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INTRODUCTION

The placement of an external ventricular drains (EVD) is the most performed neurosurgical procedure [START_REF] Srinivasan | The history of external ventricular drainage[END_REF] . This device is widely used in neuro intensive care units (ICU) as a way of controlling acute hydrocephalus and monitoring intracranial pressure. Patients with diffuse subarachnoid haemorrhage (SAH) or intraventricular haemorrhage are almost always concerned by cerebrospinal fluid (CSF) removal using an EVD [START_REF] Connolly | Guidelines for the Management of Aneurysmal Subarachnoid Hemorrhage: A Guideline for Healthcare Professionals From the American Heart Association/American Stroke Association[END_REF][START_REF] Gaberel | Management of non-traumatic intraventricular hemorrhage[END_REF] .

However, despite their widespread use, catheter malposition, haemorrhage and ventriculostomy related infection (VRI) remain common complications of EVDs [START_REF] Muralidharan | External ventricular drains: Management and complications[END_REF] . Previous studies have examined how to reduce these risks but have not provided strong conclusions about the best method for insertion and management of EVDs. For this reason, the Neurocritical Care Society published, in 2016, a consensus statement to address the absence of high level evidence and to suggest a thoughtful use of this device [START_REF] Fried | The Insertion and Management of External Ventricular Drains: An Evidence-Based Consensus Statement : A Statement for Healthcare Professionals from the Neurocritical Care Society[END_REF] .

However, considering the relative lack of comprehensive evidences, a previous American survey highlighted the expected discrepancies in the management of EVDs between institutions [START_REF] Chung | Management of External Ventricular Drains After Subarachnoid Hemorrhage: A Multi-Institutional Survey[END_REF] . The heterogeneity of practices tends to persist and an optimal EVD management remains controversial.

The aim of this study was to determine the baseline current clinical practices of EVD management in French neuro-ICUs.

MATERIALS AND METHODS

An online survey (Supplemental Data S1) was used to determine the EVD management practices at the institutional level in twenty-five French neuro-ICUs registered to the "Association de Neuro-Anesthésistes-Réanimateurs de Langue Française" (ANARLF). A detailed survey with multiplechoice questions was sent to practitioners working in the neuro-ICUs. Only one response per institution was counted. The survey was designed in order to reflect the predominant approach of each unit to EVD management. In order to simplify the reading of this report, answers to some questions with the four choices always, often, sometimes and never were transduced in two dichotomised categories: "YES" (always or often) and "NO" (sometimes or never). Detailed answers are available in Supplemental Data S2.

The survey contained twenty-three questions on four mains topics: (1) overall use of EVDs; (2) maintenance practices and management of VRIs; (3) specific use of EVDs in patient suffering from a SAH and (4) EVD weaning. In part (1), respondents were asked whether the EVD was placed under general anaesthesia or not; whether they monitored the intracranial pressure (ICP) using the EVD or not; and which unit of measure was used to determine the EVD level (cm d'H 2 O or mmHg). In part (2), we examined the maintenance practices that could impact the incidence of a VRI (e.g. management of an EVD obstruction, injections on the EVD, sampling of CSF). In part

(3), we were focused on specific adjustments of EVD in patients suffering from a SAH.

Respondents were asked if they maintained the EVD open or closed in the situation of unsecured and secured aneurysm, at which level was positioned the EVD from the level of the tragus, if the drainage was continuous or intermittent and if they used a systematic intraventricular fibrinolytic therapy. In part (4), we studied EVD weaning criteria and the method used (rapid or gradual).

Respondents were asked which clinical signs they were monitored during the weaning phase. They were also asked whether they performed a systematic CT scan to determine shunt dependency.

Answers were collected between November 2017 and January 2018. Individuals within each neuro-ICU were contacted based on prior communication with the last author or from their directory listing from the ANARLF. Implied consent was obtained by taking part in the survey.

The survey was performed using the online software SurveyMonkey. In addition, we sent followup emails to non-respondents for up to two attempts. Analyses were performed using Microsoft Excel and GraphPad Prism.

RESULTS

We received completed surveys from each of the 25 neuro-ICUs in France and Belgium for a response rate of 100% (Supplemental Data S2). The majority of responding institutions were university hospitals (23/25).

