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The first historically documented ventriculostomy 
by Wernicke was performed in 1744.1 After more 
than 2 centuries, ventriculostomy remains an es-

sential procedure in neurosurgery practice, with an esti-
mated 20,000 external ventricular drains (EVDs) inserted 
annually.2 It is a crucial, lifesaving, simple procedure that 
can be performed at the bedside or in the operating room. 
EVD placement has a wide array of indications, including 

acute hydrocephalus, intracranial pressure (ICP) moni-
toring, posterior fossa surgeries, and administration of 
intraventricular antibiotics.3 Although it is a simple pro-
cedure, it carries serious complications that can markedly 
aggravate neurological outcome, morbidity, mortality, and 
hospital stay.4 Infection control remains a significant con-
cern, with current reported infection rates varying from 
0% to 45% across studies.5,6 Disparities have been attrib-
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OBJECTIVE External ventricular drain (EVD) placement is a common neurosurgical procedure. While this procedure 
is simple and effective, infection is a major limiting factor. Factors predictive of infection reported in the literature are not 
conclusive. The aim of this retrospective, single-center large series was to assess the rate and independent predictors of 
ventriculostomy-associated infection (VAI).
METHODS The authors performed a retrospective chart review of consecutive patients who underwent EVD placement 
between January 2012 and January 2018.
RESULTS A total of 389 patients were included in the study. The infection rate was 3.1% (n = 12). Variables that were 
significantly associated with VAI were EVD replacement (OR 10, p = 0.001), bilateral EVDs (OR 9.2, p = 0.009), duration 
of EVD placement (OR 1.1, p = 0.011), increased CSF output/day (OR 1.0, p = 0.001), CSF leak (OR 12.9, p = 0.001), 
and increased length of hospital stay (OR 1.1, p = 0.002). Using multivariate logistic regression, independent predictors 
of VAI were female sex (OR 7.1, 95% CI 1.1–47.4; p = 0.043), EVD replacement (OR 8.5, 95% CI 1.44–50.72; p = 0.027), 
increased CSF output/day (OR 1.01, 95% CI 1.0–1.02; p = 0.023), and CSF leak (OR 15.1, 95% CI 2.6–87.1; p = 0.003).
CONCLUSIONS The rate of VAI was 3.1%. Routine CSF collection (every other day or every 3 days) and CSF collection 
when needed were not associated with VAI. The authors recommend CSF collection when clinically needed rather than 
routinely.
https://thejns.org/doi/abs/10.3171/2020.2.JNS192051
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uted to marked methodological differences, variability in 
definitions of infection, and sporadic use of antibiotics 
that often suppress detection of infection. Unfortunately, 
although numerous techniques, medications, and proto-
cols have been used to reduce ventriculostomy-associated 
infection (VAI), the risk of VAI has been persistent; ac-
cording to a retrospective review of 38,163 subjects, 7.3 
per 100 patients experienced VAI.7 On the other hand, we 
previously reported that the use of impregnated catheters 
supplemented by a standardized, evidence-based protocol 
for placement and maintenance of ventriculostomies re-
duced the rate of EVD infection from 6.7% to 0.9%.8 To 
reduce the infection rate, the Neurocritical Care Society 
published recommendations for standardizing the care 
and achieving evidence-based practice in 2016.9 The pri-
mary aim of this study was to identify the predictors and 
incidence of VAI in a large sample.

Methods
Patient Population

Consecutive patients who underwent placement of an 
EVD between January 2012 and December 2018 were en-
rolled in our study. A retrospective chart review for baseline 
characteristics, indication for EVD placement, treatment 
characteristics, and development of VAI was performed. 
The institutional review board approved the study design, 
and consent was waived due to the retrospective nature of 
the study. A database of all patients who had a ventriculos-
tomy procedure was maintained for quality purposes.

