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Abstract

Background: Ventriculostomy-related infection (VRI) is a common complication in patients with 

traumatic brain injury (TBI) treated with an external ventricular drain (EVD). The aim of this 

study was to investigate incidence and characteristics of patients with VRI, and to explore 

diagnostic criteria to confidently rule out VRI in patients with TBI. 

Methods: This retrospective cohort pilot study included adults with severe TBI who were 

admitted to the ICU and received an EVD, during a 26-month period. Patients were categorized as 

having Culture-positive VRI, Culture-negative VRI, or No VRI. Variables that were potentially 

associated with Culture-positive VRI was analyzed, and predictive values were calculated.A
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Results: 75 of 215 patients with severe TBI (35%) underwent EVD placement; nine of these 

(12%) were classified as Culture-negative VRI and eight (11%) as Culture-positive VRI. The CSF 

cell counts that led to VRI treatment were compared with 46 CSF cell counts from No VRI 

patients. A CSF/plasma glucose ratio below 0.6 had a negative predictive value (NPV) for culture-

verified VRI of 0.97 (95% CI: 0.85-1), whereas a combination of three CSF-derived biomarkers 

within the reference limits (white/red blood cell ratio, CSF/plasma glucose ratio, and protein 

content) ruled out Culture-positive VRI in this cohort (PPV 0, 95% CI: 0-0.14). C-reactive protein 

did not reliably predict VRI.  

Conclusions: In this pilot study of patients after severe, a combination of biomarkers within 

reference limits ruled out VRI (PPV 0, CI: 0-0.14). Hypoglycorrhachia was a sensitive marker of 

VRI (NPV 0.97, CI: 0.85-1). Systemic signs and markers of infection did not predict VRI.

Editorial Comment: This retrospective pilot study in TBI patients with ventriculostomy aimed to 

assess predictive value of selected markers for ventriculostomy-related infections. An important 

finding was that systemic signs and markers of infection did not predict VRI.  A limitation is the 

retrospective design and the limited sampling.
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Introduction

Patients with traumatic brain injury (TBI), have a risk of increased intracranial pressure (ICP) due 

to cerebral hemorrhage, edema, or hydrocephalus.1 In the acute phase after TBI, an external 

ventricular drain (EVD) may be placed for diversion of excess CSF.2,3 An EVD provides an 

opportunity for entry of pathogens into the brain ventricles, which increases the risk of 

ventriculostomy-related infection (VRI). VRI is associated with longer hospital stays, less 

favorable discharge outcomes and increased mortality in patients with intracerebral hemorrhage4, 

and other types of acute brain injury.5 Reported case infection rates of VRI in the literature range 

from 0 to 45%5,6; due, at least in part, to varying definitions of VRI.

Several factors render VRI difficult to diagnose in patients with TBI. Common clinical signs of 

central nervous system (CNS) infection, such as fever, neck rigidity, cranial nerve deficits, and 

altered level of consciousness, often occur in patients with severe TBI, due to either the TBI in 

itself or the use of sedatives. Furthermore, CSF pleocytosis, a common biochemical sign of 

neuroinfection, may be induced by the trauma or because of accompanying subarachnoid 

hemorrhage.7 Additionally, biochemical markers of infection in the blood, such as C-reactive 

protein (CRP) and whole-blood WBC, may be due to trauma8 and other nosocomial infections.

The aim of this pilot study was to investigate the incidence and characteristics of VRI in a cohort 

of patients who were admitted to the neuro-ICU at Rigshospitalet, Copenhagen, and who received 

an EVD in the acute phase after severe TBI. Furthermore, we aimed to explore diagnostic criteria 

that would confidently rule out VRI, in order to inform a subsequent validation study.
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Methods

Patients with severe TBI admitted to the neuro-ICU at Rigshospitalet, Copenhagen, Denmark, 

between 5 November 2016 and 1 January 2019 were retrospectively registered in a database for 

quality and research purposes. Medical records were screened retrospectively for placement of an 

EVD within one day after admission. Severe TBI was defined as traumatic brain injury requiring 

sedation and intubation within 24 hours of injury independent of any surgical procedure, or a 

Glasgow Coma Scale (GCS) of 3-8 at the site of the trauma with no other recognized cause for the 

altered level of consciousness. 

