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Conclusion.

Cette étude met en évidence deux approches thérapeutiques différentes utilisées dans deux unités de réanimation du sud de la France, ainsi que le devenir neurologique qui leur est associé.

Mots-clés :

Accident ischémique cérébral -Malin -Accident vasculaire cérébral sylvien -OEdème cérébral -Craniectomie décompressive -Réanimation -Sédation -Neuroprotection-Pression intracrânienne -Pronostic neurologique ABSTRACT Background and purpose. Malignant strokes represent about 10% of anterior circulation ischemic strokes, and are characterized by major edema resulting in brain herniation and eventually death. Generally accepted initial management strategy comprises decompressive hemicraniectomy. However, post-operative management in intensive care unit is prone to heterogeneity between centers, with limited data informing on specific practices in these patients and related functional outcome.

Methods. This retrospective observational study relates to adult patients admitted in two intensive care units from French university hospitals after decompressive hemicraniectomy performed in the course of malignant stroke management. We recorded therapeutic targets and treatments applied as well as complications before and during the stay in the intensive care unit, the length of stay, and neurological functional outcome at 6 months from patients hospitalized in each center.

Results. The study included 118 patients, 75 of them having been admitted in Montpellier and 43 in Nice intensive care units. Mean arterial blood pressure, natremia and PaCO2

were similarly controlled, with comparable administration of hyperosmolar therapy.

Administration of barbiturates, dexmedetomidine, and levepromazine did not differ between centers. In Montpellier, sedation lasted longer, active cooling was most frequently used, and corticosteroids more often administered. In Nice, patients were more frequently monitored with an intracranial pressure sensor, presented more often epileptic seizures, and length of stay in the intensive care unit was shorter. Favorable long-term neurological functional outcome (mRS ≤ 3) was comparable in the two centers. However,

INTRODUCTION

Acute ischemic stroke management strategies rely on early recanalization [START_REF] Lees | Time to treatment with intravenous alteplase and outcome in stroke: an updated pooled analysis of ECASS, ATLANTIS[END_REF][START_REF] Berkhemer | A randomized trial of intraarterial treatment for acute ischemic stroke[END_REF][START_REF] Powers | Guidelines for the Early Management of Patients With Acute Ischemic Stroke: A Guideline for Healthcare Professionals From the American Heart Association/American Stroke Association[END_REF], in order to restore vascularization of the penumbra, thus limiting the infarct and associated edema volumes [START_REF] Irvine | Reperfusion after ischemic stroke is associated with reduced brain edema[END_REF]). When recanalization is either not an option or proves unsuccessful, large ischemic lesion may form and lead to considerable edema and eventually to malignant stroke.

Malignant stroke represents about 10% of anterior circulation ischemic strokes [START_REF] Arch | Malignant Cerebral Edema After Large Anterior Circulation Infarction: A Review[END_REF][START_REF] Rahme | How Often Are Patients With Ischemic Stroke Eligible for Decompressive Hemicraniectomy?[END_REF], and follows acute subtotal or complete middle cerebral artery territory infarction [START_REF] Hacke | Malignant" Middle Cerebral Artery Territory Infarction: Clinical Course and Prognostic Signs[END_REF]. The resulting edema tends to induce brain herniation 2 to 5 days after stroke onset, ending with decease in 80% of cases without specific surgical treatment [START_REF] Ng | Massive Cerebral Infarction with Severe Brain Swelling: A CLINICOPATHOLOGICAL STUDY[END_REF][START_REF] Arch | Malignant Cerebral Edema After Large Anterior Circulation Infarction: A Review[END_REF][START_REF] Rahme | How Often Are Patients With Ischemic Stroke Eligible for Decompressive Hemicraniectomy?[END_REF][START_REF] Heiss | Malignant MCA Infarction: Pathophysiology and Imaging for Early Diagnosis and Management Decisions[END_REF][START_REF] Treadwell | Malignant middle cerebral artery (MCA) infarction: pathophysiology, diagnosis and management[END_REF][START_REF] Liebeskind | Cerebral Edema Associated With Large Hemispheric Infarction: Implications for Diagnosis and Treatment[END_REF][START_REF] Stokum | Molecular pathophysiology of cerebral edema[END_REF]).

