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Ainsi qu'à Cécile (que je vouvoie encore), Camille, Maelys, Anne-Pascale…

Mentions particulières

A Séverine, merci pour ton écoute, ta logique et ta réflexion. J'attends toujours de découvrir tes pas de Salsa ! A Emilien, merci pour tes encouragements et de m'avoir accordé ta confiance.

Merci également aux autres services pédiatriques qui m'ont accueilli à Grenoble (Hôpital de

Jour, Réanimation / Soins Continus), Chambéry (Pédiatrie Polyvalente) et Albertville.

Et merci à tout le personnel paramédical (infirmier.ère.s, puéricultrices et auxiliaires) qui a marqué mon cursus, sans qui aucun soin ne serait possible.

Aux amis de différentes époques :

Les amis d'antan (hashtag Nîîîîîîîîmes, hashtag la belle époque, hashtag consanguins)

A Antoine, en 306 à Nîmes, en Van à San-Sebastian, en vachette au Férium, en skate à Lacanau, en paquebot sur la mer Adriatique, en métro à Marseille, en bus à Thessalonique, nous deux ça plane pour l'éternité. Qui aurait pu prévoir qu'un blond végan extrémiste et un brun bourgeois-SM partageraient l'affiche d'un si beau nanar ? Eh oui, c'est nous les stars bébé. Toutes ces expériences loufoques ne seraient pas possibles si l'un ne venait pas sans cesse titiller la bêtise de l'autre. Au fond de nous c'est ce que nous sommes : de grands enfants qui n'ont jamais voulu grandir. C'est comme ça que je t'ai toujours aimé grand benêt, alors ne change rien, mais s'il te plait garde ta carcasse intacte jusqu'à la fin du film.

A Mael, on s'est rencontrés en P1 dans les couloirs de la prépa, ta chevelure rocambolesque défiant les lois de la gravité m'empêchait de voir le tableau. Si tu n'avais pas été, il aurait fallu t'inventer. De tous les idiots que je connais (car tu en es un), tu es sûrement celui qui est le plus à l'écoute et le plus attentionné de tous. J'espère qu'on aura un peu plus souvent l'occasion de se voir à l'avenir. Continue à être la personne drôle et généreuse que tu es.

A Yassine aka Lady Yaya, ça fait un moment que je ne t'ai pas vu mais cela n'efface en rien tous les moments partagés. Que ce soit par nos sessions guitare, les soirées Fifa, ou ce frénétique Interrail, nous n'avons jamais craint de confronter nos idées, et c'est ce qui a fait la richesse de notre relation. Merci d'être un bro, de t'être travesti et d'avoir gardé ma chatte.

A Thibaut aka El Presidente, pour cette soirée éternellement gravée à Montpellier.

A Jules, merci pour ce moment inoubliable qu'a été mon baptême de fal. 

A Romain et

Les amitiés marseillaises

A Noémie, pour notre colocation qui fut probablement la plus courte et la plus drôle de la cité phocéenne ! Et pour ce superbe duo guitare-chant, on refait ça quand tu veux.

A Myriam, tchhéééééééé tié folle djis !

A Kahena, tchhééééé une autchre folle eeeh.

A Camille, pour ces moments très drôles en Espagne !

Aux rencontres grenobloises (« touch my Gre-noooble »)

A Yann, comme quoi, on peut avoir des avis divergents sur Star Wars (…) et développer une amitié sincère. Entre les footings au bord de l'Isère, les randonnés, les sessions guitarebatterie, les dégustations de whiskys écossais, les occasions ne manquent pas ! Si d'avenir tu voulais faire un road-trip réunissant ces composantes, je serais heureux de t'accompagner. Il est une tâche ardue de trouver quelqu'un qui soit aussi agréable à vivre que toi.

Et à Bénédicte, merci de prendre soin de ton poussin.

A Adrian aka « allez lààààà », difficile de te catégoriser entre historien, ornithologue, arboriste / botaniste, guide de moyenne / haute montage, gogo-dancer et accessoirement interne d'ophtalmologie (penses-tu seulement à te reposer ?). Nous nous sommes trouvés à la première soirée internat, ce fut comme une évidence. Passer un weekend avec toi dans un chalet en hiver devient un voyage. Ton éclectisme me sidère, ta sincérité me touche.

