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Abstract
Background: The placement of an external ventricular drain (EVD) for monitoring 
and treatment of increased intracranial pressure is not without risk, particularly for 
the development of associated ventriculitis. The goal of this study was to investigate 
whether changes in cerebrospinal fluid (CSF), serum, or clinical parameters are 
correlated with the development of ventriculitis before it occurs, allowing for the 
determination of optimal timing of CSF collection.
Methods: An observational retrospective study was conducted between January 
2006 and May 2012. A total of 466 patients were identified as having an in‑situ EVD 
placed. Inclusion criteria were age >18 years, glasgow coma scale (GCS) 4‑15, 
and placement of EVD for any indication. Exclusion criteria included recent history 
of meningitis, cerebral abscess, cranial surgery or open skull fracture within the 
previous 30 days. A broad definition of ventriculitis was used to separate patients 
into three initial categories, two of which had sufficient patients to proceed with 
analysis: suspected ventriculitis and confirmed ventriculitis. CSF sampling was 
conducted on alternating weekdays.
Results: A total of 466 patients were identified as having an EVD and 123 patients 
were included in the final analysis. The incidence of ventriculitis was 8.8%. Only 
the ratio of glucose CSF: serum <0.5 was found to be of statistical significance, 
though not correlated to developing a ventriculitis.
Conclusions: This study demonstrates no reliable tested CSF, serum, or clinical 
parameters that are effectively correlated with the development of ventriculitis in an EVD 
patient. Thus, we recommend and will continue to draw CSF samples from patients 
with in‑situ EVDs on our current schedule for as long as the EVD remains in place.
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INTRODUCTION

The use of external ventricular drain (EVD) serves a 
dual function in neurosurgical patients. It not only serves 
as a diagnostic monitor to detect elevated intracranial 
pressure (ICP), but also serves a therapeutic role in 
its ability to drain cerebrospinal fluid (CSF) in the 
setting of elevated ICP. While the ICP device is used 
in many neurosurgical patients, including but not 
limited to, those with subarachnoid hemorrhage (SAH), 
intracranial hemorrhage (ICH), or acute hydrocephalus; 
it is not without complications. The most commonly 
noted complication is ventriculitis. Incidence rates vary 
depending on the institution, and range from 0–22%, 
but more commonly tend to lie within the 10–17% 
range.[2,5,10,16,18,21,24,26] The rate of ventriculitis tends to 
be associated with a higher morbidity and mortality for 
the neurosurgical patient.[16,26] Recent improvements in 
sterility techniques, antibiotic‑impregnated catheters, 
and appropriate antibiotic administration have helped to 
decrease the rate of ventriculitis.[16,26]

A literature review by R. Beer et al., spanning 
18 years (1990–2008) confirmed an infection rate within 
the range commonly cited (5–20%), but found that it 
varies considerably from center to center as well as from 
different studies.[3,4] Their analysis further indicated that 
gender, age, duration of EVD, as well as number of CSF 
samples taken from the EVD have all been identified 
as risk factors for the development of ventriculitis in 
previous studies. These studies have shown serious 
consequences of ventriculitis, which can include impaired 
intellectual capacity, prolonged hospital stay, as well as 
death.[11] The overall mortality rate among patients with 
ventriculitis has been reported to be in the 8–70% range, 
with the highest rates reported before the introduction of 
third‑generation cephalosporins.[9]

In a prospective epidemiologic study, Mayhall 
et al.[14] analyzed the risk factors for ventriculitis in 
172 consecutive neurosurgical patients. Their proposal 
stated that infection rates may be lowered by prophylactic 
exchange of catheters at 5‑day intervals. However, a 
decade later, Holloway et al.[10] showed that replacement 
of catheters prior to 5 days did not show a lower infection 
rate as compared to catheters exchanged at intervals of 
5 days or greater. Over time, several approaches have 
been suggested to prevent ventriculitis, such as use of 
prophylactic antibiotics at time of insertion, during the 
first 24 hours post‑insertion, and in a prolonged systemic 
fashion while the EVD is in place.[27] However, there is 
no consistent practice regarding the use of prolonged 
systemic antibiotics with EVD and the preference is 
largely related to tradition and training.[15,27]

Early detection of ventriculitis is imperative for 
successful treatment and for minimizing the possibility 

of future infections.[24] However, the clinical detection 
of ventriculitis can be difficult. For example, a study 
by Muttaiyah et al.[18] determined that there was no 
associated temperature spike with ventriculitis. However, 
CSF glucose levels were notably lower in these patients.