As a consequence, the objective of malignant stroke management is primarily to prevent compression of healthy contralateral and brainstem structures by the swollen injured brain tissue [START_REF] Ng | Massive Cerebral Infarction with Severe Brain Swelling: A CLINICOPATHOLOGICAL STUDY[END_REF]). Hence, controlling intracranial pressure (ICP) by performing decompressive hemicraniectomy (DHC) has been explored since the 1980's [START_REF] Young | Surgical decompression after cerebral hemispheric stroke: indications and patient selection[END_REF][START_REF] Schwab | Early Hemicraniectomy in Patients With Complete Middle Cerebral Artery Infarction[END_REF] until it gave such evidence of clinical outcome improvement that it became a standard of care in the course of the last decade [START_REF] Li | Neurologic Functional Outcomes of Decompressive Hemicraniectomy Versus Conventional Treatment for Malignant Middle Cerebral Artery Infarction: A Systematic Review and Meta-Analysis[END_REF]). The surgical procedure comprises bone removal, of about 12cm in diameter, and dura incision [START_REF] Wagner | Suboptimum hemicraniectomy as a cause of additional cerebral lesions in patients with malignant infarction of the middle cerebral artery[END_REF]) that largely improves brain perfusion by allowing extracranial expansion of the damaged brain tissue [START_REF] Slotty | The influence of decompressive craniectomy for major stroke on early cerebral perfusion[END_REF].

If DHC indication is no longer a matter of debate, at least in young patients, postoperative management in intensive care unit (ICU) benefits from no strong specific guideline [START_REF] Torbey | Evidence-Based Guidelines for the Management of Large Hemispheric Infarction: A Statement for Health Care Professionals from the Neurocritical Care Society and the German Society for Neuro-Intensive Care and Emergency Medicine[END_REF], and practice may be very heterogeneous across centers.

Certainly, optimization of cerebral perfusion pressure (CPP), defined as the difference between mean arterial blood pressure (MAP) and ICP, for providing optimal cerebral blood flow (CBF) is a shared objective [START_REF] Bratton | VIII. Intracranial Pressure Thresholds[END_REF][START_REF] Sadoughi | Measurement and Management of Increased Intracranial Pressure[END_REF]. However, monitoring approaches may vary and result in different therapeutic strategies (Hernandez-Duran 2021, [START_REF] Paldor | Intracranial pressure monitoring following decompressive hemicraniectomy for malignant cerebral infarction[END_REF].