A Nordine aka « aaaaah la famille, ça va mon Thib ?», il nous aura fallu peu de temps pour être copains comme cochons (sans mauvais jeu de mots). Il est rare de rencontrer un gars aussi attachant, il faut avouer que tu es bien servi par ton petit côté séducteur… Nos discussions sur la vie et les bonnes bouffées qu'on partage font partie des moments que je préfère, d'autant plus qu'elles renforcent notre amitié. 

A ma famille : Côté Bouys

A mes cousins Philippe et Lisa, Olivier et Benoît, Amélie et Guillaume : pour tous les moments passés aux Bories à fouiller les placards de nos grands-parents et à dépouiller les arbres fruitiers. Si j'ai manqué quelques repas de famille par le passé, ceux auxquels j'assiste aujourd'hui avec vous me remplissent de joie.

A ma tante Annie, depuis ma plus jeune enfance, tu affirmes ta présence et la rends indispensable. Je pourrais passer des heures à discuter cinéma avec toi, tant il est enrichissant de connaître ton point de vue sur ce sujet et l'art en général. Par tes pérégrinations et tes passions, tu brilles de jeunesse et de modernité. Merci de transmettre tout cela.

A ma tante Geneviève, merci pour ta jovialité et tes expressions tordues (oh pétard !).

A mes autres oncles et tantes : Francis et Régine, Thierry et Christine, Eric, Hugues.

Côté Aragoncillo

A mes cousins, que j'aime énormément. Nous avons partagé une enfance merveilleuse, et traversé des moments déchirants. Vous êtes un noyau dur, une seconde fratrie : Johanna, merci d'être là et d'avoir agrandi le cercle de notre belle famille.

Juliette, si on devait nous décrire, on parlerait sûrement d'un duo infernal, prêt à tout pour tester la patience des autres. Cela cache bien évidemment une complicité et une tendresse qui nous lie.

Hugo, merci pour ta gentillesse, ta sensibilité, et nos longues heures sur la Xbox.

Vincent, après un tel voyage, notre relation serait inéluctablement transformée. Je suis ravi d'avoir partagé cela avec toi.

Maxime, toujours présent dans les moments importants, tu m'impressionnes par ta maturité et ta détermination.

Kaïa, qui nous enchante de ses rires.

Et à Mickaël, ta présence au sein de notre famille est un réel plaisir.

A ma marraine Pascale, merci pour ta douceur, ta bienveillance et de m'offrir une oreille attentive lorsque j'en ai besoin. Je sais qu'avec toi, j'ai une personne de confiance à qui me confier.

A Corinne et Pierre, merci de m'avoir accueilli tant de fois chez vous et pour votre générosité.

A Nicole, Claude, Claudet.

Aux cousins De Rusunan, De Sagazan (Zaho, à ton succès incontestable !).

Côté « Bouysmuth »

A Catherine, Daniel, Jérôme, Marine, Gabrielle et Léon : si la famille ne se résume qu'à des liens de sang, ici bien sûr il n'en est rien. Vous aurez toujours une place privilégiée à mes yeux.

A Florent, impossible de ne pas évoquer tous les moments qu'on a partagés, tant ils sont nombreux et remontent à loin. Entre les délires sablais, les escapades parisiennes, nos aventures nîmoises et nos balades grenobloises, que garder ? Si on laissait ma vieille BMW choisir, ce serait plus simple. Quelle que soit la façon, on s'amuse comme de vrais ados. Mais surtout on s'apprécie comme des frangins, pour moi c'est ce qui constitue la plus solide des amitiés.

Et à Fiona.

Aux absents, dont le départ a été bien trop précoce…

Mes grands-parents Louise et Jules, qui nous ont transmis de si belles choses.

Ma tante France, qui nous gâtait et nous gavait de bonbons à Noël.

Ma grand-mère Annie, merci pour le dévouement avec lequel tu nous as élevés, et l'acharnement avec lequel tu as voulu souder cette famille. Ton absence se fait encore ressentir.

Mamé, pour l'héritage vendéen et tout ce qui en découle.

Jean, pour ta gentillesse, ton humour. Tu nous manques.

