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INTRODUCTION

External ventricular drains (EVD) are commonly used in neurologic intensive care units (ICU). They allow drainage of cerebrospinal fluid (CSF) and are useful to monitor intracranial pressure (ICP). Despite the frequency of this procedure, complications such as hemorrhage, malposition and infection can occur.

The incidence of ventriculostomy related infections (VRI) ranges from 3 to 23.2% [START_REF] Hoogmoed | Clinical and Laboratory Characteristics for the Diagnosis of Bacterial Ventriculitis After Aneurysmal Subarachnoid Hemorrhage[END_REF][START_REF] Williamson | Predictors of extraventricular drain-associated bacterial ventriculitis[END_REF][START_REF] Mounier | From the skin to the brain: pathophysiology of colonization and infection of external ventricular drain, a prospective observational study[END_REF][START_REF] Bota | Ventriculostomy-related infections in critically ill patients: a 6-year experience[END_REF][START_REF] Lozier | Ventriculostomy-related infections: a critical review of the literature[END_REF][START_REF] Muttaiyah | Clinical parameters do not predict infection in patients with external ventricular drains: a retrospective observational study of daily cerebrospinal fluid analysis[END_REF][START_REF] Schade | Lack of value of routine analysis of cerebrospinal fluid for prediction and diagnosis of external drainage-related bacterial meningitis[END_REF] and factors associated with increased risk of VRI are well known: extended EVD duration, frequent handling of the device and CSF leakage [START_REF] Hoogmoed | Clinical and Laboratory Characteristics for the Diagnosis of Bacterial Ventriculitis After Aneurysmal Subarachnoid Hemorrhage[END_REF][START_REF] Williamson | Predictors of extraventricular drain-associated bacterial ventriculitis[END_REF][START_REF] Mounier | From the skin to the brain: pathophysiology of colonization and infection of external ventricular drain, a prospective observational study[END_REF]. In a recent study, subarachnoid hemorrhage (SAH) seemed to be an independent risk factor of VRI as well [START_REF] Bota | Ventriculostomy-related infections in critically ill patients: a 6-year experience[END_REF].

The diagnosis of VRI is usually based on the association of clinical symptoms, abnormal CSF biological parameters and positive CSF culture [START_REF] Lozier | Ventriculostomy-related infections: a critical review of the literature[END_REF]. But the time to obtain CSF culture results can be source of delay for diagnosis, overuse of antibiotics and in the end, longer hospital length of stay.

Patients with critical SAH often need EVD during their stay to treat acute hydrocephalia and control ICP elevations. However, usual CSF markers (low CSF glucose level, high CSF proteins level and CSF pleocytosis) do not seem appropriate to diagnose VRI in postneurosurgical context and for patients with SAH [START_REF] Lozier | Ventriculostomy-related infections: a critical review of the literature[END_REF][START_REF] Muttaiyah | Clinical parameters do not predict infection in patients with external ventricular drains: a retrospective observational study of daily cerebrospinal fluid analysis[END_REF][START_REF] Schade | Lack of value of routine analysis of cerebrospinal fluid for prediction and diagnosis of external drainage-related bacterial meningitis[END_REF][START_REF] Pfisterer | Early diagnosis of external ventricular drainage infection: results of a prospective study[END_REF][START_REF] Walti | Characteristics of infections associated with external ventricular drains of cerebrospinal fluid[END_REF][START_REF] Citerio | External ventricular and lumbar drain device infections in ICU patients: a prospective multicenter Italian study[END_REF][START_REF] Beer | Nosocomial ventriculitis and meningitis in neurocritical care patients[END_REF][START_REF] Pfausler | Cell index-a new parameter for the early diagnosis of ventriculostomy (external ventricular drainage)-related ventriculitis in patients with intraventricular hemorrhage?[END_REF]. Moreover, clinical signs and blood markers may lack of specificity in the ICU [START_REF] Mounier | Clinical, biological, and microbiological pattern associated with ventriculostomyrelated infection: a retrospective longitudinal study[END_REF][START_REF] Berger | Serum procalcitonin in cerebral ventriculitis[END_REF][START_REF] Martinez | Serum procalcitonin monitoring for differential diagnosis of ventriculitis in adult intensive care patients[END_REF].