In order to control ICP, treatments target brain parenchyma, cerebral blood, and/or cerebrospinal fluid volumes (Nordstrom 2005[START_REF] Sadoughi | Measurement and Management of Increased Intracranial Pressure[END_REF]). For instance, hyperosmolar therapy is a common way of limiting intracellular brain edema [START_REF] Sadoughi | Measurement and Management of Increased Intracranial Pressure[END_REF][START_REF] Torbey | Evidence-Based Guidelines for the Management of Large Hemispheric Infarction: A Statement for Health Care Professionals from the Neurocritical Care Society and the German Society for Neuro-Intensive Care and Emergency Medicine[END_REF]. Additionally, sedation, with or without barbiturates, is used to reduce both normal and abnormal neuronal activity, including seizures that frequently accompany DHC, restricting further neuronal and also cerebral blood volumes [START_REF] Sadoughi | Measurement and Management of Increased Intracranial Pressure[END_REF][START_REF] Torbey | Evidence-Based Guidelines for the Management of Large Hemispheric Infarction: A Statement for Health Care Professionals from the Neurocritical Care Society and the German Society for Neuro-Intensive Care and Emergency Medicine[END_REF][START_REF] Brondani | High Risk of Seizures and Epilepsy after Decompressive Hemicraniectomy for Malignant Middle Cerebral Artery Stroke[END_REF]. No clear data is to date available on the potential adverse effects of late weaning from mechanical ventilation coming with prolonged sedation in DHC patients [START_REF] Augustes | Meta-Analysis of Randomised Controlled Trials on Daily Sedation Interruption for Critically Ill Adult Patients[END_REF], or alternatively, on the potential protective effect of a more stable neurological state with no ICP surge (AVERT Trial Collaboration Group 2015). Hypothermia appears as a supplemental approach to maintain brain activity at a minimum, even though data from the recent medical literature does not suggest favorable benefit/risk balance [START_REF] Sadoughi | Measurement and Management of Increased Intracranial Pressure[END_REF][START_REF] Torbey | Evidence-Based Guidelines for the Management of Large Hemispheric Infarction: A Statement for Health Care Professionals from the Neurocritical Care Society and the German Society for Neuro-Intensive Care and Emergency Medicine[END_REF], Neugebauer 2019a[START_REF] Engrand | Hypothermia after decompressive hemicraniectomy in treatment of malignant middle cerebral artery stroke: comment on the randomized clinical trial[END_REF], Neugebauer 2019b[START_REF] Kuczynski | Therapeutic Hypothermia in Patients with Malignant Ischemic Stroke and Hemicraniectomy-A Systematic Review and Meta-analysis[END_REF]. Tentative treatment of vasogenic and inflammatory edema notably comprises administration of corticosteroids, but here again, parse clinical evidence do not point towards efficacy nor safety [START_REF] Sadoughi | Measurement and Management of Increased Intracranial Pressure[END_REF][START_REF] Torbey | Evidence-Based Guidelines for the Management of Large Hemispheric Infarction: A Statement for Health Care Professionals from the Neurocritical Care Society and the German Society for Neuro-Intensive Care and Emergency Medicine[END_REF][START_REF] Powers | Guidelines for the Early Management of Patients With Acute Ischemic Stroke: A Guideline for Healthcare Professionals From the American Heart Association/American Stroke Association[END_REF]. More convincingly, limitation of cerebral blood volume through optimization of, first, partial pressure of carbon dioxide (PaCO2), for example via mechanical ventilation [START_REF] Stocchetti | Hyperventilation in Head Injury[END_REF][START_REF] Torbey | Evidence-Based Guidelines for the Management of Large Hemispheric Infarction: A Statement for Health Care Professionals from the Neurocritical Care Society and the German Society for Neuro-Intensive Care and Emergency Medicine[END_REF][START_REF] Zhang | Hyperventilation in neurological patients: from physiology to outcome evidence[END_REF], and second, of venous drainage via body positioning [START_REF] Feldman | Effect of head elevation on intracranial pressure, cerebral perfusion pressure, and cerebral blood flow in headinjured patients[END_REF][START_REF] Torbey | Evidence-Based Guidelines for the Management of Large Hemispheric Infarction: A Statement for Health Care Professionals from the Neurocritical Care Society and the German Society for Neuro-Intensive Care and Emergency Medicine[END_REF], is an efficient way of controlling ICP. External ventricular drainage, accomplishing reduction of CSF volume, may on the contrary remain anecdotal [START_REF] Powers | Guidelines for the Early Management of Patients With Acute Ischemic Stroke: A Guideline for Healthcare Professionals From the American Heart Association/American Stroke Association[END_REF].

This rapid overview of therapeutic options draws a relatively vast panel of management strategies for DHC patients, with only little perspective on clinical practices and subsequent impact on functional outcome. The aim of this study is therefore to describe 1) the post-operative management of patients affected with malignant stroke, treated with DHC, during the course of their stay in the ICU, and 2) their functional neurological outcome at 6 months, using the modified Rankin scale. This retrospective work has been conducted in two French university hospitals, in a 10-years cohort.

MATERIAL AND METHODS

This bicentric retrospective observational study relates to patients admitted between 2010 and 2019 in the ICU of French university hospitals of Montpellier and Nice cities.

Screening of tissue bank databases of these hospitals allowed extraction of the following inclusion criteria:

-decompressive hemicraniectomy, -anterior circulation malignant infarction, -age > 18 years-old.

Non inclusion criteria were :

-vulnerable patient populations (legal vulnerability, prisoner), -absence of French healthcare insurance.

Data were collected from medical files.