A ma famille proche

A mes parents, qui m'avez transmis des valeurs indispensables et inondé de votre amour.

Appui logistique infaillible, soutien moral indispensable, votre présence est vitale pour moi. Sans vous, je ne serais pas arrivé jusqu'ici.

Maman, jamais un mot pour te plaindre, toujours à penser et agir pour les autres, tu es un exemple de sollicitude. Tu fais cela souvent au détriment de ta propre santé, qui a été au coeur de mes tourments à plusieurs reprises. Je t'admire pour ton optimisme et ton courage. 

Introduction

Neonatal encephalopathy (NE) is a condition that affects approximately 1 in 1,000 live births [START_REF] Saliba | Establishing a hypothermia service for infants with suspected hypoxic-ischemic encephalopathy[END_REF]. It is associated with significant neurodevelopmental morbidity and high mortality, with around 10-60% mortality in the absence of treatment [START_REF] Azzopardi | Moderate hypothermia to treat perinatal asphyxial encephalopathy[END_REF]. Trials in newborns with moderate to severe NE born at ≥ 36 weeks' gestational age (GA) demonstrated the safety and efficacy of therapeutic hypothermia (TH) (3): treated newborns showed better survival free of neurologic abnormality, lower risk of cerebral palsy at 18 months (4), and improved long-term neurocognitive outcome [START_REF] Azzopardi | Effects of hypothermia for perinatal asphyxia on childhood outcomes[END_REF].

There is an international consensus on the use of TH in newborns at ≥36 weeks' GA. In the United States, the American Academy of Pediatrics guidelines recommended TH in newborns of ≥36 weeks' GA, based on randomized controlled trials (RCTs) since 2005 (6) (7) [START_REF] Gluckman | Selective head cooling with mild systemic hypothermia after neonatal encephalopathy: multicentre randomised trial[END_REF]. The French and Canadian societies recommended also TH in >36 weeks' GA. However, there is no clear evidence as to which GA threshold should be chosen as the lower limit for treating affected newborns.

Late-preterms (34-36 weeks' GA), which are a vulnerable population, are also affected by this condition (9) [START_REF] Schmidt | Hypoxic-ischemic encephalopathy in preterm infants[END_REF]. Many studies discussing the extension of TH to late-preterm newborns expressed concerns about the predisposition of this population to serious adverse events. A single-center study showed that 2.5% of preterms born at 33-35 weeks' GA showed physiological criteria for perinatal acidosis, and 27% had neurological signs of moderate to severe NE in the first days of life [START_REF] Chalak | Perinatal acidosis and hypoxic-ischemic encephalopathy in preterm infants of 33 to 35 weeks' gestation[END_REF]. A recent pilot study of head cooling in preterm newborns suggested that they are more likely to show adverse effects related to TH [START_REF] Walsh | Report of a pilot study of Cooling four preterm infants 32-35 weeks gestation with HIE[END_REF]. In a case report, a 34 +6 weeks' GA newborn with NE treated with TH developed signs of adverse cardiac events (bradycardia, QT lengthening on ECG), thrombocytopenia and mucocutaneous lesions [START_REF] Laura | Therapeutic hypothermia in a late preterm infant[END_REF].

Currently, a growing number of clinicians are considering the feasibility of TH in newborns at 34-35 weeks' GA [START_REF] Gancia | Therapeutic hypothermia in the prevention of hypoxic-ischaemic encephalopathy: new categories to be enrolled[END_REF]. Few data are available on the safety of TH in preterm infants with NE at 34 to 36 weeks' GA. Some studies suggested that TH may be feasible in this population [START_REF] Rao | Safety and Short-Term Outcomes of Therapeutic Hypothermia in Preterm Neonates 34-35 Weeks Gestational Age with Hypoxic-Ischemic Encephalopathy[END_REF] [START_REF] Herrera | Outcomes of preterm infants treated with hypothermia for hypoxic-ischemic encephalopathy[END_REF], but there are no published RCTs in <35 weeks' GA newborns, although one RCT is underway in the United States, studying the efficacy and safety outcomes of TH in newborns at 33 to 35weeks' GA [START_REF] Faix | Randomized Trial of Targeted Temperature Management with Whole Body Hypothermia for Moderate and Severe Encephalopathy in Premature Infants 33-35 Wks Gestation -A Bayesian Study (aka Preemie Hypothermia)[END_REF].

