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-L'hypoxie et l'anémie : la consommation cérébrale en oxygène équivaut à 2.7L/h, une baisse de l'oxygénation par hypoxie ou anémie entraînerait elle aussi une altération du métabolisme cérébral.

-L'hyperthermie : le métabolisme cérébral résulte d'un équilibre entre les apports et sa consommation en énergie. Un cerveau cérébrolésé est donc vulnérable à toute variation de température car l'hyperthermie entraîne une augmentation du travail cérébral.

c. Prise en charge

La prise en charge de ces ACSOS est donc primordiale pour le maintien de la PPC dès la période pré-hospitalière. La ventilation mécanique est précoce dans les TC graves (Glasgow < 8) car elle prévient l'hypoxie et l'hypercapnie, de même que la prise en charge hémodynamique pour éviter les hypotensions responsables d'une baisse de la pression de perfusion cérébrale. (10) 

I. Introduction

Therapeutic hypothermia (TH) improves neurodevelopmental outcomes in infants with moderate to severe neonatal encephalopathy (NE). Based on large randomized controlled trials, several national guidelines have been published concerning the strict modalities of implementation of TH (targeted patients, duration). 1,2 However, to our knowledge, there are currently no trials or recommendations about optimal ventilation management in spontaneously breathing infants with grade 2 NE.

In NE, the primary cerebral aggression can lead, by several multifactorial mechanisms, to secondary cerebral lesions, with neurodevelopmental consequences. 3 Neuroprotective methods are therefore needed to maintain body homeostasis, as with the management of secondary brain injury of systemic origin (SBISO) in severe head trauma. SBISO includes arterial hypotension, hypoxemia, hypo/hypercapnia, hyponatremia, hypo/hyperglycemia, anemia and hyperthermia.

4,5,6

One focus for care for children with head trauma is mechanical ventilation (MV). Its advantages are 1) to control ventilation more precisely so as to avoid large variations in capnia, 2) to allow deeper sedation to limit the cerebral excitotoxic cascade 7 and to decrease stress, which can impair the effectiveness of TH 8 , and 3) to protect the airway in case of prolonged seizure.

However, MV may lead to adverse events such as discomfort and greater use of sedation, which can be toxic for the immature brain 9,10,[START_REF] De Graaf | Long-term effects of routine morphine infusion in mechanically ventilated neonates on children's functioning: Five-year follow-up of a randomized controlled trial[END_REF] and impairs parent-infant interaction and affects the parents' feelings. [START_REF] Mohd | Predictors of Stress Among Parents in Pediatric Intensive Care Unit: A Prospective Observational Study[END_REF][START_REF] Wintermark | Unanswered questions in neonates with NE[END_REF] By analogy, the hypothesis of our study was that MV enables better control of SBISO than spontaneous ventilation (SV) in infants with moderate NE treated by TH.

The objective of the study was to compare onset of SBISO in infants with moderate NE treated by TH, according to mechanical versus spontaneous ventilation in the first 72 hours of life.

II. Methods

Study population

For 

Definition of ventilation, SBISO and sedation

Infants were classified in the MV versus SV groups according to conventional or high-frequency oscillation ventilation versus non-invasive ventilation or room air at 24h of life.

Our primary endpoints were each SBISO identified at least once between 12h and 72h of life.

SBISO was defined according to the literature: hypocapnia with PCO2 <35 mmHg [START_REF] Pappas | Hypocarbia and Adverse Outcome in Neonatal Hypoxic-Ischemic Encephalopathy[END_REF] ; hypercapnia with PCO2 >50 mmHg [START_REF] El-Dib | Challenges in respiratory management during therapeutic hypothermia for neonatal encephalopathy[END_REF] ; hypoglycemia with blood glucose <2.2 mmol/l; hyperglycemia with blood glucose >8.3 mmol/l 17 or need of insulin treatment; hypotension with mean arterial pressure<GA [START_REF]Development of audit measures and guidelines for good practice in the management of neonatal respiratory distress syndrome. Report of a Joint Working Group of the British Association of Perinatal Medicine and the Research Unit of the Royal College of Physicians[END_REF] or need for amine vasopressive/fluid bolus therapy; anemia with hemoglobin <10 g/l 1,19 or need for transfusion; and/or hyponatremia with natremia <130 mmol/l 20 . As sedation could be a confounding factor not dissociable from MV or TH, we studied sedation at 24h of life and type of medication (analgesic, sedative, or both) as a secondary endpoint.

Phenobarbital as a treatment for seizure was not considered as hypnotic treatment.

Statistics

For qualitative variables, percentage differences were compared with χ² (chi-square) test or Fisher exact test if the expected number of patients was <5. For quantitative variables, the Student t test was used if distribution was normal, or else Mann-Whitney test. Endpoints without information at the 3 measurement time points (12-24h, 48h and 72h) were considered as missing data. Rates of SBISO according to ventilation mode were compared on univariate analysis.