We extracted demographics (age, sex), medical history (comorbidities) and the habitus (tobacco or alcohol consumption). Collected stroke characteristics included:

-clinical record (NIHSS [START_REF] Brott | Measurements of Acute Cerebral Infarction: A Clinical Examination Scale[END_REF], Glasgow coma scale, pupillary abnormality), -radiological data, including clot location, infarction metrics and intracranial complications; infarction volume V was measured as V = A x H where AN is the infarct area in mm 2 manually segmented on magnetic resonance imaging (MRI) or computed tomography (CT) scan section N and H is the section thickness (5mm in MRI scans, 4mm in CT scans), -pathogenesis, categorized as « dissection », « cardioembolic », « atherosclerotic », or « others » in other cases or when no specific exploration was undertaken or no mechanism was identified, -hemorrhagic transformation prior to DHC, assessed on CT scan.

Patients management prior to admission in the ICU was evaluated through measurement of:

-time from stroke onset to first medical contact, time from stroke onset to revascularization attempt, modality of revascularization attempt (intravenous thrombolysis, endovascular treatment), mTICI score when appropriate [START_REF] Higashida | Trial Design and Reporting Standards for Intra-Arterial Cerebral Thrombolysis for Acute Ischemic Stroke[END_REF], -surface of craniectomy, from 3D CT scan skull reconstruction [START_REF] Tanrikulu | The bigger, the better? About the size of decompressive hemicraniectomies[END_REF].

-
During the first five days as well as at the tenth and fifteenth days of stay in the ICU after DHC, were collected the following data:

-use of invasive intracranial monitoring (intracranial ICP or PtiO2 sensor),

-biological record (pH, PaCO2, natremia), -administration of sedative drugs (pharmacological agent, posology, total sedation duration) with discontinuation of sedation defined as definitive cessation of all hypnotic and morphinic drugs administration, -neuroprotective modalities (administration of barbiturates, active cooling for a target temperature less than or equal to 36°C), -administration of antiepileptic drug (levetiracetam, lamotrigine), -ventilation modality, weaning from mechanical ventilation being defined as extubation.

Tracheotomized patients were not considered as weaned patients if they required mechanical ventilation.

-hemodynamics records (arterial blood pressure, administration of norepinephrine), -administration of antithrombotic agent.

Complications associated with malignant stroke or DHC [START_REF] Kurland | Complications Associated with Decompressive Craniectomy: A Systematic Review[END_REF] were also collected:

-refractory elevated ICP, defined as persistent elevated ICP above 20mmHg, or the association of clinical signs of elevated ICP associated with a transcranial doppler profile of high resistivity, despite optimal medical treatment, -refractory external brain herniation, in spite of optimal medical treatment, -hemorrhagic transformation, confirmed on CT scan by a radiologist, -occurrence of epileptic seizure, -neurological infection, defined by clinical signs associated with microbiological evidence, -wound healing disorder, defined by clinical signs, whether or not treatment required surgery.

Non-specific complications were collected as well:

-severe bleeding, defined by the requirement of transfusion, or by severe neurological deterioration related to intracranial bleeding, -thrombotic event, defined as clinical sign associated with either ultrasound or CT evidence,

-death, and the cause of death.

Long-term functional neurological outcome was measured with the modified Rankin scale (mRS) systematically evaluated at 6 months [START_REF] Rankin | Cerebral Vascular Accidents in Patients over the Age of 60: II. Prognosis[END_REF].

Statistical tests were performed using R version 4.0.2. All variables studied were primarily selected by their clinical meaning and their significance in the prior literature. Complications during the stay in the ICUs are presented in When categorizing patients according to their functional outcome ( (201.71 ± 118.05 versus 234.92 ± 118.26, p=0.2303), but patients with largest infarct volumes seemed to have poor outcome (Supplementary Figure 1). 

DISCUSSION

From this large bicentric retrospective study, we are able to describe bundles of care after DHC in two French ICUs. We also report functional outcome at 6 months in « real life situation », as opposed to over-selected patients recruited in randomized controlled trials.

Although variations in the management strategies over the 10 years spanning period of inclusion time are a concern, we detected no obvious confounding factor when measuring infarct volume, mechanical thrombectomy attempt, number of craniectomy, or ICU length of stay as a function of the inclusion time (Supplementary Figure 2).

Evidently, the retrospective nature of the study may integrate some information bias.

Nevertheless, we can draw management strategies:

1) common to the two centers, with a strict control of arterial blood pressure, natremia and PaCO2,

2) more specific to Montpellier ICU, where sedation is prolonged, hypothermia more frequently applied, and corticosteroids more often administered,

3) more specific to Nice ICU, where invasive ICP monitoring is usual, sedation and mechanical ventilation last shorter amounts of time.