Our hypothesis was that TH is less well tolerated in late-preterm than term infants. The primary objective of this study was to compare the various adverse effects of TH in newborns with NE at 34 to 42 weeks' GA, in a French cohort (LyTONEPAL) identifying NE cases between 2015 and 2017. The second objective was to to discuss the results in the light of the literature on adverse events in TH.

Methods

Study design

This study was a retrospective analysis of data collected prospectively as part of a French national prospective observational cohort: LyTONEPAL (Long-Term Outcome of Neonatal EncePhALopathy) involving 68 of the 69 level 3 neonatal intensive care units (NICUs) in metropolitan and overseas France (17) [START_REF] Debillon | Risk factors for unfavorable outcome at discharge of newborns with hypoxic-ischemic encephalopathy in the era of hypothermia[END_REF]. The infants included were born at ≥34 weeks' GA, had presented early neurological distress with clinical signs of moderate to severe NE (Sarnat score II or III [START_REF] Sarnat | Neonatal encephalopathy following fetal distress. A clinical and electroencephalographic study[END_REF]) on standardized neurologic examination, with criteria for asphyxia, and had undergone TH for 72 hours within the first 6 hours of life

Group definition and primary outcome

The patients were compared according to perinatal characteristics and were divided into two GA subgroups: late-preterm group born at 34 to 36weeks' GA, and terme group born at 37 to 42 weeks' GA. Adverse events were collected prospectively from initiation of TH to 7 days of life.

Most adverse events were collected according to literature definitions. We analyzed inhospital deaths [START_REF] Chalak | Perinatal acidosis and hypoxic-ischemic encephalopathy in preterm infants of 33 to 35 weeks' gestation[END_REF]; passive TH during transport [START_REF] Lemyre | Initiation of passive cooling at referring centre is most predictive of achieving early therapeutic hypothermia in asphyxiated newborns[END_REF]; early TH release before 72 hours' administration (3); secondary infection with sepsis confirmed by positive blood culture beyond 72 hours of life [START_REF] Sabir | Unanswered questions regarding therapeutic hypothermia for neonates with neonatal encephalopathy[END_REF]; persistent pulmonary hypertension (PPHT) requiring nitric oxide [START_REF] Smit | Cooling neonates who do not fulfil the standard cooling criteria -short-and long-term outcomes[END_REF]; use of vasoactive drugs [START_REF] Gunn | Brain cooling for preterm infants[END_REF]; respiratory failure, defined as any use of ventilatory support (nasal cannula, nasal ventilation, tracheal ventilation) [START_REF] Walsh | Report of a pilot study of Cooling four preterm infants 32-35 weeks gestation with HIE[END_REF]; circulatory failure, defined as any clinical situation requiring bolus therapy or vasoactive drugs to maintain blood pressure [START_REF] Saw | Current Practice of Therapeutic Hypothermia for Mild Hypoxic Ischemic Encephalopathy[END_REF]; bradycardia, defined as a heart rate <80 beats per minute (7) (23); hypoglycemia, defined as blood glucose < 2.2 mmol/L (25) (26); insulin-treated carbohydrate intolerance [START_REF] Rao | Safety and Short-Term Outcomes of Therapeutic Hypothermia in Preterm Neonates 34-35 Weeks Gestational Age with Hypoxic-Ischemic Encephalopathy[END_REF]; hepatic dysfunction, defined as AST > 200 mmol/L or ALT > 100 mmol/L (4) (6); hyponatremia, defined as natremia < 135 mmol/L [START_REF] Gunn | Selective head cooling in newborn infants after perinatal asphyxia: a safety study[END_REF]; and hemostasis disorder such as prothrombin <60% (4), disseminated intravascular coagulation (or DIC) (1) or thrombocytopenia defined as platelet count < 150 G/L [START_REF] Eicher | Moderate hypothermia in neonatal encephalopathy: safety outcomes[END_REF].