Ethics

The 

III. Results

From September 2015 to March 2017, 337 of the 794 infants were included and 457 (57.5%) excluded: 383 with NE grade 1, 3 or unknown, 46 without TH, and 28 with an unknown ventilation status at 24h of life (Figure 1). The MV and SV groups comprised 173 (51.3%) and 164 infants (48.7%) respectively. (2.5%) non-invasive ventilation. Distribution of ventilation mode according to the 51 centers is presented in Figure 2 and showed significant differences (p<0.001).

At admission to neonatal intensive care unit, all perinatal characteristics, birth circumstances and ventilatory modes were similar between MV and SV groups (Table 1). In contrast, during TH, pulmonary hypertension was more frequent in the MV group (n=16, 10.8% versus n=5, 3.1% in the SV group, p=0.006), as was myocardial injury (n=30, 17.9% in the MV group and n=15, 9.3% in SV group) (Supplementable Table 1).

Concerning SBISO, there was a lower proportion of infants with hypotension in the SV group: 50% (n=31/62) versus 68.8% (55/80) in the MV group, p=0.023. There were no other significant differences in other SBISO criteria (Table 2). There was no difference in rate of sedation between the 2 groups: 91.9% of infants sedated in the MV group versus 86.5% in the SV group.

Only use of hypnotics differed: higher (10.1%) in the MV group, versus 2.1% in the SV group (p=0.012). Use of morphine alone or combination of the 2 molecules was comparable. All infants with hypotension during the 72h after birth received sedation.

IV. Discussion

In the present French cohort, 50% of infants with moderate NE treated by TH were intubated.

MV rate varied between centers. In this population, MV did not provide better control of SBISO during TH in infants with grade 2 NE. There was even a higher frequency of hypotension in the MV group. Almost 90% of infants with moderate NE and TH were under sedative or analgesic drugs, or both. Hypnotics were more frequently administered in the MV than the SV group.

The proportion of ventilated infants under TH varies in the literature but is quite consistent with the present rate of 50%. The Vermont Oxford Neonatal Encephalopathy Registry reported 65% ventilation in infants with moderate to severe encephalopathy; Lopez Laporte reported 70% in 2017. [START_REF] Lopez Laporte | Association between hypocapnia and ventilation during the first days of life and brain injury in asphyxiated newborns treated with hypothermia[END_REF][START_REF] Pfister | The Vermont oxford neonatal encephalopathy registry: rationale, methods, and initial results[END_REF] A 2017 United Kingdom practice survey reported that only 2 out of 48 sites (i.e., 4,1%) used MV on infants with moderate NE under TH. [START_REF] Oliveira | Therapeutic hypothermia in mild neonatal encephalopathy: a national survey of practice in the UK[END_REF] Although modalities for performing TH (duration, target temperature, etc.) are known and applied in different countries, there are currently no guidelines on the ventilatory support or sedation to be used, particularly in moderate NE.

Hypotension was present in more than half the study population. This may be due to greater use of hypnotics, with their side effects [START_REF] Donato | Pharmacology of Common Analgesic and Sedative Drugs Used in the Neonatal Intensive Care Unit[END_REF] , or higher frequency of myocardial failure and pulmonary hypertension in the MV group. It is known that hypotension is the most unfavorable prognostic factor, along with hypoxia, in children with traumatic brain injury and must be controlled to limit secondary brain injury. [START_REF] Pigula | The effect of hypotension and hypoxia on children with severe head injuries[END_REF][START_REF] Yao | Associations of initial haemodynamic profiles and neurological outcomes in children with traumatic brain injury: a secondary analysis[END_REF] There was a significant amount of missing data concerning blood pressure, making our results less robust. To recover some of the missing information, we were able to use other data (fluid bolus and amine use). It should be noted that 100% of infants with hypotension were sedated, which prevented more precise analysis.

There was no significant difference in hypercapnia between the 2 groups. In a retrospective study of 198 infants, the authors found that invasive ventilation was associated with a lower pCO2 level in infants under TH 21 ; however, the 2 groups were not comparable in terms of severity, with more severe NE, more severe brain injury and more deaths in the intubated group.