An important consideration in the control of ventriculitis 
is the surveillance of CSF and monitoring for clinical 
symptoms of ventriculitis.[17] Currently, the issues of 
when and how often CSF sampling should be performed 
remains controversial.[17] Routine CSF sampling has 
been reported as daily,[5,17,20,22] every 3–5 days[1,6,25,26] only 
at EVD insertion, or only as clinically indicated.[10,13,28] 
In a study by Williams et al.,[24] investigators sought to 
examine how the incidence of ventriculitis was affected 
by CSF sampling frequency, by decreasing surveillance 
from daily to every 3 days. Their results demonstrated 
that the incidence of ventriculitis decreased from 17% 
to 10.8% after changing CSF surveillance to every 
3 days.[24]

Naturally, one would assume that a breach of the EVD 
drainage system for sampling the CSF would increase 
the risk of contamination and subsequent infection. 
However, this risk must be balanced by the morbidity 
and mortality of ventriculitis, if it remains undetected. 
This is especially important in light of the established 
literature showing the difficulty in clinical detection of 
ventriculitis. Current standard practice at our institution 
is to sample CSF upon insertion of EVD, followed by 
sampling every Monday, Wednesday, and Friday for as 
long as the EVD remains in place. As a result of these 
challenges, we decided to examine whether changes in 
any CSF, serum, or clinical parameters are correlated with 
the development of ventriculitis before it occurs, and if 
the current collection schedule of CSF is necessary.

MATERIALS AND METHODS

The patients included in this study were identified 
during the course of the study using their medical record 
numbers. We performed a retrospective observational 
study of the Neurosurgical Census, for patients with 
in situ EVD from January 2006 to May 2012. A total of 
466 patients were identified. Medical records were then 
used to classify patients by age and gender; the duration of 
EVD, CSF and serum laboratory data, daily temperatures, 
changes in GCS, CSF culture, and the presence of other 
infections. To be included in the study, patients had to be 
18 years or older, have an EVD (regardless of indication), 
and GCS 4‑15. Patients with any recent (defined as 
within the last 30 days) history of meningitis, cerebral 
abscess, craniotomy, or open skull fracture were excluded 
from the study [Figure 1]. Our institution is a Level II 
trauma center. Thus, traumatic brain injury was the 
etiology for the majority of the patients in our study. 
However, there were various other indications for EVD 
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placement, including but not limited to: subarachnoid 
hemorrhage, interventricular hemorrhage, cerebral edema, 
and hydrocephalus. In our opinion and based on our 
experience, once the aforementioned exclusion criteria 
were applied (i.e., history of meningitis, cerebral abscess, 
craniotomy or open skull fracture), the indication for 
EVD placement should not usually correlate with the 
development of ventriculitis.

At our institution, EVDs are placed by standard 
neurosurgical sterile technique in either the operating 
room (OR), the emergency department (ED), or in the 
intensive care unit (ICU), and are then connected to a 
sterile closed circuit system. Since the indication for 
most of these EVDs was emergent, the setting could 
have been anywhere in OR, ED, or ICU. However, 
since an institutional protocol is established, the best 
effort is made to follow the standard sterile technique 
regardless of location. Therefore, in our opinion and 
given the standard placement protocol that is followed, 
the patient’s physical location in the hospital should 
not significantly affect the risk for the development of 
ventriculitis.

Antibiotic‑impregnated catheters were not available at our 
institution during the study time period. However, based 
on recent literature, antibiotic‑impregnated catheters 
do appear to decrease the rate of ventriculitis.[8] For 
this study, uniformity of collected data was paramount, 
and thus all ventriculostomy catheters included here 
were non‑antibiotic impregnated Integra trauma 
catheters.[7,15,16,23] After the EVD has been sutured into 
place, a BioPatch is placed where the catheter exits the 
skin and a Tegaderm is placed to cover the BioPatch 
and catheter. As per standard neurosurgical protocol, a 
non‑contrast Computerized Tomography (CT) scan was 
obtained after placement to rule out hemorrhage caused 
by placement and to confirm satisfactory placement of 
the catheter.