While the first strategy here is associated with longer lengths of stay in the ICU, the latter might come with an increased risk of epileptic seizure, a frequent complication of malignant stroke [START_REF] Creutzfeldt | Seizures after decompressive hemicraniectomy for ischaemic stroke[END_REF][START_REF] Brondani | High Risk of Seizures and Epilepsy after Decompressive Hemicraniectomy for Malignant Middle Cerebral Artery Stroke[END_REF].

We also contribute to the epidemiological description of functional neurological outcome in DHC patients. In this study, functional outcome at 6 months is poor, when using the usual dichotomy of mRS ≥ 4. We point out that this categorization is subject to debate, given that, first, retrospective decision of craniectomy is often validated by patients themselves regardless of this score, and second, quality of life continues to improve for years after stroke [START_REF] Stephen | Outcome Following Decompressive Hemicraniectomy for Malignant Cerebral Infarction[END_REF][START_REF] Geurts | Surgical Decompression for Space-Occupying Cerebral Infarction[END_REF]. Nevertheless, the outcome reported here is comparable to those available from either retrospective studies or clinical trials [START_REF] Moody | Decompressive Hemicraniectomy for Acute Ischemic Stroke in the US: Characteristics and Outcomes[END_REF][START_REF] Hamamoto Filho | Long-term follow-up of patients undergoing decompressive hemicraniectomy for malignant stroke: Quality of life and caregiver's burden in a real-world setting[END_REF], Neugebauer 2019[START_REF] Pandhi | Hemicraniectomy for Malignant Middle Cerebral Artery Syndrome: A Review of Functional Outcomes in Two High-Volume Stroke Centers[END_REF][START_REF] Kamran | Decompressive Hemicraniectomy for Malignant Middle Cerebral Artery Stroke: South Asian Experience[END_REF][START_REF] Li | Neurologic Functional Outcomes of Decompressive Hemicraniectomy Versus Conventional Treatment for Malignant Middle Cerebral Artery Infarction: A Systematic Review and Meta-Analysis[END_REF][START_REF] Hofmeijer | Surgical decompression for space-occupying cerebral infarction (the Hemicraniectomy After Middle Cerebral Artery infarction with Life-threatening Edema Trial [HAMLET]): a multicentre, open, randomised trial[END_REF][START_REF] Vahedi | Sequential-Design, Multicenter, Randomized, Controlled Trial of Early Decompressive Craniectomy in Malignant Middle Cerebral Artery Infarction (DECIMAL Trial)[END_REF][START_REF] Jüttler | Decompressive Surgery for the Treatment of Malignant Infarction of the Middle Cerebral Artery (DESTINY)[END_REF]. Given the construction of the study, we cannot conclude on the potential link between the difference in high mRS scores in the two centers and their different management strategies.

As a matter of fact, stroke volume was higher in Nice, where signs of brainstem affection were more frequent, and craniectomy area smaller than in Montpellier. These elements alone may well be as explanatory of the higher mortality rate as the therapeutic strategy in the ICU.

These results call for further exploration, as brain functions recovery and adaptation to the initial lesion may to some extent be independent from ICP, and have unknown relationship to the other therapeutics implemented in the ICU.

Méthodes.