The treatment of TBI followed the guidelines from the Brain Trauma Foundation3. Non-coated 

EVDs were used for intraventricular drainage and, in selected patients, intracranial pressure 

monitoring at the discretion of the attending neurosurgeon. The EVD was weaned by gradual 

elevation of the drainage system to increase counter-pressure and was removed or replaced by an 

internal shunt system (typically a ventriculoperitoneal shunt (VP-shunt)) according to the patient’s 

ability to tolerate this increase in counter-pressure or a subsequent trial of drain closure.

All CSF samples were drawn at the discretion of the attending clinicians to diagnose or rule out 

CNS infection, and CSF sampling was not mandatory at EVD placement. Samples were sent to 

microscopy, culture and antibiotic susceptibility testing. 

This study was defined as a quality assurance study (protocol id: 18030137) and was approved by 

the Director of the Neuroscience Centre as well as the Directors of the Departments of 

Neuroanesthesiology, Neurology and Neurosurgery, all at Rigshospitalet. According to Danish 

law, no other approval was necessary.
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Data collection

From medical records we registered: age; gender; body weight; first GCS recorded in the Trauma 

Centre; characteristics of EVD placement and removal; other neurosurgery; type of intracranial 

hemorrhage; Helsinki CT scores; antibiotic treatment for VRI; pre-existing comorbidities; CSF 

WBC, RBC, protein, and glucose; results of CSF cultures; results of blood cultures; and results of 

CSF microscopy. 

For every CSF sample the following data was collected on the same day: CRP; temperature; whole 

blood WBC, red blood cell count (RBC), hemoglobin, and glucose.

Furthermore, the Acute Physiology and Chronic Health Evaluation (APACHE II) score and 

Charlson Comorbidity Index were calculated; though neither APACHE II nor Charlson 

Comorbidity Index are validated in patients with TBI, both scores are frequently utilized to assess 

the severity of acute disease and comorbidity in such patients.9

Terminology

Multiple trauma was defined as injuries beyond the head and brain, i.e. to other parts of the body.

We defined VRI treatment as administration of antibiotics intended for a known or suspected CNS 

infection either while the patient had an EVD in situ or due to a CSF sample drawn while the 

patient had an EVD in situ.

Suspicion of infection was classified as: Culture-positive VRI for patients that were treated for 

VRI and had a positive CSF culture that was not deemed a contaminant (i.e. heavy growth on 

multiple culture media); Culture-negative VRI for those who received treatment intended for VRI, 

but displayed no growth in CSF cultures; No VRI for those who neither received VRI treatment 

nor had positive CSF cultures (Figure 1).

Calculations

The Cell Index (CI) was defined as the WBC/RBC ratio in CSF divided by the WBC/RBC ratio in 

whole blood.10,11 Because whole blood RBC was rarely measured, an approximation formula was 

created based on hemoglobin values, which were measured daily (for derivation, please refer to 

the Supplementum). This approximated CI differed by an average of 2.6% (range 0.010%-A
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10.74%) from the true value in twenty patients who had concomitant measurements of hemoglobin 

and RBC (Supplemental Table 2).

Data analysis

Biomarkers were divided into samples which prompted VRI treatment for patients with Culture-

positive (Figure 1A) and Culture-negative VRI (Figure 1B). All other samples were classified as 

No VRI and thus comprised all samples from patients who were never diagnosed with VRI 

(Figure 1C).

In order to identify thresholds for ruling out VRI, culture-positive samples (Figure 1A) in the 

Culture-positive VRI group were compared with the remaining samples (Figure 1B+C). These 

samples were compared in order to obtain sensitivity, specificity, positive (PPV) and negative 

predictive values (NPV) for both individual and combined criteria.