In regards to patients with an EVD, per current 
institutional protocol for the Department of Neurosurgery, 
CSF samples are drawn every other day during the 
week (i.e., Monday, Wednesday, Friday) for as long as the 
EVD remains in place. CSF samples are drawn solely by 
the neurosurgery residents or attending physicians. Our 
collection procedure was performed per institutional 
protocol developed by the neurosurgery department. 
Significant increase in the cytology number has been 
observed at our institution when CSF is collected more 
distally or from the drainage burette. Therefore, collection 
is performed in the following manner and in a sterile 
fashion in order to minimize infection risk to the patient. 
The stopcock just distal to the catheter insertion site is 
turned off from the drainage system and the proximal 
port is cleaned with chlorahexidine twice. A sterile syringe 
is connected to the port and 3–5 ml of CSF is slowly 
withdrawn and then discarded. The port is then cleaned 
a second time and another 3–5 ml of CSF is withdrawn, 
and sent for culture and analysis using standard methods.

For patients in our study, the aforementioned laboratory 
and clinical parameters were collected on the day of EVD 
placement (“day 0”). Additionally, the following data 
was collected on the day of EVD placement (“day 0”), 
as well the day prior (“day 1”) and 2 days prior (“day 2): 
serum white blood cells (WBC), temperature, GCS, and 
cultures from other bodily sources (including sputum, 
nasal, urine, blood, neck, or tracheostomy). The schema 
for the time‑based collection of all laboratory and clinical 
data can be found in Table 1.

To define ventriculitis, we used the criteria proposed by 
Lozier et al.,[12] including fever (≥38.5°C, with/without 
clinical signs of meningitis), associated with at least 
one positive CSF culture and at least one element of 
CSF abnormality, including low CSF glucose levels 
(<40 mg/dl, or <50% of serum glucose in patients with 
hyperglycemia), high CSF protein (>100 mg/dl), or CSF 

Figure 1: The criteria for patient selection, as well as the number 
of patients that were included in the study

Table 1: Schema showing the timeline of data collection 
on the day of CSF draw (Day 0), and previous two days

Timeline of data collection

Day ‑2 (2 days prior 
to CSF collection)

Day ‑1 (1 day prior 
to CSF collection)

Day 0 (day of CSF 
collection)

WBCSerum WBCSerum WBCSerum

Temperature Temperature Temperature
GCS GCS GCS
Culture of other bodily 
sources

Culture of other 
bodily sources

Culture of other bodily 
sources
CSF culture
CSF protein level
Ratio GlucoseSerum: 
GlucoseCSF

Ratio WBCCSF: RBCCSF



Surgical Neurology International 2017, 8:137 http://www.surgicalneurologyint.com/content/8/1/137

pleocytosis (>100/mm3). In addition, we also looked at 
the ratio of CSF glucose to serum glucose (<0.5) and 
the ratio of WBC in the CSF to red blood cells (RBC) in 
the CSF (>1:250).

Patients were broadly divided into three categories: No 
ventriculitis, suspected ventriculitis, and confirmed 
ventriculitis. A CSF culture with the growth of any 
organisms denoted confirmed ventriculitis. In the absence 
of any organisms, the previously mentioned criteria from 
Lozier et al.[12] were used to denote suspected ventriculitis: 
CSF glucose to serum glucose ratio <0.5, CSF WBC 
to RBC ratio >1:250, and CSF protein >100 mg/dL 
[Figure 2]. Patients who did not meet all of these criteria, 
or did not have any organisms present on CSF culture 
were placed into the no ventriculitis group.

Statistical analysis
All statistical analyses were conducted using the SAS 
software for Windows version 9.3 (Cary, NC). Descriptive 
statistics were presented as means and standard 
deviations for continuous variables (for example, age), 
and frequencies and percentages for categorical variables. 
Crosstab analyses were conducted to identify the 
association between two categorical variables using the 
Chi‑square test or Fisher’s exact test if the expected cell 
count does not meet the assumption. Given the small 
count in the suspected ventriculitis (N = 4), this category 
was excluded from the analysis. This was done to prevent 
any crossover contamination of the data by the suspected 
ventriculitis group into the other two groups (confirmed 
& no ventriculitis). These two groups are essentially 
positive and negative for ventriculitis, respectively, and the 
intermediate suspected ventriculitis group does not clearly 
belong in either one based on established criteria in the 

literature.[12] Independent t‑test was adopted to analyze 
whether there is a statistically significant difference 
between patients with and without ventriculitis. All 
statistical tests were two‑sided. P value <0.05 was 
considered to be statistically significant.

