioned progression, with the same proportion of patients being treated in the two groups (65.2% vs. 67.5%, p=0.79).

Despite the data provided by this study, several limitations should be highlighted. First, this is a retrospective cohort, which exposes us to confounding factors. We tried to minimize this bias especially with the multivariate analysis, but we can not rule out possible confounders. Second, this is a single-center tertiary care study, subject to selection bias related to local admission policies. This may have influenced the data in this study and does not allow these results to be generalized to all centers, particularly non-university hospitals. Third, the data were extracted from the patients' electronic records, and some values may have been missing during collection, in particular the cause of AKI, which might have an impact on its prognosis. Finally, we decided to separate the different HM into lymphoid, myeloid and myelomatous, without prejudging their aggressive or non-aggressive nature, which may have influenced the outcomes of the patients.

Conclusion

AKI affects more than half of patients with HM discharged alive from the ICU, approximately two third of whom will recover from their AKI. More than 80% of patients requiring RRT will be weaned from this procedure, advocating for further care in these patients. We found no impact on 3-year mortality, although there seems to be a trend toward excess mortality in patients requiring RRT. The mortality rate of these patients thus became similar to non-HM ICU patients.

Despite a more frequent modification of the hematological project in patients having developed an AKI, we do not note any impact on the progression of HM.

The occurrence of AKI is a frequent phenomenon that should prompt the utmost vigilance in the management of patients with HM admitted to the ICU. It should not lead clinicians to contraindicate admission to the ICU. On the contrary, it should encourage them to manage these patients as soon as possible so they can benefit from their ICU stay and continue their therapeutic project in collaboration with hematologists. Larger prospective studies are needed to confirm these data.
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Table 1 .

 1 Patient characteristics.

		Total, n (%)	No AKI, n (%)	AKI, n (%)	
	Variables	251 (100)	104 (41.4)	147 (58.6) p-value
	Age (years), median [IQR]	63 [52; 69]	61 [48.5; 70]	63 [56; 68]	0.11
	Male gender, n (%)	162 (64.5)	60 (57.7)	102 (69.4)	0.06
	Charlson index, median [IQR]	4 [3; 5]	4 [2.5; 5]	4 [3; 6]	0.08
	Performance status, n (%)				0.26
	0-1	72 (64.3)	35 (70)	37 (59.7)	
	2-4	40 (35.7)	15 (30)	25 (40.3)	
	Chronic kidney disease, n (%)	29 (11.6)	4 (3.9)	25 (17.1)	<0.01
	Stage 1	1 (0.4)	0 (0)	1 (0.7)	
	Stage 2	9 (3.6)	1 (0.9)	8 (5.4)	
	Stage 3	19 (7.5)	3 (2.9)	16 (10.9)	
	Hematologic malignancies, n (%)				0.04
	Lymphoid (HL, NHL, ALL and CLL)	129 (51.4)	63 (60.6)	66 (44.9)	
	Myeloid (AML, MDS, CML and MPS)	88 (35)	31 (29.8)	57 (38.8)	
	Multiple myeloma	34 (13.6)	10 (9.6)	24 (16.3)	
	History of chemotherapy, n (%)	220 (87.7)	92 (88.5)	128 (87)	0.74
	Chemotherapy lines, median [IQR]	2 [1; 3]	2 [1; 3]	2 [1; 3]	0.80
	Autologous HSCT, n (%)	55 (21.9)	27 (26)	28 (19)	0.19
	Allogeneic HSCT, n (%)	51 (20.3)	18 (17.3)	33 (22.5)	0.32
	CAR-T cells, n (%)	11 (4.4)	9 (8.7)	2 (1.4)	<0.01
	Median time between hospitalization and admission to the intensive care unit was 9 days [1; 19].
	At ICU admission, the median SAPS II and SOFA of the cohort were respectively 48 [39; 58]
	and 5 [4; 8] (Table 2).				
	One hundred and six patients (42.2%) were admitted for shock, followed by acute respiratory
	failure (ARF) for 88 patients (35%), renal or metabolic disorders for 31 patients (12.4%) and
	other reasons for 26 patients (10.4%). One hundred and seventeen patients (46.6%) required

AKI: acute kidney injury; IQR: interquartile range; HL: Hodgkin's lymphoma; NHL: non-Hodgkin's lymphoma; ALL: acute lymphoblastic leukemia; CLL: chronic lymphocytic leukemia; AML: acute myeloid leukemia; MDS; myelodysplastic syndrome; CML; chronic myeloid leukemia; MPS: myeloproliferative syndrome; HM: hematological malignancies; ICU: intensive care unit; HSCT: hematopoietic stem cell transplantation; CAR-T: chimeric antigen receptor-T.

vasopressors, 42 patients (16.7%) received invasive mechanical ventilation and 25 patients (10%) received non-invasive mechanical ventilation (Table

2

).

