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Background

Large middle cerebral artery infarcts (LMCA) accounts for a small proportion of all ischemic strokes, with a devastating vital and functional prognosis if not treated earlier as possible [START_REF] Heiss | Malignant MCA Infarction: Pathophysiology and Imaging for Early Diagnosis and Management Decisions[END_REF][START_REF] Eros) Investigators | Incidence of stroke in Europe at the beginning of the 21st century[END_REF] .

The incidence of LMCA infarction is estimated at 1 case per 10,000 residents per year in Western Europe [START_REF] Eros) Investigators | Incidence of stroke in Europe at the beginning of the 21st century[END_REF]. Huttner et al. defined the LMCA by an association of clinical and radiological criteria (age between 18 and 60 years, onset of symptoms less than 48 hours, National Institute of Health Stroke Score (NIHSS) > 15 associated with altered consciousness, infarcted volume > 145 cm 3 on imaging. [START_REF] Huttner | Malignant middle cerebral artery infarction: clinical characteristics, treatment strategies, and future perspectives[END_REF] For several years now, the development of interventional neuroradiology considerably improved the neurological prognosis of cerebrovascular ischemic strokes and in particular the combination of intravenous thrombolysis and mechanical thrombectomy [START_REF] Bracard | Mechanical thrombectomy after intravenous alteplase versus alteplase alone after stroke (THRACE): a randomised controlled trial[END_REF].

Despite of these therapies or in case of failure of these therapies, some patients may develop LMCA which can required decompressive hemicraniectomy (DH), which must be performed early for improve neurological outcome. [START_REF] Vahedi | Early decompressive surgery in malignant infarction of the middle cerebral artery: a pooled analysis of three randomised controlled trials[END_REF] [START_REF] Goedemans | Outcome After Decompressive Craniectomy for Middle Cerebral Artery Infarction: Timing of the Intervention[END_REF] Any patient suspected of having a cerebral stroke should benefit of imagery in emergency for diagnosis and management. On the acute phase, computerized tomography scan (CTscan) can be performed but magnetic resonance imaging (MRI) is the gold standard for reveal early complications and differential diagnosis. [START_REF] Eros) Investigators | Incidence of stroke in Europe at the beginning of the 21st century[END_REF][START_REF] Vert | MR imaging in hyperacute ischemic stroke[END_REF] This imaging exam also gives access to the optic nerve and perioptic sheath diameter (ONSD) and the eyeball transverse diameter (ETD) [START_REF] Kim | Measurement of the Optic Nerve Sheath Diameter with Magnetic Resonance Imaging and Its Association with Eyeball Diameter in Healthy Adults[END_REF], which are increased during episodes of intracranial hypertension. [START_REF] Geeraerts | Use of T2weighted magnetic resonance imaging of the optic nerve sheath to detect raised intracranial pressure[END_REF] Our hypothesis is that from this first imaging examination (i.e. at the time of diagnosis) on MRI, there is an increase in the diameter of the optic nerve and perioptic sheath that could immediately reveal a LMCA. The primary aim of our study is to show an association between ONSD and LMCA infarction and to define a threshold to classify patients with and without LMCA infarction. The secondary aim was to show an association between ETD, ONSD/ETD ratio and LMCA infarction and to define a threshold.

Materials and Methods

Study design

This was an observational, retrospective, case-control study in university hospital center of Reims between January 2008 and December 2019. All patients over 18 years of age and hospitalized in Reims for an acute ischemic stroke were eligible.

Cases and controls were selected by interrogation of International Classification of Diseases (ICD), 10 th edition, with ischemic stroke as criterion (code I64). Decompressive hemicraniectomy was a criterion for only cases selection (LMCA). Then the patient files were reexamined, and classified as LMCA or not. Cases were patients with LMCA that was defined as patient between 18 and 60 years-old, with a symptom onset of less than 48 hours, NIHSS more than 15 with consciousness disorder and Infarcted volume > 145 cm 3 and controls were patients with non-malignant ischemic stroke.

Patients under 18 years of age, pregnant women, patients under protection of justice and patients refusing to participate were excluded.

Cases were matched with controls (1:3) based on age (± 5 years), sex, and year of hospitalization (± 2 years).