For this purpose, we defined Pleocytosis as a WBC/RBC ratio >37∙10-3 – this cutoff corresponds 

to >11∙106/L WBC (which defined pleocytosis in a similar study12) divided by the lowest 

detectable concentration of CSF RBC (<300∙106/L). Increased CSF protein was defined as CSF 

protein >0.5 g/L, which is the cutoff of our reporting laboratory. Hypoglycorrhachia was defined 

as a CSF/plasma glucose ratio <0.6.13,14

Data were handled by REDCap (REDCap v9.1.9, Nashville, USA) and Microsoft Excel 

(Microsoft Excel v16.0, Redmond, USA). Analyses were done using R (R version 3.6.1, R Core 

Team 2019, Vienna, Austria). Normally distributed data were presented as mean ± SD, whereas 

non-normally distributed data were given as median (interquartile range, IQR). Comparison 

between groups was done using Mann-Whitney U-test for continuous data, with p-value presented 

after correction for multiplicity using Bonferroni correction. P-values below 0.05 were considered 

significant.
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Results

Seventy-five patients (35%) received an EVD. Eight patients had Culture-positive VRI. One 

patient with Culture-positive VRI received antibiotic treatment twice, first for bacterial and later 

for fungal VRI, both of which were culture-verified. 

The three groups were comparable with regard to gender, age, weight, first recorded GCS, 

presence of multiple trauma, Charlson Comorbidity Index, APACHE II score or basilar skull 

fractures. Both Culture-positive and negative VRI patients had EVD for a longer time than patients 

with No VRI (Table 1, Supplemental Table 1); moreover, treatment in patients with Culture-

positive VRI was started later than in those with Culture-negative VRI (Table 2, Figure 3).

CSF samples

Of the 58 patients in the No VRI group, 28 (48%) did not undergo CSF testing during admission 

(Figure 1 and 2). The remaining 30 patients with No VRI had a total of 60 CSF samples drawn for 

culture and 46 for biochemical analysis. The nine patients with Culture-negative VRI had a total of 

26 samples drawn for culture (21 for biochemical analysis) and the eight patients with Culture-

positive VRI had 40 CSF samples drawn for culture (37 for biochemical analysis).

The first CSF sample was taken an average of eight (range 1-19) days after EVD placement. The 

mean duration of treatment for VRI was eight (SD 4) days. Positive cultures were reported an 

average of two (SD 2; range 0-5) days after sampling and all showed heavy growth on multiple 

culture media. Two of 126 samples grew a microorganism that was classified as a contaminant 

(Gram-positive skin commensal in one of multiple culture media).

Although we observed a large variability in CSF WBC, patients with Culture-positive VRI had 

more marked pleocytosis, whether this was assessed with WBC/RBC or CI, and 

hypoglycorrhachia compared to the other two groups (Figure 4).  

A CSF/plasma glucose ratio above 0.6 had a NPV for Culture-positive VRI of 0.97 (95% CI: 0.85-

1) (Table 3). When the criteria of a WBC/RBC ratio below 37·10-3, a CSF/plasma glucose ratio 

above 0.6, and a CSF protein content below 0.5 g L-1 were combined, none of the eight patients 

with Culture-positive VRI met this combined cutoff, and thus the PPV was 0 (95% CI: 0-0.14).A
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Discussion

In this pilot study, 75 (35%) of patients with severe TBI underwent placement of an EVD, and 

eight (10.7%) of these were treated for VRI due to a positive CSF culture. The incidence is in line 

with what has been previously reported in the literature.4,5,15

Previous studies have shown that the risk of VRI increases with the duration of external 

ventricular drainage,16 which is in agreement with our data. Thus, both patients with Culture-

negative VRI and those with Culture-positive VRI had their EVD for longer, compared to patients 

with No VRI (Table 1). There was no significant difference in time with EVD in situ when 

comparing patients with Culture-positive VRI and those with Culture-negative VRI, probably due 

to the low sample size.

The eight patients with Culture-positive VRI also had the EVD for longer before the diagnosis was 

made, compared to those with Culture-negative VRI (Table 2). The latter appeared to have a fixed 

risk of acquiring the diagnosis between day 4 and 16 with EVD, whereas the risk of Culture-

positive VRI rose from day 12 through 24 (Supplemental Figure 1). Even though one patient with 

Culture-positive VRI was diagnosed after only seven days, these findings may have implications 

for when to suspect VRI in patients with EVD. Seven of the eight patients with Culture-positive 

VRI had the EVD for 14 days or more prior to VRI treatment, compared to only 22% of patients 

with Culture-negative VRI.