Table 2 .

 2 Patient characteristics during their ICU stay.

	Variables	Total, n (%)	No AKI, n (%)	AKI, n (%)	p-value
		251 (100)	104 (41.4)	147 (58.6)	
	Status				
	Time to ICU admission (days), median [IQR]				
	Onset of hospitalization	9 [1; 19]	10 [2; 19.5]	6 [1; 18]	0.18
	Onset of HM	267 [49; 804]	220.5 [46; 751]	336 [51; 960]	0.37
	Since last chemotherapy line	15 [7; 42.5]	15 [6; 29]	15 [7; 56.5]	0.31
	HM status at ICU admission, n (%)				0.64
	Newly-diagnosed	87 (34.7)	37 (35.6)	50 (34)	
	Refractory	82 (32.7)	32 (30.7)	50 (34)	
	Complete response	60 (23.9)	24 (23.1)	36 (24.5)	
	Partial response	22 (8.7)	11 (10.6)	11 (7.5)	
	SAPS II, median [IQR]	48 [39; 58]	44.5 [36.5; 54]	51 [41; 60]	<0.01
	SOFA score, median [IQR]	5 [4; 8]	4 [3; 7]	6 [4; 9]	<0.01
	Non-renal SOFA score, median [IQR]	5 [3; 7]	4 [3; 7]	5 [3; 8]	0.42
	Reason for ICU admission, n (%)				<0.01
	Shock	106 (42.2)	39 (37.5)	67 (45.6)	
	Acute respiratory failure	88 (35)	46 (44.2)	42 (28.6)	
	Renal or metabolic disorders	31 (12.4)	4 (3.9)	27 (18.4)	
	Others	26 (10.4)	15 (14.4)	11 (7.4)	
	Evolution				
	Chemotherapy use, n (%)	41 (16.3)	15 (14.4)	26 (16.7)	0.49
	Neutropenia, n (%)	111 (44.2)	47 (45.2)	64 (43.5)	0.79
	Neutropenia recovery, n (%)	45 (40.5)	14 (29.8)	31 (48.4)	0.03
	Sepsis, n (%)	200 (79.7)	79 (76)	121 (82.3)	0.58
	Documented, n (%)	166 (66.1)	70 (67.3)	96 (65.3)	0.74
	Invasive mechanical ventilation				
	n (%)	42 (16.7)	14 (13.5)	28 (19)	0.24
	Duration (days), median [IQR]	6.5 [4; 14]	6 [3; 14]	7 [4; 13.5]	0.61
	Non-invasive mechanical ventilation				
	n (%)	25 (10)	13 (12.5)	12 (8.2)	0.26
	Duration (days), median [IQR]	2 [1; 4]	3 [1; 5]	2 [1; 2.5]	0.45
	Vasopressors				
	n (%)	117 (46.6)	38 (36.5)	79 (53.7)	<0.01
	Duration (days), median [IQR]	3 [2; 5]	3 [2; 4]	3.5 [2; 5]	0.15
	Outcome				
	Duration (days), median [IQR]				
	ICU-LOS	5 [3; 9]	5 [3; 8]	5 [4; 11]	0.08
	H-LOS	35 [21; 56]	34 [20; 51.5]	37 [22; 59]	0.34
	In-hospital mortality, n (%)	45 (17.9)	14 (13.5)	31 (21.1)	0.12

ICU: intensive care unit; AKI: acute kidney injury; IQR: interquartile range; H: hospital; LOS: length of stay; HM: hematological malignancy; SAPS II: simplified acute physiology score II; SOFA: sequential organ failure assessment.

Table 3 .

 3 AKI characteristics.

	Variables

AKI: acute kidney injury; ICU: intensive care unit; KDIGO: Kidney Disease: Improving Global Outcomes; SD: standard deviation; IQR: interquartile range; RRT: renal replacement therapy. RRT was required in 38 of the 47 patients with KDIGO stage 3 AKI (80.9%), with a median duration of 3 days [2; 7]. The median time from ICU admission to RRT initiation was 2 days [0; 4]. Thirty-two patients (84.2%) were weaned from this procedure during follow-up, and 6

Table 6 .