Definitions and Exclusion Criteria
VAI was defined as fever (38°C for 30 minutes or 

38.3°C) at least 24 hours after EVD placement associated 
with CSF leukocytosis > 10 cells/mm3 (500 red blood cells 
equivalent to 1 white blood cell), increased proteins (> 50 
mg/dl), and decreased glucose (< 50% of serum glucose) 
with positive CSF culture. To differentiate colonization 
from infection, an infection was determined when the 
Gram stain of the original CSF sample that produced a 
finding was consistent with the organism cultured in ad-
dition to the aforementioned criteria. Treatment is em-
pirically started after CSF collection, and based on the 
bacteriology results, antibiotics were tapered accordingly. 
Exclusion criteria were age younger than 1 year, a sys-
temic infection prior to or during EVD placement, CNS 
infection before or during EVD insertion, death within 5 
days of ventriculostomy insertion, EVD inserted at an out-
side hospital, prior CSF leak, and an open scalp laceration.

EVD Insertion and Maintenance
All EVD insertions were performed using standard ster-

ile precautions in the operating room, angiography suite, 
emergency department, or neurology intensive care unit 
(NICU). All individuals received an antibiotic-impreg-
nated catheter (AIC; Bactiseal ventricular catheter coated 
with 0.15% clindamycin and 0.054% rifampicin; Codman, 
Johnson & Johnson Co.). The EVD was introduced at a 
location approximately 1 cm anterior to the coronal suture 
in the midpupillary line. All patients who underwent EVD 
placement in the operating room received antibiotic pro-

phylaxis with intravenous cefazolin for 24 hours unless the 
patient had a penicillin allergy, in which case intravenous 
vancomycin was utilized. For procedures performed in lo-
cations other than the operating room, antibiotics were not 
routinely administered. The EVD was not replaced unless 
it became dislodged or obstructed. It was inspected daily 
by the neurosurgical team for evidence of CSF leak and 
infection at the insertion site. Sampling and analysis of 
CSF were performed using standard aseptic techniques 
according to two protocols in a chronological order either 
routinely (once every other day or once every 3 days) or 
more recently when clinically relevant. Such analysis in-
cluded cell count with differential, glucose, protein, Gram 
stain, and culture. The CSF output was recorded per hour, 
and the burette was emptied when it was full. The collect-
ing bag was emptied only when it was full. The closed 
system was never breached except during CSF sampling 
and delivery of intrathecal drugs and when the system was 
obstructed. In case of system obstruction, a trial of flush-
ing was performed in a standard aseptic technique using 
normal saline to relieve the obstruction, and only when 
this failed was the catheter exchanged.

Data Collection
Inpatient progress notes, operative notes, outpatient 

notes, laboratory data, and radiological images were 
evaluated for each patient. Variables collected for EVD-
treated patients were baseline demographics (age, sex, 
and race), diagnosis, indication, surgical procedure (time 
of insertion, location, and duration of surgery), duration 
of placement, location of EVD insertion (operating room, 
NICU, or emergency department), intrathecal drug deliv-
ery, timing of insertion (6:00–17:59 vs 18:00–5:59), EVD 
CSF output/day (mean CSF output was calculated by add-
ing the daily CSF output for the total duration divided by 
the number of days), presence of CSF leak, frequency of 
CSF sampling (number of CSF samples/infection-free 
total EVD placement duration), EVD replacement, other 
surgical or interventional procedures, length of hospital 
stay, steroid intake, and causative organism. CSF output 
was recorded per hour and per 12 hours by the care team. 
The average CSF output/day over the entire EVD duration 
was collected. A CSF leak was documented by the neu-
rosurgical team in the medical charts and was considered 
present if the team observed CSF leaking from the wound 
or around the catheter. As mentioned above, the ventricu-
lar catheter was only replaced if it became dislodged or 
was obstructed. The replacement catheter was placed at 
the same location to avoid a new incision. In patients who 
developed a VAI, CSF output and CSF sampling were col-
lected only during the infection-free period. Also, the fre-
quency of CSF sampling for VAI patients was calculated 
according to the infection-free period the EVD was main-
tained, rather than the total EVD duration.

Statistical Analysis
Data were analyzed using statistical software (Stata SE 

14.2, StataCorp). All patients were included in both the 
univariate analysis and multivariable regression analysis. 
Univariate analysis of discrete data, including a compari-
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son of secondary outcomes of infection rate, was per-
formed using relevant chi-square analyses. Parametric de-
pendent variables were analyzed using t-tests. Predictors 
of primary outcome of infection were evaluated through 
multivariable logistic regression analyses. Relevant vari-
ables were included in the model as predictors of VAI and 
as potential confounders. Odds ratios and 95% CIs were 
used to measure the strength of associations. All hypoth-
eses were tested at an alpha = 0.05 level of significance.