Three of nine antimicrobial regimens for Culture-positive VRI were started empirically, and for the 

six patients that started treatment after the culture became positive, the delay was two days on 

average. This highlights the need for better quick diagnostic tools; both because a delay in 

treatment of Culture-positive VRI may worsen the prognosis, because early antimicrobials for 

Culture-negative VRI will increase the risk of resistance development and adverse reactions, and 

because waiting for a negative culture for several days prior to VP shunt placement may increase 

the risk of an intercurrent infection.

Lozier et al. reported an increasing risk of VRI until ten days after EVD placement, followed by a 

rapid decline in infection rates.16 We did not find the same pattern in our population, because 89% 

(8/9) of antibiotic treatments in patients classified as Culture-positive VRI and 56% of the total 

number of VRI treatments were prescribed more than ten days after an EVD was placed. After 22 A
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days with EVD, more than 50% of the patients who still had their EVD in situ were receiving 

treatment for culture verified VRI.

Biomarkers

Patients with Culture-positive VRI had a wide range of WBC/RBC ratios. Even though these ratios 

differed from those of patients with No VRI, three out of nine cases of Culture-positive VRI had 

normal WBC/RBC ratios (<37 ·10-3) at the time of diagnosis. Mayhall et al. reported similar 

findings with four of 18 culture-verified cases of ventriculitis without pleocytosis.12 They also 

found pleocytosis in 23% of their patients without cultures indicating CNS infection. Likewise, in 

our cohort six of the 30 (20%) uninfected patients who had CSF samples drawn had pleocytosis at 

some point. Thus, pleocytosis may indicate VRI, but is not always present, and can be present 

without VRI. Dramatic pleocytosis with WBC/RBC ratios >200·10-3 was found neither in patients 

with Culture-negative nor in those with No VRI, but occured in four of our nine cases of Culture-

positive VRI. A high cutoff in empirical treatment could provide good specificity.

The diagnostic usefulness of CSF protein and CSF glucose ratio is controversial.15 We found CSF 

glucose ratio to be lower in patients with Culture-positive VRI, compared to both patients with 

Culture-negative VRI and No VRI (Figure 4). Additionally, we found hypoglycorhaccia to have 

high sensitivity and a high negative predictive value (Table 3). A few patiens with No VRI were 

transferred from the neuro-ICU to a normal ward, where blood glucose was measured only once a 

day, compared to every 2-3 hours in the neuro-ICU. Because of variation in blood glucose 

throughout the day, this may have produced some outliers in the No VRI group, but not in the VRI 

treated groups; however, we believe that this is unlikely to have influenced our observation, and 

we believe that a low CSF glucose ratio may be a sensitive predictor of VRI.

There was no difference in CRP or WBC in blood between out groups (Figure 4), and thus we are 

confident, that CRP and body temperature does not predict VRI.  

Patients with Culture-negative VRI had values of WBC/RBC ratio, Cell Index, CSF protein and 

glucose ratio between those of patients with No VRI and Culture-positive VRI (Figure 4). No 

pathogen could be found in the CSF of such patients, but because three out of four of the VRI-

treated patients had been treated with broad-spectrum antibiotics intravenously for more than two 

days prior to VRI treatment, some of the cultures could potentially have yielded false negative 

results.A
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Applying Cell Index to our cohort retrospectively to evaluate CSF pleocytosis did not contribute 

meaningful information beyond what was provided by the WBC/RBC ratio. A literature review 

resulted in mixed results as to the usefulness of this measure.10,11,17 In a study of 34 patients with 

either SAH or TBI, Lunardi et al. found that using an absolute cutoff point for Cell Index at 2.9 

had a sensitivity of 95% and a specificity of 92.9% for detecting VRI, with an area under the 

receiver operating curve of  0.982.17 However, when analyzing subgroups, this group was unable 

to draw firm conclusions on patients with TBI alone. In our TBI cohort, 16 of 17 VRI treated 

patients and 24 of 30 uninfected patients had a Cell Index higher than 2.9 at some point. Thus, this 

cutoff point would lead to significant overtreatment if applied to our cohort.

When the three commonly used CSF markers, WBC/RBC ratio, CSF/plasma glucose ratio, and 

CSF protein content were combined, none of the eight patients with Culture-positive VRI had 

reference values of all three markers (Tabel 3). This combined criterion of an ‘all-negative’ CSF 

could potentially be applied to rule out VRI in a few patients, although it should be studied further 

in a prospective design.