Hypocapnia is in fact often due to compensatory effects of initial metabolic acidosis [START_REF] Laffey | Hypocapnia[END_REF] and reduced metabolic rate by hypothermia, which leads to a decrease in CO2 production. [START_REF] Szakmar | Respiratory management during therapeutic hypothermia for hypoxic-ischemic encephalopathy[END_REF] Regarding sedation, 11.3% of our cohort received none. By analogy with head trauma, infants under TH should be relatively sedated, to limit secondary brain injury by reduced cerebral metabolic rate and adverse physiologic responses such as stress, which can decrease the effectiveness of TH. 8,[START_REF] Mcpherson | Management of comfort and sedation in neonates with neonatal encephalopathy treated with therapeutic hypothermia[END_REF] Moreover, neonatal comfort is now considered to be an important aspect of neonatal practice, and sedation must be adequate and sufficient. [START_REF] Nakhleh-Philippe | Adequacy of sedation analgesia to support the comfort of neonates undergoing therapeutic hypothermia and its impact on short-term neonatal outcomes[END_REF] On the other hand, sedation can lead to adverse effects. Thus, for an infant with NE, with initial cerebral injury and incomplete cerebral myelination, the effects of prolonged sedation on cerebral development are of primary importance. [START_REF] Sie | MRI Assessment of Myelination of Motor and Sensory Pathways in the Brain of Preterm and Term-Born Infants[END_REF] In addition, all sedated infants in our cohort had hypotension, which is known to be one of the poor prognostic factors in head trauma, and should therefore be considered in sedation management too. Thus, although this was not our primary objective, this result raises the question of sedation of infants under TH, to find a balance between adequate sedation and the potential adverse effects. Currently there are no guidelines for adequate sedation in infants under TH. A systematic review was conducted by Bäcke et al. in 2022, but the authors were unable to reach any conclusion, due to the heterogeneity of the studies and lack of randomized controlled studies. [START_REF] Bäcke | Interventions for the Management of Pain and Sedation in Newborns Undergoing Therapeutic Hypothermia for Hypoxic-Ischemic Encephalopathy: A Systematic Review[END_REF] Several studies addressed comfort and sedation of infants under TH, proposing different treatments (morphine, dexmedetomidine), bearing in mind the effect of TH on clearance of these potentially toxic molecules, but without consensus. [START_REF] Favié | Pharmacokinetics of morphine in encephalopathic neonates treated with therapeutic hypothermia. Leggas M[END_REF][START_REF] Frymoyer | Decreased Morphine Clearance in Neonates With Hypoxic Ischemic Encephalopathy Receiving Hypothermia: The Journal of Clinical Pharmacology / Vol XX No X 2016[END_REF][START_REF] O'mara | Dexmedetomidine for Sedation of Neonates with HIE Undergoing Therapeutic Hypothermia: A Single-Center Experience[END_REF] There were some limitations to the present study. There were some missing data on SBISO, making it difficult to use a score and cross-reference relevant data. Moreover, we did not have more precise data concerning the other drugs used, such as paracetamol and nalbuphine, or concerning dose or pain scales.

This study also has some strengths. The data were from a prospective national population-based cohort. To our knowledge this was the first national-level French study to evaluate SBISO and MV in the context of NE with TH, by analogy with pediatric head trauma.

Finally, this preliminary study highlights the need for further controlled studies on ventilation support and the environment surrounding TH, to limit injury and discomfort in these vulnerable infants.

V. Conclusion

In this study, MV did not seem to improve the management of SBISO during the first 72h of life in infants with moderate NE and TH. There was variation between French intensive care units concerning the rate of MV in these infants. Although indications for initiation of TH are now well defined, more studies on modes of ventilation mode and sedation in TH are needed to enhance the comfort and neurodevelopment of these infants and to guide neonatology practices.
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 123 Figure 1. Les principales phases de l'encéphalopathie hypoxique-ischémique. E. Saliba et al, Hypothermia for hypoxic-ischemic encephalopathy in full-term newborns, Archive de Pédiatrie 2010, page S68
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 22 Figure 2. Critères nécessaires à la mise en en place d'une hypothermie thérapeutique. E. Saliba et al, Hypothermia for hypoxic-ischemic encephalopathy in fullterm newborns, Archive de Pédiatrie 2010, page S68
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 3 Figure 3. Physiopathologie des traumatismes crâniens [Source : https://fr.slideshare.net/ellhela/agressions-cerebrales-secondaires-doriginesystemique-acsos, consultée le 05/07/2023]
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 1 Figure 1. Flowchart of the study

  

  this study, all infants ≥34 weeks of gestational age (GA) with moderate NE (Sarnat 2), treated by TH and included in the French LyTONEPAL (Long-Term Outcome of Neonatal EncePhALopathy) cohort were studied. Infants with severe (Sarnat 3) or unknown NE grade, who did not receive TH, or with unknown ventilatory status at 24h of life were excluded.LyTONEPAL is a French national population-based cohort of all patients in neonatal intensive care unit for moderate to severe NE from September 2015 to March 2017. The protocol, with inclusion criteria, data collection and follow-up, was published elsewhere.[START_REF] Lytonepal | LyTONEPAL: long term outcome of neonatal hypoxic encephalopathy in the era of neuroprotective treatment with hypothermia: a French population-based cohort[END_REF] 

  LyTONEPAL study was approved by the Advisory Committee on Information Processing in Health Research (November 20, 2014; n° 14,724), and by the National Commission for Data Protection and Liberties (March 27, 2015; DR-2015-136) and the South-East region institutional review board (July 18, 2014; IRB n°5891).