Part (1): Overall use of EVD

In the situation where patients did not need sedation for other reason, 84% (21/25) of respondents still favoured EVD insertion under general anaesthesia versus local anaesthesia. In brain injured patients with a need for ICP monitoring, an EVD allows a monitoring of intraventricular pressure (IVP), which reflects ICP. In this case, 52% (13/25) favoured intermittent monitoring of IVP using a bypass transducer connected to the EVD whereas 44% (11/25) used a supplemental intraparenchymal transducer in order to have a continuous measure of ICP. The last institution used a continuous measure of IVP using a transducer integrated into the EVD. Eighty-four percent (21/25) of centres used cmH 2 O units rather than mmHg units to set the EVD drainage level from the level of the tragus.

Part (2): Maintenance practices and management of VRIs

We retrieved, in this part of the survey, some details about habits and routines of institutions used to reduce the risk of VRIs. Firstly, we highlighted that 84% (21/25) of institutions never used antibiotic prophylaxis at the EVD insertion time. Secondly, practitioners were asked how they manipulated the EVD in case of an obstruction of the catheter: suction of the CSF at the distal or the proximal stopcock were performed by 24% (6/25) and 40% (10/25) of centres, respectively; injection of a saline solution was performed by 36% (9/25) of respondents and injection of fibrinolytic agents by 60% (15/25) of respondents. When the latter techniques were conducted and failed, one attitude made consensus: respondents mostly changed EVD (20/25, 80%). Thirdly, we pointed out that 68% (17/25) of institutions realized ad hoc CSF sampling in case of a VRI suspicion whereas 32% (8/25) made systematic and periodic sampling of cerebral spinal fluid in order to screen for VRI occurrence.

Finally, when a VRI was diagnosed, approximately 68% (17/25) of centres systematically changed the intraventricular catheter (if a CSF drainage was needed).

Part (3): Specific use of the EVD in patients suffering from a SAH

In this part, we focused on the use of EVDs in patients with a SAH. Adjustments of the EVD before aneurysm exclusion, after aneurysm exclusion and during the weaning phase were examined.

Concerning the type of drainage, 76% and 96% of institutions kept the EVD continuously opened before and after aneurysm exclusion, respectively (Figure 1). Other institutions used an intermittent drainage.

The EVD level of drainage changed throughout the hospitalisation (Figure 2). The mean level of drainage was 17±3.46 cmH 2 O from the level of the tragus before aneurysm exclusion and 13±3.74 cmH 2 O after aneurysm exclusion (p-value = 0,0013). During the weaning phase, the mean level was 13.4±4.63 cmH 2 O.

In the situation of an important intraventricular bleeding obstructing the third and fourth ventricles, 96% (24/25) of respondents did not administer an intraventricular fibrinolytic therapy systematically (56% never and 40% sometimes).

Part (4): EVD weaning

Weaning criteria

Respondents defined the following conditions as incompatible with an EVD weaning: non-control of the intracranial hypertension (25/25, 100%), persisting high volume of CSF drained (19/25, 76%), persistence of blood in the subarachnoid space on a cerebral CT-scan (5/25, 20%) or a hematic aspect of the CSF drained (14/25, 56%).

During the weaning phase, physicians monitored the following clinical events: consciousness disorders (25/25, 100%), CSF leakage (22/25, 88%), headache (17/25, 68%), Transcranial Doppler abnormalities (15/25, 60%) and occurrence of pseudomeningocele (11/25, 44%).

Concerning medical imaging, 92% (21/25) of institutions performed a systematic cerebral CTscan before EVD withdrawal: 44% after 24h of clamping and 44% after 48h (Figure 3).

Gradual versus rapid weaning

Gradual weaning consists in sequentially increasing the level of the drainage day after day; this is a multistep approach. Rapid weaning consists in immediately closing the EVD when the decision is taken. In this survey, 76% (19/25) favoured a gradual weaning versus 24% (6/25) a rapid weaning (Figure 4).

Permanent shunt placement

Eighty-four percent of respondents (21/25) did not systematically place a permanent shunt after the first weaning failure. However, a permanent shunt could be inserted without attempting EVD weaning for 68% of respondents (17/25), if conditions suggested that the EVD weaning would not be possible. Finally, physicians were asked which was the appropriate moment for inserting a permanent shunt. The appropriate delay considered by respondents was: 7 to 14 days for 16% (4/25) of them, 14 to 21 days for 52% (12/25) of them, 21 to 28 days for 28% (7/25) of them and more than 28 days for 4% (1/25) of them.