Data recording

Socio-demographic data, such as age, sex, NIHSS at admission, worst Coma Glasgow Scale (GCS), length in stay in hospital, hospital mortality, therapeutic management (thrombolysis, endovascular therapy), stroke laterality, ONSD, ETD, the ONSD/ETD ratio, The percentage of decompressive craniectomy and the time between hospital admission and the neurosurgery for patient with LMCA were also reported.

Radiological data

Every patient suspected of having a cerebral stroke receives an MRI with axial diffusion sequence, axial Flair, axial T2 gradient echo and axial 3D TOF within 6 hours of the onset of neurological symptoms. The examinations were performed on 3T MRI (Siemens IRM 3T Magnetom). IRM was always performed before endovascular intervention and thrombolysis.

ONSD was calculated using electronic calipers, 3 mm behind and in a perpendicular vector with reference to the orbit in axial 3D TOF sequence with a zoom x10 ratio compared to image acquisition. The eyeball transverse diameter (ETD) was measured from retina to retina [START_REF] Kim | Measurement of the Optic Nerve Sheath Diameter with Magnetic Resonance Imaging and Its Association with Eyeball Diameter in Healthy Adults[END_REF] . The ONSD and ETD measurements were taken bilaterally, as showed on the figure 1.

All measures were performed by the same operator trained in the measurement technique, not blind to the patient's status.

Ethical considerations

The study was performed in accordance with the declaration of Helsinki and was approved by the National Commission of Informatics and Civil Liberties (CNIL).

Informed consent was obtained from all individuals participants included in the study.

Statistical analysis

Number of subjects needed:

After a review of the literature, at two-sided significance level of alpha= 5%, 90% power, with ONSD mean in patient with LMCA of 5.66 mm (standard deviation : 0.6 mm²), and ONSD mean in patient with Stroke of 4.97 mm ( standard deviation : 0.5mm²) based on CT data, the minimum number of subjects required was 15 per group.

Descriptive analysis was performed. Qualitative variables are described as number and percentage and quantitative variables as mean ± standard deviation (SD) or median and inter-quartile range depending on the distribution of the variable.

Associations between socio-demographic, clinical data and malignant stroke were investigated using the Chi square or Fisher's exact test, and Student t-test or Mann-Whitney test as appropriate. A bivariate analysis using conditional logistic regression was performed with the variable to be explained the occurrence of a malignant stroke and the diameter of the ONSD as the explanatory variable. Receiver operating characteristic (ROC) curves was performed and an optimal threshold according to Youden index was determined to classify patient with LMCA and non-LMCA. Area under the ROC curve, sensitivity and specificity with 95% confidence interval (CI95%) were calculated. Same analyses were performed for ETD and ONSD/ETD ratio. A p-value of 0.05 was considered statistically significant.

All analyses were performed using SAS, version 9.4 (SAS Institute, Inc., Cary, NC, USA).

Results

Fifty patients with ischemic infarction with decompressive hemicraniectomy were identified.

After analyze of medical files, 22 patients were included between 2008 and 2019. During the same period, 2612 patients with ischemic stroke were hospitalized in our center, after matching, 66 controls were included (figure 2).

Patients included in our study were mainly women, mean age of 53.6 years-old. In LMCA, the NIHSS score was higher (22 [START_REF] Watanabe | Effect of intracranial pressure on the diameter of the optic nerve sheath[END_REF][19][20][21][22][23][24][25] vs 6 [1-10], p<0.001) and the Glasgow score was lower (9 [START_REF] Vert | MR imaging in hyperacute ischemic stroke[END_REF][START_REF] Kim | Measurement of the Optic Nerve Sheath Diameter with Magnetic Resonance Imaging and Its Association with Eyeball Diameter in Healthy Adults[END_REF][START_REF] Geeraerts | Use of T2weighted magnetic resonance imaging of the optic nerve sheath to detect raised intracranial pressure[END_REF][START_REF] Legrand | Estimation of optic nerve sheath diameter on an initial brain computed tomography scan can contribute prognostic information in traumatic brain injury patients[END_REF][START_REF] Albert | Clinical and Radiological Predictors of Malignant Middle Cerebral Artery Infarction Development and Outcomes[END_REF] vs 15 , p<0.001).