 6 Mortality and primary outcome according to the occurrence of AKI.

	Variables	Total, n (%)	No AKI, n (%)	AKI, n (%)	p-value
		251 (100)	104 (41.4)	147 (58.6)	
	Mortality, n (%)				
	1-year	131 (52.2)	48 (46.2)	83 (56.5)	0.12
	3-year	158 (62.9)	60 (57.7)	98 (66.7)	0.27
	Total	163 (64.9)	61 (58.7)	102 (69.4)	0.14
	Time from ICU discharge (days), median [IQR]	118.5 [43; 324] 108.5 [45; 300]	125 [42; 331]	0.88

AKI; acute kidney injury; ICU: intensive care unit; IQR: interquartile range.

Table 7 .

 7 Follow-up of HM disease.

	Variables	Total, n (%)	No AKI, n (%)	AKI, n (%)	p-value
		251 (100)	104 (41.4)	147 (58.6)	
	Pursuit of hematological plan				
	n (%)	164 (65.3)	76 (73)	88 (59.9)	0.03
	Dosage change	16 (6.4)	8 (7.7)	8 (5.4)	0.03
	Progression or relapse after ICU discharge				
	n (%)	127 (50.6)	47 (45.2)	80 (54.4)	0.15
	Time to event (days), median [IQR]	41 [10; 146]	41 [17; 138]	38 [7; 147]	0.48
	Decision to treat, n (%)	84 (66.7)	30 (65.2)	54 (67.5)	0.79
	HM: hematological malignancy; AKI: acute kidney injury; ICU: intensive care unit; IQR: interquartile range.

Table 8 .

 8 Predictors of long-term mortality.

	Variable	Univariate analysis	p-value Multivariate analysis	p-value
		Risk Ratio (95% CI)		Risk Ratio (95% CI)	
	Age, per year	1.01 (1.00-1.02)	0.041		
	Male gender	1.39 (1.00-1.93)	0.045	1.40 (1.00-1.94)	0.044
	Performance status ≥2	2.06 (1.28-3.30)	0.003		
	Acute kidney injury	1.26 (0.91-1.73)	0.156		
	RRT requirement	1.47 (0.99-2.19)	0.066		
	Progression of HM at ICU discharge	3.52 (2.50-4.96)	<0.001	3.53 (2.50-4.97) <0.001

CI: confidence interval; RRT: renal replacement therapy; HM: hematological malignancy; ICU: intensive care unit.

Table 9 .

 9 Predictors of relapse.

	Variable

Univariate analysis Risk Ratio (95% CI) p-value Multivariate analysis Risk Ratio (95% CI) p-value

  

	Age, per year	1.01 (1.00-1.03)	0.016	1.01 (1.00-1.03) 0.019
	Performance status ≥2	2.55 (1.63-3.98) <0.001	
	HM status at ICU admission, compared to CR		<0.001	
	Refractory	3.67 (2.19-5.18)		
	Newly-diagnosed	1.81 (1.17-2.81)		
	Reason for ICU admission, compared to shock		0.017	
	Acute respiratory failure	1.47 (1.04-2.07)		
	Renal or metabolic disorders	1.98 (1.26-3.11)		
	RRT requirement	1.48 (1.00-2.17)	0.054	
	CI: confidence interval; HM: hematological malignancy; CR: complete response; ICU: intensive care unit; RRT:
	renal replacement therapy.			

Table 10 .