DISCUSSION

The present survey represents the current practices concerning EVD management by neurointensivists in French neuro-ICUs. We observed an overall heterogeneity concerning the daily management of EVDs. These findings are similar to the latest American survey concerning the management of EVD in SAH [START_REF] Chung | Management of External Ventricular Drains After Subarachnoid Hemorrhage: A Multi-Institutional Survey[END_REF] .

The management of the infectious risk is probably the most debated subject in the literature. The prevalence of VRIs is relatively important 7 but its management remains controversial.

An antibiotic prophylaxis is not recommended by the French Society of Anaesthesia and Intensive Care (SFAR) for the surgical insertion of an EVD [START_REF] Martin | Recommandations formalisées d'experts : Antibioprophylaxie en chirurgie et médecine interventionnelle[END_REF] . However, such a prophylaxis is recommended by American guidelines [START_REF] Tunkel | Infectious Diseases Society of America's Clinical Practice Guidelines for Healthcare-Associated Ventriculitis and Meningitis[END_REF] . In this survey, intensivists followed French national recommendations.

Others answers concerning VRIs were heterogeneous. Definitions of contamination, colonization, ventriculitis and VRI has been proposed by Lozier et al. [START_REF] Lozier | Ventriculostomy-related Infections: A Critical Review of the Literature[END_REF] . But, the debate on screening and a consensus definition of VRI still remains [START_REF] Freeman | Ventriculostomy-Associated Infection (VAI): In Search of a Definition[END_REF] . For example, a diagnosis can be made by systematic CSF sampling. An EVD care bundle, including routine daily CSF sampling, could lower the incidence of VRIs 12 . However, approximately 2/3 of the centres prefer to wait for a clinical suspicion of infection to sample CSF. This could be explained by the fact that, despite an intense research, no clear biomarker has been found [START_REF] Hill | CSF lactate alone is not a reliable indicator of bacterial ventriculitis in patients with ventriculostomies[END_REF] , unlike for community-acquired meningitis [START_REF] Sakushima | Diagnostic accuracy of cerebrospinal fluid lactate for differentiating bacterial meningitis from aseptic meningitis: A metaanalysis[END_REF] .

Intraventricular fibrinolytic agents, administered via the EVD are intended to accelerate the clot lysis and to reduce the inflammatory response [START_REF] Baker | Fibrinolytic for treatment of intraventricular hemorrhage: A meta-analysis and systematic review[END_REF] . Their use was not a common practice in our survey. Studies have shown a safe use without leading to an improvement in the functional outcome [START_REF] Hanley | Thrombolytic removal of intraventricular haemorrhage in treatment of severe stroke: results of the randomised, multicentre, multiregion, placebocontrolled CLEAR III trial[END_REF] . It should remain a targeted therapy for a limited number of patients.

In this survey, we studied the EVD level of drainage set for patients suffering from a SAH. We observed that the level decreased over time. Before securing the aneurysm, the aim of the EVD is to control the acute hydrocephalus but can be associated with an increased risk of aneurysm rebleeding [START_REF] Cagnazzo | Aneurysm rebleeding after placement of external ventricular drainage: a systematic review and meta-analysis[END_REF] . Drainage is thus kept at a low flow rate. After aneurysm exclusion, the drainage flow can be enhanced in order to lower the intracranial pressure. During the weaning phase, practices are more heterogeneous. This is probably due to the lack of evidence concerning weaning.

Concerning the type of drainage, we opposed continuous versus intermittent drainage. Most centres favoured a continuously opened drain before and after securing the aneurysm. Continuous drainage may limit blood in the subarachnoid space, which is associated with vasospasm [START_REF] Harrod | Prediction of Cerebral Vasospasm in Patients Presenting with Aneurysmal Subarachnoid Hemorrhage: A Review[END_REF] , thus theoretically decreasing the risk of delayed cerebral ischemia. Intermittent drainage may be more "physiological", by promoting the natural absorption of CSF. However, the literature is scarce concerning the subject. Moreover, a randomised controlled trial showed a benefit of intermittent drainage, with fewer drain complications such as haemorrhage, EVD malfunction and ventriculitis 19 .

Concerning the method of weaning, a gradual method was historically supposed to prevent longterm shunt placement in SAH. In 2004, Klopfenstein et al. showed that a rapid weaning could lead to a reduction in ICU and hospital lengths of stay, but there was no difference in the rate of permanent shunt placement 20 . However, most centres favoured a gradual weaning, even with the current evidence. Again, this discrepancy could be due to the lack of evidence.