Length of hospital stay was also higher in patients with LMCA (13.5 days [7-23] vs. 7 days [START_REF] Bracard | Mechanical thrombectomy after intravenous alteplase versus alteplase alone after stroke (THRACE): a randomised controlled trial[END_REF][START_REF] Vahedi | Early decompressive surgery in malignant infarction of the middle cerebral artery: a pooled analysis of three randomised controlled trials[END_REF][START_REF] Goedemans | Outcome After Decompressive Craniectomy for Middle Cerebral Artery Infarction: Timing of the Intervention[END_REF][START_REF] Vert | MR imaging in hyperacute ischemic stroke[END_REF][START_REF] Kim | Measurement of the Optic Nerve Sheath Diameter with Magnetic Resonance Imaging and Its Association with Eyeball Diameter in Healthy Adults[END_REF][START_REF] Geeraerts | Use of T2weighted magnetic resonance imaging of the optic nerve sheath to detect raised intracranial pressure[END_REF][START_REF] Legrand | Estimation of optic nerve sheath diameter on an initial brain computed tomography scan can contribute prognostic information in traumatic brain injury patients[END_REF], p=0.0004), and hospital mortality was significantly more frequent (11 (50%) vs 4 (6.1%), p<0.0001).

The use of intravenous thrombolysis (13 (59.1%) vs. 20 (30.3%), p=0.02) and endovascular therapy (12 (54.5%) vs. 13 (19.7%), p=0.03) was greater in LMCA.

There was no laterality concerning the affected vascular territory with 10 patients (45.5%) on the left side in the cases and 34 patients (51.5%) in the controls.

There is a significant difference in the size of the ONSD measured on MRI at patient's admission (right: 5.13 ± 0.2 mm vs. 4.80 mm ± 0.18, p<0.000 1, left: 5.16 ± 0.17 vs 4.78±0.20, p<0.0001).

The same difference is highlight in terms of the ETD (right: 22.94 ± 1.2 mm vs 22.38mm ± 0.86, p=0.02, left: 22.88 ± 1.07 mm vs 22.46 mm ± 0.76, p=0.04) and the ONSD/ETD ratio (right: 0.22 ±0.01 mm vs 0.21 mm ± 0.01, p=0.02, left: 0.22 ± 0.01 mm vs 0.21 mm ± 0.01, p=0. 000 

7) (table1).

There was no significant difference in ONSD, ETD and ONSD/ETD ratio between the 2 eyes.

Then, ROC curves were performed to determine a threshold of ONSD, ONSD/ETD ratio and ETD to predict the evolution towards the LMCA.

For ONSD, AUC was 0.93 (95%IC [0.85-1.00]), for a threshold at 5.03 mm, the sensitivity was 0.82 (95%IC [0.6-0.93]), specificity 0.94 (95%IC [0.85-0.98]).

For the ETD, AUC was 0.67 (95%IC [0.53-0.81]), for a threshold at 22.90 mm; sensitivity was 0.64 (95%IC [0.43-0.81]) and specificity was 0.71 (95%IC [0.6-0.8])

For the ONSD/ETD ratio, AUC was 0.72 (95%IC [0.58-0.85]), for a threshold at 0.225 mm; sensitivity was 0.54 (95%IC [0.35-0.73]) and specificity was 0.88 (95%IC [0.77-0.93]) and a Youden index at 0.42. (Figure 3 

and table 2)

The conditional logistic regression performed to predict the risk of LMCA, in addition to the other criteria of malignancy, for the respective thresholds are >5.03 mm for ONSD, >22.90 mm for ETD and an ONSD/ETD ratio >0.225. With these thresholds, the Odds Ratio of LMCA was 46.4 for the ONSD (95%IC [6.15-350.1] p=0.0002), 5.54 for the ETD (95%IC [1.71-17.9], p=0.004) and 7, 24 for the ONSD/DTE ratio (95%IC [2.29-22.8], p=0.

0007). (table 3) Discussion

The ONSD is a fairly reliable marker of the evolution of intracranial pressure (ICP), whether measured by MRI, ultrasound or CT scan. The ONSD and ONSD/ETD ratio (introduced to account for inter-individual variability in orbit size) [START_REF] Legrand | Estimation of optic nerve sheath diameter on an initial brain computed tomography scan can contribute prognostic information in traumatic brain injury patients[END_REF] during the LMCA has already been demonstrated on a small number of CT scans [START_REF] Albert | Clinical and Radiological Predictors of Malignant Middle Cerebral Artery Infarction Development and Outcomes[END_REF]. Unfortunately, there are no data on MRI in this pathology.