Other variables

Adverse events other than abnormal fetal heart rate (AFHR) comprised cord compression or procidence, head retention, abruptio placenta, uterine rupture, cord rupture, Benckiser hemorrhage, placenta previa, feto-maternal hemorrhage, amniotic embolism, chorioamniotitis, shock, or severe maternal pathology. Biological characteristics at birth (pH and blood lactates) were collected, in the following order: on arterial cord blood if available, on venous cord blood if not, on arterial or venous blood elsewhere than on the cord at birth, or otherwise on blood test performed less than 1 hour after birth.

Early clinical neurological assessment was based on the Sarnat and Sarnat classification [START_REF] Sarnat | Neonatal encephalopathy following fetal distress. A clinical and electroencephalographic study[END_REF], grading NE according to severity (mild, moderate or severe) and on Thompson score, at NICU admission [START_REF] Thompson | The value of a scoring system for hypoxic ischaemic encephalopathy in predicting neurodevelopmental outcome[END_REF].

Statistical analysis

Univariate analyses were performed for the late-preterm and term subgroups. For categorical variables, percentage differences were compared using the χ² test. Medians were compared using the Mann-Whitney test. Continuous variables were compared using analysis of variance (ANOVA). The significance threshold was set at 5% (P<0.05). Statistical analyses used Jamovi software, version 2.3.21.0.

Ethical aspects

The LyTONEPAL study was approved by the Consultative Committee on Information France review board (July 18, 2014; IRB n°5891). Written consent from both parents was required for data collection. The database was anonymized from medical records on a secure online platform. A non-inclusion register was created for newborns whose parents refused inclusion, without parental consent, or deceased before transfer.

Results

In the LyTONEPAL cohort, 794 newborns were eligible for the study; 124 were excluded as not receiving TH. The study sample was thus composed of 670 newborns, divided into 2 subgroups: late-preterm (13.9%; n=93) and term newborns (86.1%; n=577) (Figure 1).

Figure 1. Flowchart

Table 1 presents maternal conditions and prenatal characteristics according to GA. There was a higher rate of sentinel adverse events other than abnormal fetal heart rate in late-preterm newborns (73.2%) than in term newborns (51.6%, P = 0.009). Preterm newborns were more likely to be born by C-section than term newborns (78% vs 61.1%, P<0.001). Maternal age was similar between the two GA subgroups (31 years respectively, P<0.001). Markers of perinatal anoxia (pH and lactates) were significantly more severe in premature than term newborns: pH at cord, 6.9 vs 7.0 (P=0.034); lactates, 13.4 mmol/L vs 11.9 mmol/L (P=0.017); alkaline deficit, 12.2 mmol/L vs 10.6 mmol/L (P=0.04).

NE severity on Sarnat score was comparable in the late-preterm and term groups (p= 0.058).

Moderate and severe NE concerned 54.4% and 37.4% of infants, respectively. Finally, there were no significant differences between the two groups in terms of adverse events at NICU admission. 

* any use of ventilatory support (nasal cannula, nasal ventilation, tracheal ventilation) ** non-invasive ventilation or conventional invasive ventilation or high-frequency oscillation ¡ any clinical situation requiring bolus therapy or vasoactive drugs to maintain blood pressure

Table 3 shows adverse events in newborns from 34to 42weeks' GA treated with TH.

Mortality was the same in the two groups (20%, P=0.994). There was a trend for more passive TH during transport in late-preterm newborns, but the trend was not significant (72.4% vs. 62.8%, P=0.082). Late-preterm newborns were more likely to have early TH release than term newborns (18.5% versus 9.1%, P=0.006). Rates of other adverse events, such as secondary infection with sepsis confirmed beyond 72 hours, PPHT, bradycardia, use of vasoactive amines, metabolic failure (including hepatic cytolysis, hyponatremia, hypoglycemia and carbohydrate intolerance), thrombocytopenia, coagulation disorder (prothrombin <60% or DIC) and blood product transfusion, were comparable between the late-preterm and term groups. 

Discussion

Our study showed no significant increase in the rate of adverse events in late-preterm compared to term newborns treated by TH. Likewise, mortality was similar between the two groups (20%). Only early TH release was significantly more frequent in preterm infants (P=0.006). The main adverse effect was vasoactive drug use, in 80% of the cohort, followed by hyponatremia (65%).