Usually, when a CSF sample has abnormal findings, antibiotics are prescribed without waiting for culture results. The most triggering diagnostic question is therefore to discriminate aseptic meningitis and bacterial meningitis. Some studies and meta-analysis suggested that CSF lactate measure could diagnose VRI with good predictive values [START_REF] Laifer | Dynamics of serum procalcitonin in patients after major neurosurgery[END_REF][START_REF] Lewis | Ventriculostomy-related infections: The performance of different definitions for diagnosing infection[END_REF][START_REF] Maskin | Cerebrospinal fluid lactate in post-neurosurgical bacterial meningitis diagnosis[END_REF][START_REF] Leib | Predictive value of cerebrospinal fluid (CSF) lactate level versus CSF/blood glucose ratio for the diagnosis of bacterial meningitis following neurosurgery[END_REF][START_REF] Huy | Cerebrospinal fluid lactate concentration to distinguish bacterial from aseptic meningitis: a systemic review and meta-analysis[END_REF][START_REF] Wong | Use of ventricular cerebrospinal fluid lactate measurement to diagnose cerebrospinal fluid infection in patients with intraventricular haemorrhage[END_REF][START_REF] Li | The diagnostic value of cerebrospinal fluids procalcitonin and lactate for the differential diagnosis of post-neurosurgical bacterial meningitis and aseptic meningitis[END_REF]. Nevertheless, these works were focused on heterogeneous populations and few of them included patients with SAH or patients admitted in ICU. In this specific population, CSF lactate might be useful to diagnose VRI [START_REF] Xiao | The diagnostic value of cerebrospinal fluid lactate for post-neurosurgical bacterial meningitis: a metaanalysis[END_REF].

We tested in this study the diagnosis value of CSF lactate to distinguish aseptic meningitis from bacterial meningitis in patients with SAH and EVD.

MATERIAL AND METHODS

Patients and CSF samples inclusion criteria

We conducted a retrospective transversal study in an academic center in Montpellier. Patients with spontaneous aneurysmal SAH and EVD hospitalized in the neurological ICU from January 2010 to December 2016 were recruited. All patients underwent a computed tomography angiography at admission to confirm SAH caused by aneurysm rupture. EVD were inserted by a neurosurgeon to patients who presented intraventricular hemorrhage with acute hydrocephalia or who were at risk of developing intracranial hypertension.

A CSF sample was systematically collected at EVD placement. Then, CSF samples were only collected in case of VRI suspicion (fever, delayed neurologic impairment, CSF leakage). CSF samples were collected at proximal site of the EVD circuit in high suspicion of VRI but a significant proportion of samples were collected at reservoir bag. All positive CSF cultures associated with abnormal CSF biological parameters were treated with antibiotic therapy for more than 3 days.

We screened all CSF samples made during the ICU stay and excluded samples from patients undergoing an antibiotic therapy within 48 hours before sampling, samples without CSF lactate analysis, or samples from patients with central nervous system infection already diagnosed in the month before inclusion (CSF culture with redundant microorganism identification in ICU or patients with infection diagnosed before ICU admission).

Measures and variables

All bacterial cultures were placed on specific growth mediums for a period of 15 days, microorganism's identification was made using phenotypic biochemical procedures before January 2016 and using MALDI-TOF spectrometer after January 2016.

The following data were recorded for each patient: age, sex, Simplified Acute Physiology Score II (SAPS II), World Federation of Neurosurgeon Scale (WFNS), Fisher score, EVD duration, length of stay and survival in ICU. CSF values of lactate, CSF glucose, CSF proteins, CSF leucocyte count (quantitative measure and qualitative measure) and CSF red cell count were collected. Concomitant plasmatic values of leucocyte count, C-Reactive Protein (CRP) and procalcitonin (PCT) were described when available.

Each CSF sample was classified according to the definition proposed by Lozier et al [5]:

-Normal CSF: Negative CSF culture and normal CSF biological parameters (CSF glucose >0,6g/L and CSF proteins <0,35g/L and CSF leucocytes <10/mm 3 ) -Contamination: Positive CSF culture and normal CSF biological parameters.

-Aseptic meningitis (AM): Negative CSF culture and abnormal CSF biological parameters (CSF glucose ≤0,6g/L and/or CSF proteins ≥0,35g/L and/or CSF leucocytes ≥10/mm 3 ) -Ventriculostomy related infection (VRI): Positive CSF culture associated with abnormal CSF biological parameters resulting in an antibiotic therapy for more than 3 days.

Patients could have multiple diagnosis during their stay but only one CSF sample showing VRI was included per patient (see exclusion criteria above).

Statistical analysis

All patients and samples were described using usual statistics with mean (± standard deviation) or median [interquartile range] according to the data distribution. Differences between VRI and AM groups were tested using a chi square test or a Fisher exact test for categorical variables, and Student's t Test or Wilcoxon Mann-Whitney test for continuous variables. Tests were considered statistically significant at p-value <0.05. 