2 . Table 1 .

 .1 Population Characteristics

	3.			
		Spontaneous	Mechanical ventilation	p
		ventilation	N=173	
		N=164	n (%)	
		n (%)		
		med (IQR)	med (IQR)	
	Maternal and pregnancy characteristics			
	Maternal age, years, n=335	31	32	0.095
	Parity, n=336	1 (0; 2)	1 (0; 1.25)	0.944
	Gestational diabetes mellitus, n=334	18 (11.2)	24 (13.9)	0.458
	Maternal hypertension, n=333	8 (5)	9 (5.2)	0.458
	C-section, n=334	99 (61.5)	105 (61.4)	0.494
	At least one sentinel event of perinatal asphyxia,	97 (59.5)	110 (63.6%)	0.443
	n=336			
	Circumstances of birth			
	Birth weight, g, n=335	3143 (2779-3500)	3090 (2740-3505)	0.649
	Abnormal fetal heart rate abnormality, n=333	127 (78.9)	149 (86.6)	0.061
	Out born, n= 337	123 (75)	123 (71.1)	0.420
	Gestational age, weeks, n=337	39 (8; 40)	39 (37; 40)	0.785
	Head circumference, cm, n=285	34.1	33.9	0.441
	Male, n=337	84 (51.2)	97 (56.1)	0.372
	Apgar score			
	At 5 minutes, n=314	4 (3; 6)	5 (3; 6)	0.058
	At 10 minutes, n=284	6 (4; 7)	6 (4; 8)	0.076
	Cord or arterial pH, n=302	6.96 (6.84-7.08)	6.95 (6.81-7.09)	0.931
	Cord or admission lactates, mmol/L, n=289	12.1	11.6	0.394
	Admission to neonatal intensive care unit			
	Thompson score, n=172	10 (7.75-11.3)	10 (7-13)	0.259
	Base deficit, mmol/L, n=275	9.10 (6-13.4)	8.75 (6-14.3)	0.912
	Seizure on admission on EEG or aEEG, n=236	9 (6.7)	7 (6.9)	0.936
		None	Conventional	
		160 (97.5)	ventilation	
	Distribution of ventilatory mode, n=337	Noninvasive	165 (95.3)	
		ventilation	HFO	
		4 (2.5)	8 (4.7)	
	Abbreviations: EEG, electroencephalogram, aEEG = amplitude-integrated EEG, HFO = high-	
	frequency oscillation			
	p-value obtained by the chi-2 test or Fisher's exact test for categorical variables or the t-student	
	or Mann Whitney test for quantitative variables			

Table 2 .

 2 Secondary Brain Injury of Systemic Origin and sedation administration during 72H of life according to groups of ventilation

		Spontaneous ventilation (N=164)	Mechanical ventilation (N=173)	p
		n	%	n	%	
	SBISO					
	Hypocapnia, n=321	66	43.1	78	46.4	0.554
	Hypercapnia, n=321	42	27.5	61	36.3	0.089
	Hypoglycemia, n=322	12	8	12	7	0.727
	Hyperglycemia, n=275	39	27.9	52	38.5	0.060
	Anemia, n=299	26	18.1	24	15.5	0.552
	Hyponatremia, n=324	36	22.9	42	25.1	0.640
	Hypotension, n=142	31	50	55	68.8	0.023
	Analgosedation					
	Overall cohort, n=337					
	Sedation at 24H of life,	141	86.5	158	91.9	0.114
	n=335					
	Sedated newborns, n=299					0.012
	Morphine alone, n=298	48	34	42	26.6	
	Hypnotics alone, n=297	3	2.1	16	10.1	
	Both, n=299	90	63.8	100	63.3	
	p-value obtained by the chi-2 test or Fisher's exact test			
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VENTILATORY STATUS AND SECONDARY BRAIN INJURIES OF SYSTEMIC ORIGIN IN INFANTS WITH MODERATE NEONATAL ENCEPHALOPATHY TREATED BY HYPOTHERMIA

Abstract

We evaluated the association between mechanical ventilation (MV) and secondary brain injury of systemic origin (SBISO) in infants with moderate neonatal encephalopathy (NE) under therapeutic hypothermia (TH) in the first 72 hours of life. MV was not associated with SBISO.

Hypotension was greater in the MV group, which had greater use of sedatives. 
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