Strengths, limitations & implications 

The strengths of this pilot study were the selective inclusion of TBI patients, and the completeness 

of information on each patient. The retrospective design, and that data were not originally 

collected for this study is a major limitation. Another limitation was the patient population, even 

though the choice of TBI patients for the study ensured a homogeneous group. Also, the limited 

sample size and the exploratory nature of the study means that further validation of our findings is 

necessary.
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Conclusions

In this pilot study of TBI patients with EVD, a combination of CSF WBC/RBC ratio, CSF/plasma 

glucose ratio, and CSF protein content within the reference range ruled out culture-verified VRI 

with a PPV of 0 (CI 0-0.14). Hypoglycorrhachia was a sensitive, although nonspecific, marker 

with a NPV of 0.97 (CI: 0.85-1). Fever, CRP and blood WBC, as well as other individual CSF 

biomarkers of inflammation, were of little value for diagnosing or ruling out VRI.
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Table 1 

 

 

No VRI 

(n = 58) 

Culture-negative 

VRI 

(n = 9) 

Culture-positive VRI 

(n = 8) ^ 

Women, n (%) 14 (24%) 1 (11%) 1 (13%) 

Age (years), mean ± SD  49 ± 18 42 ± 20 53 ± 22 

Weight (kg), mean ± SD 74.8 ± 15.4 78.0 ± 10.4 75.3 ± 16.1 

First GCS, median (IQR) [total n] 6 (3-10) [51] 4 (3-6) [8] 5 (3-10) [8] 

Charlson, median (IQR) [total n] 1 (0-3) [57] 0 (0-0) [9] 2 (0-2) [8] 

APACHE II, median (IQR) [total 

n] 

15 (10-18) 

[34] 

15 (14-18) [8] 18 (16-21) [7] 

Survivors, n (%) 39 (67%) 9 (100%) 8 (100%) 

CSF tests, median (IQR) [total 

samples] 

1 (0-2) [60] 3 (2-4) (26) 5 (4-6) (40) 

EVD duration, mean ± SD (days) 10 ± 7 17 ± 5* 22 ± 9* 

 

Demographic characteristics. *P < 0.05, compared to No VRI. n = patients. Charlson, 

Charlson Comorbidity Index. CSF, cerebrospinal fluid. EVD, external ventricular drain. 

GCS, Glascow Coma Scale. IQR, interquartile range. SD, standard deviation. VRI, 

ventriculostomy-related infection.  
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Table 2 

Treatment Culture-negative VRI (n = 9) Culture-positive VRI (n = 9) 

Time to treatment, mean ± SD (days) 9 ± 4 17 ± 6* 

   

Microorganism 

  

Gram positive^ - 67% (6/9) 

Gram negativeϮ - 22% (2/9) 

FungusΨ - 11% (1/9) 

   

Treatment regimen   

Targeted - 67% (6/9) 

Empirical 100% (9/9) 33% (3/9) 

Duration ≥5 days 78% (7/9) 78% (7/9) 

   

Antibiotics 

  

IT vancomycin alone 78% (7/9) 67% (6/9) 

IV meropenem alone - 11% (1/9) 

IV meropenem & IV vancomycin 22% (2/9) - 

IV meropenem & IT gentamycin - 11% (1/9) 

IV liposomal amphotericin B - 11% (1/9) 

   Diagnosis  

Body temperature >38.0° C 67% (6/9) 44% (4/9) 
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CSF cell count 

  

Pleocytosis, WBC/RBC ratio >37/1000 44% (4/9) 67% (6/9) 

Protein >0.5 g/L 55% (5/9) 67% (6/9) 

CSF/plasma glucose <60% 50% (4/8) 89% (8/9) 

High WBC, high protein & low 

glucose 
25% (2/8) 44% (4/9) 

   

CSF Gram stain - microscopy 

  

Positive - 44% (4/9) 

Negative 100% (9/9) 44% (4/9) 

No information - 11% (1/9) 

   

Blood culture 

  

Positive - - 

Negative 100% (9/9) 100% (9/9) 

No information - - 

 

Clinical characteristics of VRI-treated patients. *P < 0.05, compared to Culture-negative 

VRI. ^Streptococcus salivarius et S. mitis (n=1); Staphylococcus epidermidis (n=3); 

Staphylococcus haemolyticus (n=1); Enterococcus faecium and Corynebacterium (n=1). 