  Nous avons réalisé une étude observationnelle rétrospective chez des patients traités par craniectomie décompressive dans le cadre d'un AVC ischémique malin, hospitalisés dans les services de réanimation des CHU de Montpellier et de Nice. Nous avons recueilli les objectifs thérapeutiques, les modalités de prise en charge, les complications survenues avant et pendant le séjour en réanimation, la durée de séjour, ainsi que le devenir neurologique à 6 mois des patients de chaque centre. Résultats. Nous avons inclus 118 patients, 75 ont été hospitalisés dans le service de neuro-réanimation du CHU de Montpellier et 43 dans le service de réanimation polyvalente de Nice. La pression artérielle moyenne, la natrémie et la PaCO2 étaient comparables dans les deux centres, ainsi que le recours à l'utilisation de solutés hyperosmolaires. De même, l'utilisation de barbituriques, dexmedetomidine ou levopromazine était similaire dans les deux centres. Nous avons constaté que la durée de sédation était plus longue à Montpellier, et que ce centre avait également plus souvent recours à l'administration de corticoïdes ainsi qu'à l'utilisation de techniques de refroidissement. Les patients du service de réanimation de Nice étaient plus souvent monitorés par un dispositif mesurant la pression intracrânienne, et étaient plus souvent sujets à des manifestations comitiales. Ils présentaient une durée de séjour en réanimation plus courte que les patients de Montpellier. Pour les deux centres, la proportion de patients dont le devenir neurologique était considéré comme favorable (mRS ≤ 3) était comparable. Cependant, une proportion plus importante de patients présentant un mRS ≤ 4 était observée à Montpellier. Les causes de décès étaient également similaires dans les deux centres, la principale étant le décès lié à une cause neurologique, suivie par les limitations et arrêts des thérapeutiques actives.

  indication of orotracheal intubation, categorized as « emergency » in case of neurological or respiratory failure, or « technical purpose » when it took place in the operative room to proceed to surgery, -time from stroke onset to DHC, -indication of DHC, categorized as « prophylactic » when performed before any clinical (pupillary dilation, GCS<6 excluding the verbal response) or radiological sign of brain herniation, evaluated at the time of DHC by the intensivist, surgeon and radiologist, or « therapeutic » otherwise,

  Data are presented as numbers with percentages for categorical variables, as means ± standard deviations (SD) for continuous variables. The Shapiro-Wilk test was used to evaluate normal distribution of continuous variables. Differences in demographic and clinical factors were compared using a chi square test for categorical variables, Student's t Test or Wilcoxon Mann-Whitney test for continuous variables. Statistical significance was set at 0.05. This retrospective research was approved by the Institutional Review Board of the Montpellier university hospital (IRB-MTP_2021_01_202100712). Since this research was non-interventional, simplified information notes were sent to every patient or patient's relatives. Patients were free to refuse the use of their data, according to the French law.
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 1 Figure 1: Serum sodium concentration and PaCO2 of patients during the first five days in intensive care unit
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 2 Figure 2: Main therapeutics used during the first fifteen days in intensive care unit
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 3 Figure 3: Outcome at 6 months from stroke assessed with modified Rankin score
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Table 1 : Patient demographics, stroke characteristics and management prior to intensive care unit admission

 1 

	Overall (N=118) Montpellier (N=75)	Nice (N=43)	p-value

Orotracheal intubation For neurological or respiratory failure, n (%) For technical purpose in operatory room, n (%)

  Values are mean ± standard deviation (SD) or count with percentage, as appropriate. BMI: Body Mass Index; NIHSS: National Institutes Health Strokes Score; GCS: Glasgow Coma Scale; mTICI: Modified Thrombolysis in Cerebral Infarction; DHC: Decompressive Hemicraniectomy. p-values were defined using chi square test for categorical variables, Student's t Test or Wilcoxon Mann-Whitney test for continuous variables. Statistical significance was set at 0.05.