Results
Of 767 patients who underwent ventriculostomy place-

ment between 2012 and 2018, 389 patients were included 
in the analysis; 378 patients were excluded from the study 
population because of death within 5 days of ventricu-
lostomy insertion, the presence of prior CNS infection or 
systemic infection, or EVD insertion at an outside hospi-
tal. The VAI rate was 3.1% (n = 12) (Fig. 1). There were 
7 cases (58.3%) of gram-negative species, 4 (33.3%) of 
gram-positive species, and 1 (8.3%) of Candida species 
(Table 1 and Fig. 2).

Baseline Characteristics
A comparative analysis was performed between the in-

fection group (those who developed a VAI) and the control 
group. There was no significant difference in mean age 
between the groups (51.1 ± 16.3 [95% CI 40.7–61.5] vs 
56.7 ± 15.6 [95% CI 55.1–58.3] years, p = 0.163). The fol-
lowing variables were not significantly different between 
the groups: sex (female sex: 9 [75%] vs 206 [54.6%], p 
= 0.163), diabetes mellitus (2 [16.6%] vs 73 [19.3%], p = 
0.816), procedural intervention (10 [83.3%] vs 323 [85.7%], 
p = 0.820), and steroid intake (3 [25.0%] vs 107 [28.4%], 
p = 0.798). The length of hospital stay was significantly 

longer in the infection group by a mean of 10 days (27.6 ± 
17.6 [95% CI 16.4–38.7] vs 17.4 ± 9.4 [95% CI 16.5–18.4] 
days, p = 0.001) (Table 2).

EVD-Related Variables
A comparative analysis was performed between the in-

fection group and control group. EVD replacement was 
observed in a significantly higher proportion in the infec-
tion group (5 [41.6%] vs 25 [6.6%], p = 0.001). Similarly, 
having bilateral EVDs was observed at a significantly 
higher proportion in the infection group (2 [16.7%] vs 8 
[2.1%], p = 0.002). Duration of EVD placement was sig-
nificantly longer in the infection group by a mean of 5 
days (15.5 ± 6.0 [95% CI 11.9–19.8] days vs 10.3 ± 6.0 
[95% CI 9.7–10.9] days, p = 0.008). CSF leak (4 [33.3%] 
vs 14 [3.7%], p = 0.001) and mean CSF output/day (168.6 
± 101.7 [95% CI 100.2–236.9] ml/day vs 92.2 ± 63.2 [95% 
CI 85.7–98.6] ml/day, p = 0.001) were both significantly 
higher in the infection group. Time of placement (daytime 
vs nighttime, p = 0.616), location of placement (operating 
room vs NICU, p = 0.631), elevated opening pressure (p = 
0.267), mean ICP (29.2 ± 7.3 [95% CI 21.6–36.8] cm H2O 
vs 28.0 ± 7.7 [95% CI 26.7–29.3] cm H2O, p = 0.715), mean 
number of CSF collections (3.5 ± 3.4 [95% CI 1.4–15.7] vs 
4.7 ± 3.6 [95% CI 4.4–5.14], p = 0.267), EVD flushing (p = 

TABLE 1. Microbiological flora in the 12 VAIs

Causative Organism No. of Encounters

Enterococcus sp. 4
Yersiniaceae 1
Pseudomonas sp. 1
Enterobacteriaceae 2
Staphylococcus sp. 2
Streptococcus sp. 1
Bacillus sp. 1
Candida sp. 1

FIG. 1. Pie chart showing the incidence of VAI. Figure is available in 
color online only.

FIG. 2. Pie chart showing the breakdown of the causative microbiologi-
cal organisms. + ve = positive; – ve = negative. Figure is available in 
color online only.
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0.413), and CSF sampling frequency (every 3 days, every 
other day, or when needed; p = 0.845) were not signifi-
cantly different between the groups (Table 3 and Fig. 3).

The mean duration for onset of fever was 8 ± 4.3 days 
in the infection group. There was no significant differ-
ence in terms of onset of fever between gram-negative and 
gram-positive organisms (9.1 vs 7.5 days, p = 0.50).