In the case of ischemic stroke with involvement of the middle cerebral artery, from the point of view of medical imaging, only an infarcted volume > 145 cm 3 plays a role in the criteria for defining the LMCA (3) it is well defined that volume is an important element of prognosis and mortality at 1 year [START_REF] Casolla | Predictors of outcome in 1-month survivors of large middle cerebral artery infarcts treated by decompressive hemicraniectomy[END_REF]. Variables traditionally used to assess for intracranial hypertension on imaging, including evaluation of the size of the ventricles, basilar cisterns, and sulci, degree of transfalcine herniation, and gray-white matter differentiation, have been shown to be unreliable predictors of raised ICP. Some authors also mention that the deviation of the median line is a marker also frequently present in LMCA [START_REF] Miller | Initial Head Computed Tomographic Scan Characteristics Have a Linear Relationship with Initial Intracranial Pressure after Trauma: J Trauma Inj[END_REF].

Although, the gold standard for measuring intracranial pressure remains invasive monitoring. It is probably not lawful to carry out such monitoring in patients with acute stroke. On the one hand, because it does not benefit the management, and on the other hand, because carrying out an invasive procedure in conscious patients remains extremely complicated [START_REF] Schwab | The value of intracranial pressure monitoring in acute hemispheric stroke[END_REF][START_REF] Funchal | Intracranial pressure following decompressive hemicraniectomy for malignant cerebral infarction: clinical and treatment correlations[END_REF].

The ONSD is an alert marker, extremely important in several aspects and could be a better alternative.

This marker of increased intracranial pressure seems to be more precise than the clinical signs of intracranial hypertension (vomiting, consciousness disorders ...). Moreover, it is noninvasive. This measure and ETD's are accessible in a simple and reproductible way, on first MRI, performed at the acute phase of management of patients suspected of having a cerebral stroke.

Moreover, the ONSD could be an additional marker to guide the neurosurgeons for the timing of performing the craniectomy in severe forms of strokes. In fact, the definitions of LMCA mention a NIHSS score greater than 15, with impairment of consciousness. But, any definition of this level of impairment is described. In addition, surgeons are sometimes reticent for the performance of this heavy surgery in patients who presented little disturbance of consciousness [START_REF] Beez | Decompressive craniectomy for acute ischemic stroke[END_REF]. In our study, we note that the LMCA have a high NIHSS, and especially low coma Glasgow scores at the time of treatment in the operating room, which can probably explain our high mortality rate. This constate supposes that the time of craniectomy is too long and that the selection of operable patients not optimal [START_REF] Das | Decompressive Hemicraniectomy in the Treatment of Malignant Middle Cerebral Artery Infarction: A Meta-Analysis[END_REF].

It is described that the timing for surgery must be as early as possible within 48 hours after the onset of neurological symptoms to hope for a good neurological outcome.

Because of the retrospective nature of our study, with a lot of missing data, we were only able to calculate the delay between admission and DH, and we find that this delay is globally a little longer than in recent studies. [START_REF] Casolla | Predictors of outcome in 1-month survivors of large middle cerebral artery infarcts treated by decompressive hemicraniectomy[END_REF] When we compare our data, in patients with non-LMCA, to MRI data of healthy subjects, we find globally similar values. However our values, whether pathological or normal, differ from MRI data in patients with or without intracranial hypertension secondary to traumatic brain injury [START_REF] Kim | Measurement of the Optic Nerve Sheath Diameter with Magnetic Resonance Imaging and Its Association with Eyeball Diameter in Healthy Adults[END_REF][START_REF] Geeraerts | Use of T2weighted magnetic resonance imaging of the optic nerve sheath to detect raised intracranial pressure[END_REF].

The high point of this study is that there are no data on ONSD in MRI in LMCA.

Moreover, the ONSD measurement is easy, reproducible and requires a fast learning time for the neuroradiologists, as was the case in our study.

This study has several limitations, first of all its retrospective and monocentric nature, in a single center with a small annual cohort of cerebral ischemic strokes. The small numbers of patients involved and the non-blind nature of the ONSD evaluation are also a limitation.