RESULTS

A total of 123 were included in the final analysis. The 
majority of these patients were males (N = 87, 70.7%) 
with the average age being 48.8 ± 17.2 years. A total of 
10 (8.1%) patients diagnosed with ventriculitis, 4 (3.3%) 
with suspected ventriculitis, and 109 (88.6%) without 
ventriculitis were identified in this sample [Table 2].

Crosstab analyses were conducted using the Fisher’s exact 
test [Table 3]. The suspected ventriculitis patients were 
excluded due to the extremely small sample size (N = 4). 
These patients were not included in either of the other 
two categories, since they did not clearly belong in either 
the confirmed group or the no ventriculitis group based 
on well‑established criteria in the literature.[12] Regardless 
of the sampling time frame (2 days ago, 1 day ago, or 
0 day ago), temperature >100.4F or WBC >11,000 
or decline in GCS by two or more points, were not 
associated with the ventriculitis status.

However, despite the lack of statistically significance 
(P = 0.0866), patients who were diagnosed with 
ventriculitis were twice as more likely to have a WBC 
to RBC ratio >1:250 (40% vs 16.5% for ventriculitis and 
no ventriculitis cohort, separately). Similarly, patients 
who were diagnosed with ventriculitis were twice as 
likely to have CSF Glucose <0.5 serum (50% vs 21.2% 
for ventriculitis and no ventriculitis cohort, separately). 
Lastly, using glucose as a continuous variable, patients 
with ventriculitis had statistically significant lower 
concentration of glucose than the counterpart (0.48 
and 0.62 for ventriculitis and no ventriculitis cohort, 
separately, P = 0.0298) [Table 4].

Crosstab analysis of ventriculitis status with respect 
to fever greater than 100.4°F did not show statistical 
significance, regardless of day of collection. A temperature 
greater than 100.4°F 2 days prior to CSF collection, one 
day prior to collection, and on the day of collection 
resulted in respective P values of 1.000, 0.600, and 
0.639 [Table 3]. Leukocytosis was also not statistically 

Figure 2: Illustrates the criteria that were used to place patients 
into one of three categories

Table 2: Demographic breakdown of all patients with respect to their ventriculitis status

No ventriculitis n=109 Confirmed ventriculitis n=10 Suspected ventriculitis n=4 All patients combined n=123 P

Age (years) 
mean±SD

48.64±17 45.5±16.41 60.75±25 48.78±17.22 0.5759

Sex
M 79 (72.5%) 5 (50%) 3 (75%) 87 (70.7%) ‑
F 30 (27.5%) 5 (50%) 1 (25%) 36 (29.3%)
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Table 3: Summary of crosstab analysis results with respect to temperature, white blood cell count, and GCS

Crosstab analysis of temperature with ventriculitis status

No ventriculitis 
n=109

Confirmed 
ventriculitis n=10

Suspected 
ventriculitis n=4

All patients 
combined n=123

P

Temp >100.4°F 2 days prior to CSF collection
Yes 11 (18%) 1 (10%) 1 (25%) 13 (17.3%) 1.000
No 50 (82%) 9 (90%) 3 (75%) 62 (82.7%)

Data Unavailable 48 ‑ ‑ 48
Temp 100.4°F 1 day prior to CSF collection

Yes 11 (13.1%) 0 (0%) 1 (25%) 12 (12.2%) 0.6001
No 73 (86.9%) 10 (100%) 3 (75%) 86 (87.8%)

Data Unavailable 25 ‑ ‑ 25
Temp >100.4°F on day of CSF collection

Yes 14 (14.1%) 2 (20%) 0 (0%) 16 (14.2%) 0.639
No 85 (85.9%) 8 (80%) 4 (100%) 97 (85.8%)

Data Unavailable 10 ‑ ‑ 10

Crosstab analysis of serum white blood cell count with ventriculitis status

No ventriculitis 
n=109

Confirmed 
ventriculitis n=10

Suspected 
ventriculitis n=4

All patients 
combined n=123

P

WBC >11,000 2 days prior to CSF collection
Yes 55 (68.8%) 5 (50%) 2 (50%) 62 (66%) 0.2915
No 25 (31.3%) 5 (50%) 2 (50%) 32 (34%)

Data Unavailable 29 ‑ ‑ 29
WBC >11,000 1 day prior to CSF collection

Yes 65 (62.5%) 6 (60%) 3 (75%) 74 (62.7%) 1.000
No 39 (37.5%) 4 (40%) 1 (25%) 44 (37.3%)