Concerning early rewarming, a study conducted by Rao et al. from 2007 to 2015 found that TH was more likely to be stopped before completion in preterm infants (19.4% in preterm group versus 0% in term group) [START_REF] Rao | Safety and Short-Term Outcomes of Therapeutic Hypothermia in Preterm Neonates 34-35 Weeks Gestational Age with Hypoxic-Ischemic Encephalopathy[END_REF]. This could be explained by the fact that TH in these patients is outside current recommendations, making neonatologists more cautious and therefore more likely to stop TH at the first adverse event.

Certain adverse effects were more frequent than others. 15) reported a 40% rate of vasoactive treatment in a cohort of preterms born at 36 weeks' GA. In the ICE and TOBY trials, the frequency of hypotension, defined by use of vasoactive drugs, was 77% and 46.4% respectively. The difference in vasoactive drug rate between these studies could be explained either by the longer interval of 7 days for considering adverse events or the 72-hour TH duration in Herrera's study [START_REF] Herrera | Outcomes of preterm infants treated with hypothermia for hypoxic-ischemic encephalopathy[END_REF]. Moreover, hypotension can be frequent during the rewarming phase [START_REF] Thoresen | Cardiovascular changes during mild therapeutic hypothermia and rewarming in infants with hypoxic-ischemic encephalopathy[END_REF]. Differences in the incidence of hypotension between studies could be explained by varying definitions of hypotension and different practices in different countries [START_REF] Beltempo | Variations in practices and outcomes of neonates with hypoxic ischemic encephalopathy treated with therapeutic hypothermia across tertiary NICUs in Canada[END_REF].

Hyponatremia was found in almost 70% of patients, and was reported in 90% of preterms by Rao et al. [START_REF] Rao | Safety and Short-Term Outcomes of Therapeutic Hypothermia in Preterm Neonates 34-35 Weeks Gestational Age with Hypoxic-Ischemic Encephalopathy[END_REF], using the same definition of ours. Hyponatremia is more often associated with asphyxia than with TH. It can be due to acute kidney injury (with water retention and decreased proximal tubular sodium reabsorption) and syndrome of inappropriate anti-diuretic hormone secretion [START_REF] Sweetman | Management of renal dysfunction following term perinatal hypoxia-ischaemia[END_REF].

Coagulation disorder is one of the most common complications in preterm infants. Defined as prothrombin rate <60%, it was found in more than 60% of patients in our study. Herrera and Rao et al. respectively found that 50% and 64.5% of late preterm newborns developed coagulation disorder. The coagulation cascade is strongly disrupted by hypothermia, prolonging mean prothrombin time [START_REF] Rohrer | Effect of hypothermia on the coagulation cascade[END_REF]. In addition, preterm newborns are at higher risk of coagulation disorder, as antithrombin and C protein concentrations are reduced in term newborns and even more in late-preterm newborns [START_REF] Veldman | Disseminated intravascular coagulation in term and preterm neonates[END_REF]. Furthermore, NE has specific effects on the coagulation cascade via multi-organ failure [START_REF] Iribarren | Neonatal multiple organ failure after perinatal asphyxia[END_REF]. Coagulopathy should be considered as a complex multifactorial phenomenon in preterm newborns undergoing TH.

PPHT was found in approximately 12% of premature or term newborns, and was less prevalent than in some studies [START_REF] Shankaran | Whole-body hypothermia for neonates with hypoxic-ischemic encephalopathy[END_REF]. These data are comparable with those from RCTs such as the Cool Cap (8) and TOBY [START_REF] Azzopardi | The TOBY Study. Whole body hypothermia for the treatment of perinatal asphyxial encephalopathy: a randomised controlled trial[END_REF] studies (11% and 10% respectively); prevalence was twice as high in Shankaran's study [START_REF] Shankaran | Whole-body hypothermia for neonates with hypoxic-ischemic encephalopathy[END_REF]. Both TH and NE are associated with increased pulmonary vascular resistance [START_REF] Lopriore | Persistent pulmonary hypertension in neonates with perinatal asphyxia and therapeutic hypothermia: a frequent and perilous combination[END_REF]. Late-preterm newborns are also at greater risk of PPHT [START_REF] Steurer | Persistent Pulmonary Hypertension of the Newborn in Late Preterm and Term Infants in California[END_REF], which makes ventilatory management of these patients more challenging.