	Indication and delay for DHC were similar in Montpellier and Nice (prophylactic
	in 36 and 25.6% of cases, p=0.24, 34.80 ± 31.81 versus 39.25 ± 36.27 hours, p=0.5049,
	respectively), however craniectomy size was statistically higher in Montpellier (106.99 ±
	19.09 versus 97.46 ± 17.33, p=0.007).				
	When admitted in ICU after DHC, patients were less frequently monitored with an
	intracranial pressure sensor in Montpellier than in Nice center (1.3 versus 39.5%, p<10 -
	6 ). Mean arterial blood pressure was similar in the two centers (data not shown), however
	more patients received norepinephrine at least once in Montpellier (90.7 versus 53.5%,
	p=3.711*10 -6 ). Biological records showed similar natremia and PaCO2 across ICUs
	(Figure 1), with comparable administration of hyperosmolar therapy in Montpellier and
	Nice (18.6 versus 13.3% respectively, p=0.443).			
	Sedation was statistically longer in Montpellier, with a mean duration of sedative
	drugs administration of 8.83 ± 7.49 versus 1.55 ± 1.79 days in Nice (p<10 -9 ). Barbiturates
	were administered in 22.7% of patients in Montpellier, and 18.6% in Nice (p=0.6033),
		50 (42.4)	33 (44)	17 (39.5)	0.6366
	68 (57.6) and lidocaine in 13.3% of patients in Montpellier while never administered in Nice 42 (56) 26 (60.5)
	REVASCULARIZATION				
	Intravenous alteplase, n (%) (p=0.012). Administration of either dexmedetomidine or levomepromazine occurred in 29 (24.6) 20 (26.7) 9 (20.9) 0.4861
	From stroke onset to intravenous alteplase, min, mean ± SD	168.90 ± 105.36	177.05 ± 120.78	150.78 ± 60.58	0.7055
	Endovascular therapy, n (%) 25.7 and 33.3% of patients in Montpellier and Nice respectively (p=0.380). Active 39 (33.1) 28 (37.3) 11 (25.6) 0.1915
	From first medical contact to endovascular therapy, min, mean ± SD cooling was most frequently used in Montpellier (30.7 versus 2.3%, p< 10 -3 ). In the same 348.05 ± 329.61 364.96 ± 350.00 305.00 ± 281.50 0.3179
	Recanalization result after endovascular therapy				
	mTICI ≥ 2b, n (%) way, corticosteroids were administered in 58.7% of patients in Montpellier versus 7% in 14 (35.9) 14 (50) 6 (54.5) 0.7983
	mTICI = 3, n (%)	8 (20.5)	8 (28.6)	0 (0)	0.0468
	DECOMPRESSIVE HEMICRANIECTOMY Nice (p<10 -6 ). Ventricular drainage occurrence remained anecdotal in both centers (8%
	Prophylactic decompressive hemicraniectomy, n (%)	38 (32.2)	27 (36)	11 (25.6)	0.2437
	From first medical contact to craniectomy, hours, mean ± SD 36.46 ± 33.42 in Montpellier versus 4.7% in Nice, p=0.486, with 4% of patients presenting shunt-34.80 ± 31.81 39.25 ± 36.27 0.5049
	Size of DHC, cm 2 , mean ± SD	103.57 ± 18.96	106.99 ± 19.09	97.46 ± 17.33	0.007
	dependency in Montpellier, none in Nice, p=0.184). Figure 2 summarizes the main
	treatments administered in the two ICUs.				

Table 2 .

 2 For most of them, no statistical difference in occurrence was detected between Montpellier and Nice

	centers, in particular regarding refractory elevated ICP (24 versus 34.9%, p=0.205),
	hemorrhagic transformation (32 versus 30.2%, p=0.842), meningitis (4 versus 11.6%,
	p=0.113), thromboembolic events (16 versus 4.7%, p=0.067, though thromboprophylaxis
	prevalence at day 5 of the ICU stay was as low as 48% in Montpellier, versus 97.1% in
	Nice, p=<10 -6 ). Singularly, epileptic seizures were less frequent in patients hospitalized
	in Montpellier than in Nice (2.7 versus 14% of patients respectively, p=0.019), according
	to which patients treated with antiepileptic drugs were fewer in Montpellier (9.3 versus
	27.9%, p=0.008).

Table 2 : Summary of the main events that occurred during the stay in intensive care unit

 2 

	Overall	Montpellier	Nice	p-value
	(N=118)	(N=75)	(N=43)	

Values are count with percentage. p-values were defined using chi square test. Statistical significance was set at 0.05.

Table 3

 3 

	), we

Table 3 : Description of variables of interest by patient outcome

 3 Values are mean ± standard deviation (SD) or count with percentage, as appropriate. BMI: Body Mass Index; NIHSS : National Institutes Health Strokes Score; GCS : Glasgow Coma Scale; mTICI : Modified Thrombolysis in Cerebral Infarction. Favorable outcome was defined as modified Rankin score less than or equal to 3.

	Favorable outcome	Unfavorable	p-value
	(N= 24)	outcome	
		(N=88)	
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DEMANDE D'IMPRIMATUR

in Montpellier, a higher fraction of patients with a mRS ≤ 4 was observed. Cause of death was similar, with neurological causes coming first, followed by withdrawal of care.

Conclusions. This study presents bundles of care applied in two intensive care units after decompressive hemicraniectomy, together with long-term neurological functional outcome.