 10 Subgroup analysis: patient characteristics.

	Variables	Total, n (%)	Group 1, n (%)	Group 2, n (%)	Group 3, n (%)	p-value
		251 (100)	158 (62.9)	55 (21.9)	38 (15.1)	
	Charlson index, median [IQR]	4 [3; 5]	4 [3; 5]	4 [3; 6]	5 [3; 6]	0.03
	Performance status, n (%)					0.08
	0-1	72 (64.3)	47 (68.1)	17 (70.8)	8 (42.1)	
	2-4	40 (35.7)	22 (31.9)	7 (29.2)	11 (57.9)	
	HM status at ICU admission, n (%)					0.46
	Newly-diagnosed	87 (34.7)	56 (35.5)	16 (29.1)	15 (39.5)	
	Refractory	82 (32.7)	53 (33.5)	17 (30.9)	12 (31.6)	
	Complete response	60 (23.9)	36 (22.8)	18 (32.7)	6 (15.8)	
	Partial response	22 (8.7)	13 (8.2)	4 (7.3)	5 (13.1)	
	Group 1: no AKI and AKI KDIGO stage 1; Group 2: AKI KDIGO stage 2 and 3; Group 3: patients requiring RRT.
	AKI: acute kidney injury; KDIGO: Kidney Disease: Improving Global Outcomes; SAPS II: simplified acute
	physiology score II; IQR: interquartile range; SOFA: sequential organ failure assessment; ICU: intensive care unit;
	H: hospital; LOS: length of stay; HM: hematological malignancy.			

Table 11 .

 11 Subgroup analysis: patient characteristics during their ICU stay.

	Variables	Total, n (%)	Group 1, n (%)	Group 2, n (%)	Group 3, n (%)	p-value
		251 (100)	158 (62.9)	55 (21.9)	38 (15.1)	
	Status					
	SAPS II, median [IQR]	48 [39; 58] 45.5 [36.5; 55]	52.5 [41; 60]	56 [45; 62] <0.01
	SOFA score, median [IQR]	5 [4; 8]	5 [3; 7]	6 [4; 8]	8 [6; 10] <0.01
	Non-renal SOFA score, median [IQR]	5 [3; 7]	5 [3; 7]	4 [3; 7]	6 [2; 8]	0.29
	Reason for ICU admission, n (%)					<0.01
	Shock	106 (42.2)	71 (44.9)	25 (45.4)	10 (26.3)	
	Acute respiratory failure	88 (35)	61 (38.6)	19 (34.6)	8 (21.1)	
	Renal or metabolic disorders	31 (12.4)	7 (4.4)	7 (12.7)	17 (44.7)	
	Others	26 (10.4)	19 (12.1)	4 (7.3)	3 (7.9)	
	Evolution					
	Chemotherapy use, n (%)	41 (16.3)	23 (14.6)	7 (12.7)	11 (29)	0.07
	Neutropenia, n (%)	111 (44.2)	68 (43)	24 (43.6)	19 (50)	0.74
	Neutropenia recovery, n (%)	45 (40.5)	24 (35.3)	9 (37.5)	12 (63.2)	0.05
	Invasive mechanical ventilation					
	n (%)	42 (16.7)	19 (12)	8 (14.6)	15 (39.5) <0.01
	Duration (days), median [IQR]	6.5 [4; 14]	7 [4; 14]	5 [3.5; 10.5]	8 [4; 14]	0.66
	Non invasive mechanical ventilation					
	n (%)	25 (10)	19 (12)	4 (7.3)	2 (5.3)	0.46
	Duration (days), median [IQR]	2 [1; 4]	2 [1; 5]	1.5 [1; 2.5]	4 [2; 6]	0.47
	Vasopressors					
	n (%)	117 (46.6)	62 (39.2)	31 (56.4)	24 (63.2) <0.01
	Duration (days), median [IQR]	3 [2; 5]	3 [2; 4]	3 [2; 5]	6 [3; 9.5] <0.01
	Outcome					
	Duration (days), median [IQR]					
	ICU-LOS	5 [3; 9]	4 [3; 7]	5 [3; 8]	12 [6; 18] <0.01
	H-LOS	35 [21; 56]	33 [20; 52]	32 [18; 56]	49.5 [31; 71]	0.02
	Group 1: no AKI and AKI KDIGO stage 1; Group 2: AKI KDIGO stage 2 and 3; Group 3: patients requiring RRT.
	AKI: acute kidney injury; KDIGO: Kidney Disease: Improving Global Outcomes; RRT: renal replacement therapy;
	IQR: interquartile range; ICU: intensive care unit; H: hospital; LOS: length of stay.		

Table 12 .