The strengths of our study were the size of the sample and the originality of the study. To our knowledge, it is the first study to describe adverse events, especially in so many preterm infants (n=93).

One of the limitations of the study was missing data for some variables of interest. The missing data were probably equally distributed between the 2 groups, which would have little influence on the results.

Secondly, the interval of 7 days for recording adverse events during TH could be criticized.

We chose this interval to be sure to record all adverse events, including those relating to the rewarming, but this may have led to overestimation, especially for adverse events unrelated to TH.

Thirdly, it is also a challenge to understand the origin of adverse events in preterms. It is hard to know where to draw the line between complications linked to prematurity or to TH [START_REF] Laptook | Birth Asphyxia and Hypoxic-Ischemic Brain Injury in the Preterm Infant[END_REF]. It would be necessary to compare a late-preterm group undergoing TH versus a late-preterm group without TH. A randomized controlled trial by Faix et al. is currently underway to evaluate the safety and efficacy of 72 hours' whole-body TH in preterm infants of [START_REF] Rohrer | Effect of hypothermia on the coagulation cascade[END_REF][START_REF] Veldman | Disseminated intravascular coagulation in term and preterm neonates[END_REF][START_REF] Iribarren | Neonatal multiple organ failure after perinatal asphyxia[END_REF] weeks' GA who present moderate to severe NE within 6 hours of life [START_REF] Faix | Randomized Trial of Targeted Temperature Management with Whole Body Hypothermia for Moderate and Severe Encephalopathy in Premature Infants 33-35 Wks Gestation -A Bayesian Study (aka Preemie Hypothermia)[END_REF].

Fourthly, whereas most current guidelines recommend TH in newborns from 36 weeks' GA, we decided to include these infants in our "late-preterm" group. The rationale was that 1) there is no clear argument in RCTs for this GA limit for implementing TH, and 2) they come within the definition of late-preterm newborns, as they behave like preterm infants. In addition, allocation of to 3 GA subgroups (34-35 +6 / 36-36 +6 and 37-42 +6 ) for comparison of various TH adverse events did not result in any change in the significance of P-values.

Preliminary results from the RCT by Faix et al. [START_REF] Faix | Randomized Trial of Targeted Temperature Management with Whole Body Hypothermia for Moderate and Severe Encephalopathy in Premature Infants 33-35 Wks Gestation -A Bayesian Study (aka Preemie Hypothermia)[END_REF] showed that TH did not reduce the probability of death or moderate or severe disability at 18-22 months. Indeed, the authors underlined a possible increase in the risk of death in the TH group (20%, versus 13% in the control group). The only significantly different adverse event in the two groups was hypoglycemia (definition not specified), which was more frequent in the non-cooled group.

Further clinical trials are required to explore the safety and efficacy of TH in this population.

Finally, we did not include brain lesions detected on MRI in our analysis. It would have been interesting to see whether neuroimaging abnormalities were more frequent in preterm newborns and whether there was any difference in brain lesion location according to GA.

Conclusion

The present study found no differences in adverse events between late-preterm and term infants treated with TH. It will be useful for clinicians to map the adverse effects during and after TH in term and preterm infants. At this moment in time, researchers and clinicians are wondering whether to perform TH outside the criteria established by the major studies, particularly in late-preterm patients. Currently, there are no studies showing the efficacy of TH in late-preterm infants. Future research should focus on this population. 
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Table 1 .

 1 for the late-preterm group, 31.9 years Maternal conditions and prenatal characteristics

	Eligible newborns (cases included
	in LyTONEPAL) (N=794)

a AFHR: Abnormal Fetal Heart Rate Table

2

shows neonatal characteristics. Regarding birth characteristics, late-preterm newborns had a lower median birth-weight than term newborns

(2,500g versus 3,200g 

Table 2 .

 2 Neonatal characteristics and Neonatal Intensive Care Unit admission

	Late-preterm	Term

Table 3 .