Data Unavailable 5 ‑ ‑ 5
WBC >11,000 on day of CSF collection

Yes 61 (56%) 6 (60%) 4 (100%) 71 (57.7%) 1.000
No 48 (44%) 4 (40%) 0 (0%) 52 (42.3%)

Data Unavailable ‑ ‑ ‑ ‑

Crosstab analysis of Glasgow Coma Scale with ventriculitis status

No ventriculitis 
n=109

Confirmed 
ventriculitis n=10

Suspected 
ventriculitis n=4

All patients 
combined n=123

P

GCS decline >2 between day of CSF 
collection & 2 days prior

Yes 43 (41.4%) 5 (50%) 3 (75%) 51 (43.2%) 0.7402
No 61 (58.7%) 5 (50%) 1 (25%) 67 (56.8%)

Data Unavailable 5 ‑ ‑ 5

significant, regardless of day of collection. In fact, WBC 
greater than 11,000/µL that occurred 2 days prior to CSF 
collection, one day prior to collection, or even on the 
day of collection resulted in respective P values of 0.292, 
1.000, and 1.000 [Table 3]. In addition, a GCS decline 
of 2 points or greater, between the day of CSF collection 
and 2 days prior to collection failed to show statistical 
significance [Table 3]. Lastly, CSF protein levels greater 
than 100 mg/dL also did not show statistical significance 
with respect to ventriculitis status [Table 4].

With respect to microbiology in our patient population, 
Coagulase‑negative staphylococci (including Staphylococcus 

epidermidis) was found to be the most common organism 
isolated from positive CSF cultures, occurring approximately 
53% of the time. Additional organisms isolated 
included Corynebacterium species, methicillin‑resistant 
Staphylococcus aureus, Propionibacterium acnes, Enterobacter 
aerogenes, and Cryptococcus neoformans.

Only one of our criteria for the diagnosis of ventriculitis, 
the ratio of glucose in the CSF: serum proved to be 
statistically significant when this ratio is less than 0.5 or 
1:2 (P = 0.0298). Approximately 21% of patients without 
ventriculitis had a glucose CSF: serum ratio <0.5, 
as compared to 50% of patients with confirmed 
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ventriculitis. While statistically significant, this was 
not found to be a correlated with the development of 
ventriculitis (P = 0.0539). It was noted that patients who 
were diagnosed with ventriculitis were twice as likely to 
have a glucose CSF: serum ratio of less than half.

DISCUSSION

Our study sought to investigate the presence of the 
aforementioned CSF, serum, and clinical parameters 
that may be correlated with the development of 
ventriculitis before it occurs; thereby allowing for 
the determination of an optimal CSF surveillance 
schedule. Our study population consisted mostly of 
intubated and sedated ICU patients who presented 
a challenge for evaluation of clinical symptoms and 
signs of ventriculitis. In addition, evaluation of any 
new focal neurological symptoms or change in mental 
status in our patient population proved difficult, thus 
necessitating the use of additional parameters for 
detection of ventriculitis. In our study, the incidence 
of ventriculitis was determined to be 8.8% overall. This 
was found to be slightly lower than the established 
literature values.[2,5,10,16,18,21,24,26] The rates of ventriculitis 
have a wide range in the established literature, which 
is likely due to the variety of definitions used for 
ventriculitis along with different CSF collection 
techniques. The importance of being able to diagnose 
ventriculitis as early as possible is critical for the 
treatment of the infection as well as mitigating the 
morbidity and mortality associated with it.

Upon further investigating additional criteria for 
suspected ventriculitis, the ratio of CSF WBC: RBC 
had inconsistent findings. As noted in Table 4, our 
patients with confirmed ventriculitis were over twice 

as likely to have a ratio above 1:250, when compared to 
patients without ventriculitis. Pfausler et al.[19] reported 
an ability to diagnose ventriculitis up to 3 days prior 
to conventional diagnosis (positive CSF culture) by 
calculating the ratio of leucocytes to erythrocytes in 
CSF and leucocytes to erythrocytes in the peripheral 
blood, which they defined as the cell index (CI). 
However, Pfisterer et al.[20] suggest that an upward trend 
in CSF leukocytosis should lead the physician to be 
suspicious of a contamination. As shown in Table 4, 
our study found a marginally significant association 
between the CSF, WBC: RBC ratio, and diagnosis of 
ventriculitis (P = 0.0866).