Key-words:

Ischemic stroke -Malignant -Middle cerebral artery infarction -Brain Edema -Decompressive Craniectomy -Intensive Care -Sedation -Neuronal Protection -Intracranial Pressure -Neurological outcome

RESULTS

The study included 118 patients, 75 of them having been admitted in Montpellier and 43 in Nice ICUs. Table 1 presents demographic and stroke characteristics, as well as pre-ICU management.

Patients were 52 years-old in average, 63% of them were males, they were moderately overweight with a mean BMI of 26. The most frequent comorbidities were hypertension, presenting a prevalence of 40%, diabetes mellitus (14%), ischemic heart disease (13%) and atrial fibrillation (10%). Patients were frequently active smokers, prevalence being 45%. All the aforementioned characteristics were comparable in the two centers.

Stroke features showed more dissimilarities between Montpellier and Nice patients treated by DHC. Even though initial NIHSS was 22 in both centers, stroke more often affected the left hemisphere in Montpellier (54.7 versus 34.9%, p=0.038). Regardless of the side, clot location was more homogeneous between centers (p=0.074), internal and middle cerebral arteries being the more frequent spots representing 35.6% of events each, followed by tandem lesions (28.8%). Infarct volume was statistically smaller in Montpellier than in Nice patients (197.85 ± 80.88 versus 282.57 ± 146.85mL respectively, p=0.001). Even though prevalence of altered consciousness was similar across centers (NIHSS1a item ≥ 1 in 71.6 versus 85.7%, p=0.084, orotracheal intubation for neurological or respiratory failure in 44 versus 39.5%, p=0.636, in Montpellier and Nice respectively), pupillary modification rate was lower in Montpellier (14.7 versus 34.9%, p=0.011).

APPENDIX Supplementary Figure 1: Initial infarct volume described with associated modified Rankin Score (mRS) at 6 months

Box plot showing median value (horizontal line) and the full range (whiskers) for initial infarct volume described with associated mRS at 6 months for patients hospitalized in Montpellier and Nice. Infarct volume is expressed in mL. Modified Rankin Score (mRS) at 6 months was used to evaluate the degree of disability or dependence for daily activities, with a scale ranging from 0 to 6: 0: No symptom; 1: No significant disability despite some symptoms; 2: Slight disability (unable to perform all of former activities but no dependence); 3: Moderate disability (help required for ordinary tasks but walking conserved without the need for assistance); 4: Moderately severe disability (inability to walk without assistance); 5: Severe disability (constantly bedridden); 6: Death. Malignant strokes represent about 10% of anterior circulation ischemic strokes, and are characterized by major edema resulting in brain herniation and eventually death. Generally accepted initial management strategy comprises decompressive hemicraniectomy. However, post-operative management in intensive care unit is prone to heterogeneity between centers, with limited data informing on specific practices in these patients and related functional outcome.

Supplementary

METHODS:

This retrospective observational study relates to adult patients admitted in two intensive care units from French university hospitals after decompressive hemicraniectomy performed in the course of malignant stroke management. We recorded therapeutic targets and treatments applied as well as complications before and during the stay in the intensive care unit, the length of stay, and neurological functional outcome at 6 months from patients hospitalized in each center.

RESULTS/DISCUSSION: The study included 118 patients, 75 of them having been admitted in Montpellier and 43 in Nice intensive care units. Mean arterial blood pressure, natremia and PaCO2 were similarly controlled, with comparable administration of hyperosmolar therapy. Administration of barbiturates, dexmedetomidine, and levepromazine did not differ between centers. In Montpellier, sedation lasted longer, active cooling was most frequently used, and corticosteroids more often administered. In Nice, patients were more frequently monitored with an intracranial pressure sensor, presented more often epileptic seizures, and length of stay in the intensive care unit was shorter. Favorable long-term neurological functional outcome (mRS ≤ 3) was comparable in the two centers. However, in Montpellier, a higher fraction of patients with a mRS ≤ 4 was observed. Cause of death was similar, with neurological causes coming first, followed by withdrawal of care.

CONCLUSION:

This study presents bundles of care applied in two intensive care units after decompressive hemicraniectomy, together with long-term neurological functional outcome.
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