In order to look for the recurrence of hydrocephalus during the weaning phase, centres monitored more or less the same clinical events and Transcranial Doppler. We suggest that the measure of third ventricle by transcranial ultrasonography could be useful in this situation. Indeed, Widehem et al. showed that sonography is reliable as CT to measure the third ventricle diameter in neuro ICUs patients 21 .

The main force of our study was the number of participating centres, with a response rate of 100%. Thus, it may accurately represent current practices in neuro-ICUs in university hospitals of the ANARLF group. The representative value of our descriptive survey is strong.

However, some limitations must be underlined. Only intensivists were questioned, whereas other specialties also deal with EVDs (neurologists, neurosurgeons, neuroradiologists). Moreover, only one person per centre replied to the survey. Results thus represent the practice of institutions and does not show differences between intensivists in a same centre.

CONCLUSION

From EVD insertion to its weaning, we noticed some disparities concerning the management between centres. Different attitudes are sometimes contrary to the best available evidences.

Given 
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FIGURES Figure 1. Type of drainage

The majority of neuro-ICUs used a continuous drainage and this proportion increased after aneurysm exclusion. 
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Figure 4: Type of weaning

There are 2 opposite strategies in the timing of the weaning. Around 3/4 of centres favoured a gradual weaning, others institutions chose a rapid strategy. 
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 1225631113141617123123456789101112131415161718 In the situation where patients do not need sedation for another reason, how often do you perform EVD insertion under local anaesthesia (versus general anaesthesia)? In brain injured patients, which technique of ICP monitoring do you use? a. None b. Continuous monitoring of ICP by a supplemental intraparenchymal transducer c. Intermittent monitoring of IVP with measurement of the height of the water column d. Intermittent monitoring of IVP by a bypass transducer connected to EVD e. Continuous monitoring of IVP by a transducer integrated into the EVD 3) Which unit do you use to set the EVD drainage level from the level of the tragus? Maintenance practices and management of VRI 4) How often do you administer an antibiotic prophylaxis for an EVD insertion? In order to screen for VRI occurrence, do you perform periodic and systematic CSF sampling (more than once a week with no clinical sign of infection)? When a VRI has been diagnosed and the patient still needs a continuous CSF drainage, do you systematically change the EVD? a. Yes b. No 7) When the drainage has become impossible (obstructed EVD), which action(s) do you take after checking the tubing, valves and clamps? a. Suction of CSF at the distal stopcock b. Suction of CSF at the proximal stopcock c. Injection of saline solution d. Injection of fibrinolytic agents e. EVD change in case of failure of the previous actions f. Systematic EVD change without any of the previous actions Specific use of EVD in SAH patients 8) Before aneurysm exclusion, which drainage technique do you use? a. Continuous b. Intermittent 9) After aneurysm exclusion, which drainage technique do you use? a. Continuous b. Intermittent 10) Before aneurysm exclusion, when the EVD is opened, at which level from the level of the tragus do you set the drainage (in cmH 2 O)? Just after aneurysm exclusion, when the EVD is opened, at which level do you set the drainage (in cmH 2 O)? EVD weaning phase, when the EVD is opened, at which level do you set the drainage (in cmH 2 O)? In the case of a SAH with an important intraventricular bleeding obstructing the third and fourth ventricles, how often do you administer an intraventricular fibrinolytic therapy? Which item(s) seem incompatible with an EVD weaning trial? a. Persistence of an intracranial hypertension b. Persistence of blood in the sub-arachnoid space on the cerebral CT scan c. Clear drained CSF d. Hematic drained CSF e. High CSF protein concentration f. Persisting high volume of CSF drained 15) Which item(s) do you monitor during the weaning phase? Do you perform a systematic cerebral CT scan before EVD withdrawal? What is the optimal moment after clamping the EVD for performing this cerebral CT-scan? the case of a VRI diagnosis, which attitude do you have after 24 to 48 hours of efficient antibiotic therapy? a. Delayed weaning b. Standard weaning 20) Do you insert a permanent shunt after the first weaning failure? a. Yes b. No 21) In some cases, do you insert a permanent shunt without attempting an EVD weaning trial? a. Yes b. No 22) Before inserting a permanent shunt, do you systematically sample CSF to measure the protein concentration? a. Yes b. No 23) In the case of an EVD weaning failure, which period for inserting a permanent shunt seems appropriateIn the situation where patients do not need sedation for another reason, how often do you perform EVD insertion under local anaesthesia (versus general anaesthesia)? In brain injured patients, which technique of ICP monitoring do you use? Which unit do you use to set the EVD drainage level from the level of the tragus? Intermittent monitoring of IVP by a bypass transducer connected to the EVD cmH2O Intermittent monitoring of IVP by a bypass transducer connected to the EVD cmH2O Continuous monitoring of ICP by a supplemental intraparenchymal transducer mmHg Intermittent monitoring of IVP by a bypass transducer connected to the EVD cmH2O Continuous monitoring of ICP by a supplemental intraparenchymal transducer cmH2O Intermittent monitoring of IVP by a bypass transducer connected to the EVD cmH2O Continuous monitoring of ICP by a supplemental intraparenchymal transducer cmH2O Intermittent monitoring of IVP by a bypass transducer connected to the EVD cmH2O Continuous monitoring of IVP by a transducer integrated into the EVD cmH2O Continuous monitoring of ICP by a supplemental intraparenchymal transducer cmH2O Intermittent monitoring of IVP by a bypass transducer connected to the EVD mmHg Continuous monitoring of ICP by a supplemental intraparenchymal transducer cmH2O Intermittent monitoring of IVP by a bypass transducer connected to the EVD cmH2O Continuous monitoring of ICP by a supplemental intraparenchymal transducer mmHg Continuous monitoring of ICP by a supplemental intraparenchymal transducer cmH2O Intermittent monitoring of IVP by a bypass transducer connected to the EVD cmH2O Continuous monitoring of ICP by a supplemental intraparenchymal transducer cmH2O Intermittent monitoring of IVP by a bypass transducer connected to the EVD cmH2O 19 Never Intermittent monitoring of IVP by a bypass transducer connected to the EVD cmH2O 20 Sometimes Continuous monitoring of ICP by a supplemental intraparenchymal transducer cmH2O 21 Sometimes Intermittent monitoring of IVP by a bypass transducer connected to the EVD mmHg 22 Often Intermittent monitoring of IVP by a bypass transducer connected to the EVD cmH2O 23 Never Intermittent monitoring of IVP by a bypass transducer connected to the EVD cmH2O 24 Never Continuous monitoring of ICP by a supplemental intraparenchymal transducer cmH2O 25 Never Continuous monitoring of ICP by a supplemental intraparenchymal transducer cmH2O