ϮEnterobacter cloacae (n=1); Pantoea agglomerans (n=1). ΨCandida albicans (n=1).   n = 

treatments. CSF, cerebrospinal fluid. IT, intrathecal. IV, intravenous. RBC, red blood cell 

count. VRI, ventriculostomy-related infection. WBC, white blood cell count.  A
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Table 3 

Variables Sensitivity 

(95% CI) 

Specificity  

(95% CI) 

PPV  

(95% CI) 

NPV  

(95% CI) 

WBC/RBC ratio 
0.67 

(0.30-0.93) 

0.75 

(0.61-0.85) 

0.30 

(0.12-0.54) 

0.94 

(0.81-

0.99) 

CSF/plasma glucose 

ratio 

0.89 

(0.52-1.00) 

0.62 

(0.48-0.75) 

0.28 

(0.13-0.47) 

0.97 

(0.85-1.0) 

CSF protein 
0.67 

(0.30-0.93) 

0.71 

(0.57-0.82) 

0.27 

(0.11-0.50) 

0.93 

(0.81-

0.99) 

High WBC/RBC ratio 

and high CSF protein 

and low glucose ratio 

0.44 

(0.14-0.79) 

0.93 

(0.82-0.98) 

0.50 

(0.16-0.84) 

0.91 

(0.8-0.97) 

Low WBC/RBC ratio 

and low CSF protein  

and high glucose ratio 

0 

(0.0-0.34) 

0.56 

(0.42-0.70) 

0 

(0.0-0.14) 

0.78 

(0.62-

0.89) 

 

Predictive values of cerebrospinal fluid-derived markers of ventriculostomy-related 

infection for Culture-positive VRI. Cutoff for WBC/RBC ratio: >37·10-3, CSF/plasma 

glucose ratio: <60%, CSF protein: >0.5 g/L. CI, confidence interval. CSF, cerebrospinal 

fluid. NPV, negative predictive value. PPV, positive predictive value. RBC, red blood cell. 

WBC, white blood cell. 
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Figure 1 – Patient classification 

 

 

 

Figure 1: Patient classification – *One patient with Culture-positive VRI had two separate 

episodes of infection. A: Samples from patients with Culture-positive VRI that led to treatment of 

VRI and were positive on CSF culture. B: Samples from patients with Culture-negative VRI that led 

to treatment but did not display growth on CSF culture. C: All samples from No VRI patients that 

neither led to treatment nor displayed growth on CSF culture. CSF, cerebrospinal fluid. EVD, 

external ventricular drain. TBI, traumatic brain injury. VRI, ventriculostomy-related infection. 
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Figure 2 – Status of patients during admission 
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Figure 2: Status of patients during admission – Day 1 is the day of EVD placement. Died: 

Patients who died with their EVD in situ. VP shunt: Patients who had their EVD replaced by a VP 

shunt. EVD removed: Patients who had their EVD removed. EVD: Patients with an EVD not 

receiving VRI treatment. Culture-negative VRI: Patients with EVD who received VRI treatment but 

did not fulfill the CDC criteria. Culture-positive VRI: Patients with EVD who received VRI 

treatment and fulfilled the CDC criteria. CDC, Centers for Disease Control and Prevention. EVD, 

external ventricular drain. VP, ventriculoperitoneal. VRI, ventriculostomy-related infection. 
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Figure 3 - Time of treatment initiation 

 

Figure 3: Time of treatment initiation – Boxplot showing time of VRI treatment initiation. The 

day of EVD placement is defined as Day 1. EVD, external ventricular drain. VRI, ventriculostomy-

related infection. 
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Figure 4 – Biomarkers 
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Figure 4: Biomarkers – Data on Culture-positive VRI and Culture-negative VRI are from those 

CSF tests that led to treatment in patients with Culture-positive VRI or Culture-negative VRI, 

respectively, whereas data on No VRI are from all CSF tests that did not lead to treatment in No VRI 

patients. CRP and Whole-blood WBC were sampled on the same day the CSF. CSF, cerebrospinal 

fluid. CRP, c-reactive protein. EVD, external ventricular drain. RBC, red blood cell count. VRI, 

ventriculostomy-related infection. WBC, white blood cell count. 
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