RESULTS

Descriptive analysis

The flow chart of the study design is shown in Figure 1. Five hundred and sixtyseven CSF samples from 207 patients with SAH and EVD were screened for this study.

Three hundred and fifteen samples were excluded. Hence, 252 CSF samples were analyzed, in 120 patients.

Overall population characteristics are summarized in Table 1. Eighty-three (40%) patients were men. One hundred seventy-one patients (83%) were in poor neurologic condition at admission (WFNS ≥ III).

The mean duration of catheter insertion was 18 ± 10 days, ranging from 1 to 57 days.

Twenty-nine patients (14%) had one or more EVD changes during the stay and 29 (14%) needed ventriculoperitoneal shunt.

Thirty-nine CSF samples were classified as normal, 40 CSF samples as contamination, 147 samples as AM and 26 as VRI (Figure 1). The incidence rate of VRI was 2.09 per 1000 catheter days.

Comparison of VRI and AM groups

Comparison of CSF and plasmatic parameters between the VRI and AM groups is shown in Table 2. Median CSF lactate levels were 3. There was no significant difference regarding CSF glucose (p=0.09), CSF proteins (p=0.58), plasmatic PCT (p=0.12) and plasmatic CRP (p=0.88) between both groups (Table 2).

ROC curves for CSF glucose, CSF proteins and CSF quantitative leucocyte count are shown in Figure 3. AUC was very low for CSF protein and glucose. AUC for CSF leucocytes count was 0.68; IC 95% [0.52-0.82]. For a leucocyte count of >30/mm 3 , sensitivity and specificity for VRI were respectively 69% and 63%.

Microorganism found

We noticed that the proportion of positive CSF cultures raises up from 23.8% (41/172) to 32.5% (26/80) with setting up of MALDI-TOF spectrometer (before/after January 2016).

Microorganisms found in the CSF cultures are described in Table 3 

Association between lactate values and other parameters

Higher lactate values were significantly associated with higher CSF proteins (Spearman's correlation coefficient = 0.52, p<0.01), lower CSF glucose (Spearman's correlation coefficient = -0.19, p=0.01) and higher red cell count (p=0.01) (see Appendix 1 and Appendix 2). CSF leucocyte count and Fisher score at admission were not associated with CSF lactate values (see Appendix 1 and Appendix 3).

DISCUSSION

This study shows that CSF lactate analysis cannot discriminate VRI from AM in patients admitted in ICU with SAH and EVD. We found same conclusions concerning the analysis of CSF proteins, plasmatic CRP and PCT. The only biological parameter that was associated with the presence of VRI was CSF leucocyte count.

The ROC curves show low AUC for each CSF biological parameter analyzed. Considering the AUC for CSF lactate, we thought it would not be statistically pertinent to determine cut off values that wouldn't be useful for clinical practice. These results are not consistent with literature. In a study published in 2008 by Wong et al [START_REF] Wong | Use of ventricular cerebrospinal fluid lactate measurement to diagnose cerebrospinal fluid infection in patients with intraventricular haemorrhage[END_REF] including patients with intraventricular hemorrhage and EVD, CSF lactate permitted to diagnose VRI with a good negative predictive value. A cut-off of 4 mmol/L was used, but the population was small (16 patients). A meta-analysis published in 2016 by Xiong Xiao et al [START_REF] Xiao | The diagnostic value of cerebrospinal fluid lactate for post-neurosurgical bacterial meningitis: a metaanalysis[END_REF] also shown the possible utility of CSF lactate to distinguish bacterial or aseptic meningitis in post-neurosurgical patients, but it reviewed only 5 studies (404 patients) with a significant heterogeneity index and cut-offs values which were determined a priori in 2 of the 5 studies. As compared to our study, the populations were also heterogenous.

To date there is no standard definition of VRI. The literature review from Lewis et al found 16 unique definitions [START_REF] Tunkel | Infectious Diseases Society of America's Clinical Practice Guidelines for Healthcare Associated Ventriculitis and Meningitis[END_REF], which can explain the large range of VRI frequency across studies. For this study we decided to use diagnosis criteria described by Lozier et al [START_REF] Sakushima | Diagnostic accuracy of cerebrospinal fluid lactate for differentiating bacterial meningitis from aseptic meningitis: a meta-analysis[END_REF] which are used in regular practice in our unit. The lack of standard definition and indeed the use of different criteria to diagnose VRI explains the heterogeneity for CSF lactate's results and interpretations in different studies.