 3 Characteristics of cooling and adverse events in newborns treated with TH

	Late-preterm	Term

Table 4

 4 presents the frequency of different side-effects in various RCTs and in the studies on late-preterm newborns, by Rao et al. and Herrera et al. Mortality in our study was comparable to randomized controlled trials such as that by Shankaran et al. (19%), the TOBY study (26%), Zhou et al. (20%), Jacobs et al. (20.9%) and the Preemie Hypothermia pilot study (21%), which has not yet been published. In some studies, the rate was lower: 8.1% for Simbruner et al. and 12.9% for Rao et al.; more commonly, it was above the 30% threshold for Eicher, Gluckman and Robertson et al.

	About 80% of the population was treated by vasoactive drugs. Hypotension during TH is a
	complex phenomenon, with many mechanisms involved: adrenal insufficiency, myocardial
	injury, or persistent pulmonary hypertension. In a retrospective cohort, 96% of hypotensive
	newborns (148/154) needed bolus saline therapy, and at least 48% (74/154) required
	dobutamine or another vasoactive drug (29). Herrera et al. (

Annexe 1 .

 1 Sarnat classification 

		Mild	Moderate	Severe
		(stage 1)	(stage 2)	(stage 3)
	Level of consciousness Hyperalert	Lethargic or	Stuporous
			obtunded	
	Posture	Mild distal	Strong distal	Intermittent
		flexion	flexion	decerebration
	Tonus	Normal	Mild hypotonia	Flaccid
	Osteotendinous	Overactive	Overactive	Decreased or absent
	reflexes			
	Segmental myoclonus Present	Present	Absent
	Archaics reflexes			
	Succion	Weak	Weak or absent	Absent
	Moro	Strong	Weak	Absent
	Grasping	Normal to strong	Strong	Absent
	Autonomic function			
	Pupils	Mydriasis	Miosis	Variable, poor light reflex
	Heart rate	Tachycardia	Bradycardia	Bradycardia
	Breathing	Regular	Variable frequency and	Irregular or apneic
			amplitude	
	Seizures	None	Common, focal	Uncommon
			or multifocal	(excluding
				decerebration)
	Electroencephalogram	Normal	Low voltage, periodic	Periodic or isopotential
	findings		and/or paroxysmal	
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Adverse effects during and after therapeutic hypothermia in newborns with neonatal encephalopathy at 34 to 42 weeks' gestational age.

T. Bouys

1 , T. Debillon, MD PhD Objective : The study objective was 1/ to compare the adverse events of TH between late preterm and term infants, and 2/ to discuss the results in the light of the literature on adverse events in TH Methods : This was a descriptive study using data prospectively collected from a French cohort (LyTONEPAL). All newborns with NE born between 34 and 42 weeks' GA between 2015 and 2017 and treated by TH were included. The primary endpoint was adverse events as described in the literature and available in the LyTONEPAL cohort.

Results : 670 infants were included, in 2 GA subgroups: late-preterm, from 34 to 36 weeks' GA (n = 93), and term, from 37 to 42 weeks' GA (n = 577). Preterm newborns did not show more adverse events than term newborns; only early TH release was more prevalent in this group (p = 0,006). In the cohort, the main adverse event was vasoactive drug use, in 80% of the cohort, followed by hyponatremia (65%).

Conclusion :

This study collated data about adverse events in TH, especially in preterm infants. Currently, no studies demonstrated the efficacy of hypothermia in preterm infants.

Future research should focus on late-preterm neonates.

Annexe 2. The study objective was 1/ to compare the adverse events of TH between late preterm and term infants, and 2/ to discuss the results in the light of the literature on adverse events in TH. Methods: This was a descriptive study using data prospectively collected from a French cohort (LyTONEPAL). All newborns with NE born between 34 and 42 weeks' GA between 2015 and 2017 and treated by TH were included. The primary endpoint was adverse events as described in the literature and available in the LyTONEPAL cohort. Results: 670 infants were included, in 2 GA subgroups: late-preterm, from 34 to 36 weeks' GA (n = 93), and term, from 37 to 42 weeks' GA (n = 577). Preterm newborns did not show more adverse events than term newborns; only early TH release was more prevalent in this group (p = 0,006). In the cohort, the main adverse event was vasoactive drug use, in 80% of the cohort, followed by hyponatremia (65%).