While the levels of protein in the CSF have classically 
been a valuable indicator, care must be taken when 
looking at mean values for this parameter. As Table 4 
indicates, our mean CSF protein value for all patients 
combined is 184.27 mg/dL with a standard deviation of 
296.04. The mean protein value for all 3 categories is 
similarly high (all above 100 mg/dL), with large standard 
deviations. This is a result of several outlying values, 
which have skewed the mean value for this parameter. Out 
of 123 patients combined, 12 patients had CSF protein 
levels of >500 mg/dL and five of these were greater 
than 1000 mg/dL, which causes a misleading elevation 
in our mean values for this parameter (as reflected in 
the large standard deviation). Although we feel most 
of these outliers were likely due to contamination of 
the CSF sample with tissue debris, we have shown the 
mean and standard deviation nonetheless for statistical 
completeness.

We acknowledge that this was a retrospective 
observational study, and with that comes certain 
limitations. The exact timing of temperature and of GCS 
documentation to match with one and 2 days prior to 

Table 4: Summary of crosstab analysis results of CSF parameters with respect to ventriculitis status

Crosstab analysis of CSF parameters with ventriculitis status

No ventriculitis 
n=109

Confirmed ventriculitis 
n=10

Suspected ventriculitis 
n=4

All patients 
combined n=123

P

WBCCSF : RBCCSF >1:250
Yes 18 (16.5%) 4 (40%) 4 (100%) 26 (21.1%) 0.0866
No 91 (83.5%) 6 (60%) 0 (0%) 97 (78.9%)

mean±SD 0.0032 (1:310)
±0.0010

0.0034 (1:290)
±0.0013

0.0055 (1:180)
±0.0011

0.0033 (1:300)
±0.0012

0.5517

CSF protein >100 mg/dL
Yes 43 (39.5%) 2 (20%) 4 (100%) 49 (39.8%) 0.3156
No 66 (60.6%) 8 (80%) 0 (0%) 74 (60.2%)

mean±SD 178.99±297.4 141.7±264.09 434.5±283.14 184.27±296.04 0.7027
GlucoseCSF : GlucoseSerum <1:2 (0.5)

Yes 23 (21.1%) 5 (50%) 4 (100%) 32 (26%) 0.0539
No 86 (78.9%) 5 (50%) 0 (0%) 91 (74%)

mean±SD 0.62±0.18 0.48±0.25 0.33±0.16 0.59±0.2 0.0298
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onset of ventriculitis was difficult to verify and sometimes 
unavailable. In addition, even though a standard 
sterile neurosurgical technique was mandated for CSF 
collection, human error is always a factor. We feel this 
may have been reflected in the outlying CSF protein 
values >500 mg/dL. We also recognize that the patient 
population with ventriculitis was small and therefore 
limited our statistical analysis. We propose a continuation 
of this study in a prospective manner that will allow 
for more meticulous documentation and collection of 
necessary data points. We aim to look at additional 
parameters at various intervals to see if they would be 
more reliably correlated with the onset of ventriculitis in 
patients with in‑situ EVDs, thus allowing for the optimal 
timing of CSF collection in these patients.

CONCLUSION

We feel confident that this study demonstrates no reliable 
CSF, serum, or clinical parameters that are effectively 
correlated with the development of ventriculitis in an 
EVD patient. As shown in Table 1, we examined a variety 
of CSF parameters, including the presence of organisms, 
protein, glucose, and ratios of WBC to RBC. We also 
included other factors such as the presence of organisms 
at other sites (non‑CSF), temperature, a decline in GCS 
as well as WBC in the serum. These parameters were 
collected and studied for up to two days prior to the day 
of CSF collection. While the mean ratio of glucose in the 
CSF was shown to be statistically significant, at a value 
of less than 1:2, this parameter failed to show a statistical 
difference between ventriculitis vs. non‑ventriculitis 
patients (P = 0.0539).

In conclusion, we found that the various CSF, serum, 
and clinical variables that we studied were not reliably 
correlated with the development of ventriculitis. In 
the future, we plan on carrying this study forward in a 
prospective manner to help us determine the optimal 
timing of CSF collection for patients with in‑situ 
EVDs. At this time, the results from our study do not 
invalidate our departmental protocol of CSF collection 
in monitoring of ventriculitis. Thus, we will continue to 
draw CSF samples on patients with in‑situ EVDs on our 
previously established schedule of Monday/Wednesday/
Friday for as long as the EVD remains in place.
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