According to a recent study [START_REF] Maged | CSF inflammatory response after intraventricular hemorrhage[END_REF], meningitis associated with SAH is a common and normal inflammatory response, unrelated to infection in a majority of cases, and proportional with the volume of spilt blood. This explains why the proportion of patients with AM is high in this population and it makes the diagnosis of VRI challenging before CSF culture shows definitive results. Since normal CSF parameters and contamination do not require any treatment and are easily diagnosed, we decided to focus on the distinction between VRI and AM.

According to B. Venkatesh et al, red cells in CSF cause significant increases in lactate concentrations, and even more when CSF is exposed to air [START_REF] Hall | Interpreting CSF lactic acidosis: effect of erythrocytes and air exposure [online[END_REF]. We suggest that CSF collection from a reservoir bag should be avoided. Moreover, the association between CSF lactate levels and CSF red cells count found in our study should be considered when interpreting lactate in bloodstained CSF. Since our population was exclusively made of people suffering from subarachnoid and intraventricular bleeding, this might explain why we did not find results comparable to previous studies.

In another study by K. Mori et al looking at CSF lactate evolution following SAH in groups with and without vasospasm and excluding patients who had meningitis, CSF lactate was always high at day one and decreased following the pathology evolution, but showed new increase in patients who had vasospasms [START_REF] Mori | Long-term monitoring of CSF lactate levels and lactate/pyruvate ratios following subarachnoid haemorrhage[END_REF]. This should be taken in consideration when interpreting CSF lactate.

Our study has several limits. First, due to its retrospective design there was a significant number of missing data, such as for plasmatic PCT and CRP. But, even if we were not able to show statistical difference between groups for these parameters, they don't seem specific enough of VRI to be used in ICUs. Secondly, a large number of samples were excluded due to antibiotic therapy administered in the 48 hours before sampling. There are many reasons that can lead to antibiotic prescription in ICU, such as aspiration pneumonia related to coma or orotracheal intubation procedure. Third, the lack of a standard definition for VRI can be a limit since different definitions can change the frequency of VRI and the distribution between groups. We believe that there is a real need to find a universal definition of VRI in order homogenize research and to evaluate infection rates in future studies.

CONCLUSION

CSF lactate could not differentiate VRI from AM in patients with SAH and EVD.

The only parameter that showed statistical difference between groups was leucocyte count.

Until now, no usual biological parameter was able to show good enough specificity and sensitivity to diagnose VRI. Cerebrospinal fluid culture remains the gold standard but it still takes notable time to accomplish. Further research needs to focus on new markers or multiple markers correlation to enhance the diagnosis possibilities for this challenging situation. 

  Statistical analyses were used to compare the results between VRI and AM samples. The discriminative ability of different measures for the diagnostic of VRI or AM was assessed using ROC curves. The association between CSF lactate values and other variables along the ICU stay were assessed with Spearman's correlation coefficients for quantitative values or Kruskal-Wallis tests for semi-quantitative values. The association between initial CSF lactate measure (first CSF sample of the ICU stay) and the severity of SAH, was assessed with Wilcoxon Mann-Whitney test.
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 3 7 [2.6-5] mmol/L in the VRI group and 3.3 [2.8-4.5] mmol/L in the AM group, p=0.26. Figure 2 shows these CSF lactate values represented in box plots. There was no significant difference in CSF lactate levels between both groups. The diagnostic ability of CSF lactate to diagnose VRI is shown on the ROC curve in Figure Values of area under curve were low (AUC = 0.57), making the estimation of cut-off values impossible for clinical use. Results for CSF leucocyte count are given in Table 2. Data are shown either as qualitative or quantitative result according to the type of report by the bacteriological laboratory. Proportion of CSF leucocyte count > 10/mm 3 was significantly different between the VRI and AM groups, respectively 76% and 45.4%, p<0.01. Looking at quantitative values, the respective median for CSF leucocyte count were 50 [12.5-97.5] per mm 3 and 10 [2-45] per mm 3 , p=0.02.
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 12 Figure 1: Flow Chart of the study design
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 3 Figure 3: ROC curves for CSF Lactate, CSF Proteins and CSF Glucose

  

  . Far ahead other species, Coagulase Negative Staphylococcus was the most common microorganism responsible for VRI (38.5%) whereas the most common germs in contaminated CSF cultures were Coagulase Negative Staphylococcus (47.5%) and Propionibacterium Acnes

	(27.5%).