Then, the analysis period is more than 10 years, with particular major changes in terms of management of ischemic strokes, especially the development of interventional neuroradiology.

Age was also not taken into account in this study, as well as the possibility of optical atropy.

The evaluation of the ONSD could also have evolved over time in the 2 groups and in particular under the effect of the DH. Unfortunately, we only had a few post-procedure MRIs, CT scans were more frequent. However, it is accepted that the elastic fibers of the optic nerve, once distended, do not regain their initial diameter and this aspect has already been demonstrated in the literature [START_REF] Watanabe | Effect of intracranial pressure on the diameter of the optic nerve sheath[END_REF].

Nevertheless, this study can open the way to other research, in particular the creation for example of score using the ONSD in MRI and sonography (because easier to carry out, noninvasive, dynamic) associated with other clinical criterion already known (age, NIHSS, ...) which could be dynamic to best orient the teams taking care of these patients.

Conclusion

ONSD, ETD and the ONSD / ETD ratio can predict the risk of developing large middle cerebral artery infarcts requiring a decompressive hemicraniectomy in the first MRI. 

Figure 1 .Figure 3 .

 13 Figure 1. measurement of ONSD on MRI

  

Table 1 .

 1 General population dataData are expressed as mean ± standard deviation, number (percentage), or median [interquartile range]. NIHSS=National Institutes of Health Stroke Scale, ONSD=Optic Nerve and perioptic Sheath Diameter, ETD= Eyeball Transverse Diameter

		Large Middle Cerebral artery	Middle Cerebral Artery Infarcts	
		infarcts (LMCA)	(MCA)	
		(n=22)	(n=66)	p
	Age (Years)	53,5 [47-59]	53,8 [47-59]	NA
	Male gender	16 (27.3)	16 (27.3)	NA
	Admission NIHSS	22 [18-25]	6 [1-10]	<.0001
	Worst Coma Glasgow Scale	9 [7-11]	15 [15-15]	<.0001
	Length of stay (day)	13.5 [7-23]	7 [4-10]	0.0004
	Hospital mortality	11 (50)	4 (6.1)	<.0001
	Thrombolysis	13 (59,1)	20 (30,3)	0.02
	Endovascular therapy	12 (54,5)	13 (19.7)	0.03
	Left MCA stroke	10 (45,5)	34 (51.5)	0.8
	Right ONSD (mm)	5,13 ± 0,2	4,80 ± 0,18	<.0001
	Left ONSD (mm)	5,16 ± 0,17	4,78 ± 0,20	<.0001
	Right ETD (mm)	22,94 ± 1,2	22,38 ± 0.86	0.02
	Left ETD (mm)	22,88 ± 1,07	22,46 ± 0,79	0.04
	Right ONSD/ETD ratio	0,22 ± 0,01	0,21 ± 0,01	0.02
	Left ONSD/ETD ratio	0,22 ± 0,01	0,21 ± 0,01	0.0007
	Décompressive craniectomy	19 (86,4)	0 (0)	<.0002
	Time admission to craniectomy			
	(hours)	35 ,8 ± 33,7	NA	NA

Table 2 .

 2 Sensitivity, Specificity, for ONSD > 5.03 mm, ETD >22.9 mm and ONSD/ETD ratio >0.225

		Se (%)	Sp (%)
	ONSD	82	94
	CI95%	[0.6-0.93]	[0.85-0.98]
	ETD	64	71
	CI95%	[0.43-0.8]	[0.6-0.8]
	ONSD/ETD ratio	54	88
	CI95%	[0.35-0.73]	[0.77-0.93]

ONSD= optic nerve and perioptic sheath diameter, ETD= Eye transverse diameter; Se=sensitivity; Sp=specificity.

Table 3 .

 3 Conditional logistic regression to analyze prediction large middle cerebral artery infarcts (LMCA) infarction for ONSD > 5.03mm, ETD > 22.9 mm and ONSD/ETD ratio > 0.225

		Odds ratio	95%CI	P value
	ONSD	46.4	6.15 -350.1	0.0002
	ETD	5.54	1.71 -17.9	0.004
	ONSD/ETD ratio	7.24	2.29 -22.8	0.007

ONSD = optic nerve and perioptic sheath diameter, ETD= eye transverse diameter,