  the potential impact on the prognosis, EVDs are a central topic for randomised controlled trials in neuro-ICUs in the next few years. Once done, French or European recommendations are needed in order to standardise the use of EVDs. 19. Olson DM, Zomorodi M, Britz GW, Zomorodi AR, Amato A, Graffagnino C. Continuous cerebral spinal fluid drainage associated with complications in patients admitted with subarachnoid hemorrhage. J Neurosurg. 2013;119(4):974-980. 20. Klopfenstein JD, Kim LJ, Feiz-Erfan I, et al. Comparison of rapid and gradual weaning from external ventricular drainage in patients with aneurysmal subarachnoid hemorrhage: a prospective randomized trial. J Neurosurg. 2004;100(2):225-229. 21. Widehem R, Bory P, Mas A, et al. Etude échographique du troisième ventricule cérébral chez les patients de neuro-réanimation. Communication orale -59ème Congrès SFAR ; sept 2017.

Supplemental data S2: detailed answers

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 7)When the drainage has become impossible (obstructed EVD), which action(s) do you take after checking the tubing, valves and clamps?

Results:

The response rate was 100%. The majority of institutions used the same conditions for EVD insertion: placement under general anaesthesia (84% of respondents) and no antimicrobial prophylaxis use (84%). However, we found differences in the way to monitor intracranial pressure following EVD insertion: 52% of institutions used a bypass transducer connected on the EVD whereas 44% of them used a supplemental intraparenchymal transducer. We also showed strong EVD weaning was done gradually most of the time (76%) and 92% of institutions performed a systematic CT-scan after EVD clamping.

Conclusion:

From EVD insertion to EVD weaning, we noticed some disparities between institutions concerning EVD management. Given the potential impact on the prognosis, more trials are needed in order to standardize EVD use. 
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