 12 Long-term outcomes, subgroup analysis.

	Variables	Total, n (%)	Group 1, n (%)	Group 2, n (%)	Group 3, n (%)	p-value
		251 (100)	158 (62.9)	55 (21.9)	38 (15.1)	
	Pursuit of hematological plan					0.09
	n (%)	164 (65.3)	109 (69)	37 (67.3)	18 (47.4)	
	Dosage change	16 (6.4)	10 (6.3)	4 (7.3)	2 (5.3)	
	Progression or relapse after discharge					
	n (%)	127 (50.6)	74 (46.8)	33 (60)	20 (52.6)	0.23
	Time to event (days), median [IQR]	41 [10; 146]	39 [13; 161]	48 [7; 128] 25.5 [8.5; 187.5]	0.91
	Decision to treat, n (%)	84 (66.7)	45 (61.6)	25 (75.8)	14 (70)	0.34

Group 1: no AKI and AKI KDIGO stage 1; Group 2: AKI KDIGO stage 2 and 3; Group 3: patients requiring RRT. AKI: acute kidney injury; KDIGO: Kidney Disease: Improving Global Outcomes; RRT: renal replacement therapy; IQR: interquartile range; ICU: intensive care unit.

  function than those without AKI (return to baseline creatinine level: 69.9% versus 86.8%, p=0.01). The impairment of renal function in patients who did not develop AKI during their ICU stay may be explained by subsequent kidney aggressions during their course (chemotherapy lines, infections…) not requiring ICU admission. The severity of AKI conditions the recovery or maintenance of previous renal function, occurring in 60% of RRT-requiring patients, compared to 63.9% of KDIGO stage 2 and 3 patients and 86% of KDIGO stage 1 or without AKI patients (p<0.01). We know that recovery of previous renal function occurs in most patients but is dependent on the cause of AKI. For example, ad integrum recovery is the rule in tumor lysis
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Forty-one patients (16.3%) received chemotherapy during their stay in the ICU (Table 2).

The median ICU-LOS was 5 days [3; 9], the median H-LOS was 35 days [21; 56] (Table 2).

In-hospital mortality rate was 17.9% among ICU survivors (Table 2). Upon the total duration of our study, 163 patients (64.9%) died, with a median follow-up of 4.3 years (95% CI [3.7; 5.4]) and a median overall survival of 11 months (95% CI [6.7; 15]). Approximately half of the patients died during the year following their ICU discharge, with a stabilization of the mortality rate after one year (Figure 2). 

Study population analysis according to AKI

Characteristics of AKI

Among the 251 patients, 147 (58.6%) had developed AKI, of which 126 (85.7%) presented it on ICU admission. Regarding AKI patients, 36.7% developed an AKI KDIGO stage 1, 31.3% stage 2 and 32% stage 3. About 25% underwent RRT during the ICU stay (Table 3).

At ICU discharge, median creatinine levels were significantly higher in the AKI group as compared to the non-AKI group (Table 4). and 12 months (Table 5).

Recovery or maintenance of previous renal function during follow-up was assessed in 124/161 patients (77%), significantly higher in no AKI patients: 86.8% vs. 69.9% (p<0.01). L'IRA touche plus de la moitié des patients porteurs d'HM admis en réanimation, sans impact significatif sur la mortalité à trois ans. Plus de trois-quart des patients vont récupérer leur fonction rénale antérieure. Malgré une modification plus fréquente du projet hématologique chez ceux avec IRA, nous ne notons pas d'impact sur la progression de l'HM. L'IRA ne doit donc pas être un frein à l'admission de ces patients en réanimation.
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Impact of acute kidney injury occurrence in critical care on long-term prognosis in patients with hematological malignancies.

Abstract

Acute kidney injury (AKI) is associated with high morbidity and mortality and 75% of patients with hematological malignancies (HM) are at risk. We aimed to evaluate the impact on long-term prognosis of the occurrence of AKI in patients with HM who survived their critical care admission. This was a single-center retrospective cohort of patients with HM, admitted to the Intensive Care Unit between January 1, 2012 and December 31, 2020, separated into two groups according to the occurrence AKI. AKI was defined according to the Kidney Disease: Improving Global Outcomes (KDIGO) criterias. The primary outcome was 3-year mortality. In patients developing AKI, 59.9% were able to continue their hematological course versus 73% without AKI ( p=0.03). AKI affects more than half of the patients with HM admitted to the ICU, without significant impact on 3-year mortality. More than three quarters of the patients will recover a previous renal function and despite a more frequent modification of the hematological course in those with AKI, we do not note an impact on the progression of HM. AKI should not be a barrier to the admission of these patients to the ICU.

Mots-clés

Insuffisance rénale aiguë; soins critiques; réanimation; hémopathies malignes; pronostic; acute kidney injury; ICU; hematological malignancies; prognosis.

Spécialité

Médecine Intensive -Réanimation.