Table 1 : Demographic and clinical factors of the 207 patients with subarachnoid hemorrhage and external ventricular drainTable 1 . Patients characteristics
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		Total population (N=	VRI present	VRI
		207)	(N= 26)	absent
				(N=94)
	Age, years	56 ± 12	59 ± 10	57 ± 11
	Men, n (%)	83 (40)	8 (30)	41 (44)
	SAPS II	41 ± 11	40 ± 11	41 ± 11
	WFNS scale, n (%)			
	I	17 (8)	2 (7.5)	10 (11)
	II	19 (9)	4 (16)	6 (6)
	III	12 (6)	2 (7.5)	8 (9)
	IV	76 (37)	12 (46)	35 (37)
	V	83 (40)	6 (23)	35 (37)
	Fisher score, n (%)			
	I	1 (0,5)	0	1 (1)
	II	3 (1,5)	0	2 (2.1)
	III	49 (24)	10 (38)	21 (22.4)
	IV	154 (74)	16 (62)	70 (74.5)
	EVD duration, days	18 ± 10	25 ± 12	20 ± 10
	EVD changes	29 (14)	11 (42)	14 (15)
	during stay, n (%)			
	VPS insertions, n	29 (14)	10 (38)	15 (16)
	(%)			
	CSF samples per	3 ± 2	6 ± 2	2 ± 1
	patient			
	ICU Length of stay,	29 ± 21	36 ± 14	33 ± 21
	days			
	Deaths during stay,	56 (27)	2 (8)	14 (15)
	n (%)			
	The first column describes the entire population screened with subarachnoid hemorrhage and external ventricular
	drain. The second column describes the 26 patients included who presented ventriculostomy related infection and the
	third column describes the 94 patients included who never presented ventriculostomy related infection during their
	stay in the intensive care unit.			
	Data are expressed as mean ± standard deviation. VRI indicated Ventriculostomy related infection, SAPSII, Simplified
	Acute Physiology Score II; WFNS, World Federation of Neurological Surgeons; EVD, External Ventricular Drain;
	VPS, Ventriculoperitoneal Shunt; CSF, Cerebrospinal fluid, ICU, Intensive Care Unit	

Table 2 : Comparison of cerebrospinal fluid and plasmatic parameters between the group with ventriculostomy related infection and the group with aseptic meningitis
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		N =	VRI	AM	p-value
	CSF Parameters				
	CSF Lactate (mmol/L)	173	3.7 [2.6-5]	3.3 [2.8-4.5]	0.26
	CSF Glucose (g/L)	173	0.7 [0.6-0.8]	0.8 [0.8-0.9]	0.09
	CSF Proteins (g/L)	173	0.75 [0.44-1.08]	0.8 [0.45-1.57]	0.58
	CSF leucocyte count	106	50 [12.5-97.5]	10 [2-45]	0.02
	(/mm 3 )				
	CSF leucocytes	155	76% (19/25)	45.4% (59/130)	< 0.01
	>10/mm3				
	Plasmatic Parameters				
	CRP (mg/L)	58	65.1 [14.6-166.3] 46.6 [25.2-84.7]	0.88
	PCT (µg/L)	44	0.41 [0.17-2.36]	0.13 [0.08-0.36]	0.12

Data are expressed as median and interquartile range. Because of the retrospective design some data were missing. VRI indicated Ventriculostomy Related Infections. AM, Aseptic Meningitis. CRP, C-Reactive Protein. PCT, Procalcitonin. CSF, Cerebrospinal Fluid.

Table 3 : Summary of microorganisms found in the 69 positive CSF cultures
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	Microorganism	Contamination	VRI
		(N=42)	(N=27)
	Coagulase Negative Staphylococcus	19 (47.5)	10 (38.5)
	Staphylococcus Aureus	2 (5)	3 (11.5)
	Klebsiella Pneumoniae	1 (2.5)	3 (11.5)
	Pseudomonas Aeruginosa	0	3 (11.5)
	Streptococcus Oralis	0	2 (7.7)
	Propionibacterium Acnes	11 (27.5)	1 (3.8)
	Enterobacterium Cloacae	0	1 (3.8)
	Bacillus Spp	1 (2.5)	1 (3.8)
	Enterococcus Faecalis	3 (7.5)	1 (3.8)
	Enterococcus Faecium	1 (2.5)	0
	Corinebacterium Pseudodiphteriticum	0	1 (3.8)
	Bacillus Horikorsii	1 (2.5)	0
	Micrococcus Spp	1 (2.5)	1 (3.8)
	Acinetobacter Ursingii	1 (2.5)	0
	Non-identified Cocci	1 (2.5)	0

Data are expressed as number of samples and percentage. VRI indicated Ventriculostomy related infections. CSF, Cerebrospinal Fluid. Two CSF samples presented contaminations with 2 different microorganisms. One CSF sample presented VRI with 2 different micro-organisms.
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