Univariate Logistic Regression
In univariate analysis, the variables associated with in-

fection were EVD replacement (OR 10, p = 0.001), bilater-
al EVDs (OR 9.2, p = 0.009), duration of EVD placement 
(OR 1.1, p = 0.011), increased CSF output/day (OR 1.0, p 
= 0.001), CSF leak (OR 12.9, p = 0.001), and increased 
length of hospital stay (OR 1.1, p = 0.002).

The number of CSF collections and frequency of CSF 
sampling (every 3 days, once every other day, or when 
needed) did not show an association with infection. 
Similarly, diabetes mellitus, steroid intake, indication for 
EVD placement, location of placement (operating room 
or NICU), timing of EVD placement, and increased ICP 
were not associated with infection (Table 4).

Multivariable Logistic Regression
After controlling for variables, female sex (OR 7.1, 95% 

CI 1.1–47.4; p = 0.043), EVD replacement (OR 8.5, 95% 
CI 1.44–50.72; p = 0.027), increased CSF output/day (OR 
1.01, 95% CI 1.0–1.02; p = 0.023), and CSF leak (OR 15.1, 
95% CI 2.6–87.1; p = 0.003) were found to be statistically 
significant.

Bilateral EVDs, duration of EVD placement, and length 

of hospital stay lost significance after controlling for other 
variables (Table 4 and Fig. 4).

Discussion
The ventriculostomy procedure is a lifesaving proce-

dure. It is simple to perform and does not require com-
plex settings. The main limitation of a ventriculostomy 
procedure is the risk of infection, as the catheter is a for-
eign body connecting the closed CSF space to the outside 
world. Therefore, insertion requires careful infection con-
trol regimens. It has been estimated that more than 20,000 
EVDs were placed in the US in 2008.2 We have previously 
reported that a simple EVD infection protocol and the use 
of an AIC led to a decrease in the infection rate dramati-
cally in a high-load tertiary center.8 A retrospective study 
performed by Murphy et al. concluded that VAI was an 
independent predictor of in-hospital mortality (41.2% vs 
36.5%), composite unfavorable discharge outcomes (50% 
vs 35%), twice-longer length of stay than for non-VAI pa-
tients, and higher resource utilization measures.10 A mor-
tality rate of 15.1%–50% following infection has been re-
ported.11,12 Our aim herein was to identify the incidence 
and independent factors predictive of ventriculostomy 
infection.

The incidence of VAI was 3.1%. Data analysis identi-
fied variables that are associated with infection on uni-
variate analysis, including bilateral EVDs (OR 9.2), dura-
tion of EVD placement (OR 1.1), and length of hospital 
stay (OR 1.1). Independent predictors of VAI were female 
sex (OR 7.1), EVD replacement (OR 8.5), increased CSF 
output/day (OR 1.01), and CSF leak (OR 15.1). When CSF 

TABLE 2. Baseline characteristics of the two cohorts

Infection Group Control Group p Value

No. of patients 12 (3.1) 377 (96.9)
Age, yrs
 Mean ± SD
 95% CI

51.1 ± 16.3
40.7–61.5

56.7 ± 15.6
55.1–58.3

0.120

Sex
 Male
 Female

3 (25.0)
9 (75.0)

171 (45.4)
206 (54.6)

0.163

Indication for EVD
 SAH
 ICH
 Tumor
 Hydrocephalus
 Other

5 (41.7)
4 (33.3)
0 (0.0)
1 (8.3)
2 (16.7)

132 (35.0)
83 (22.0)
45 (16.2)
83 (22.0)
34 (9.0)

0.520

Hypertension 6 (50.0) 249 (66.0) 0.249
Diabetes mellitus 2 (16.7) 73 (19.4) 0.816
Procedural intervention 10 (83.3) 323 (85.7) 0.820
Steroid intake 3 (25.0) 107 (28.4) 0.798
Length of stay, days
 Mean ± SD
 95% CI

27.6 ± 17.6
16.4–38.7

17.4 ± 9.4
16.5–18.4

0.001*

ICH = intracerebral hemorrhage; SAH = subarachnoid hemorrhage.
Values are presented as the number (%) unless indicated otherwise.
* Statistically significant.
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collection was converted from a continuous variable into 
a ratio (frequency; number of CSF collections/infection-
free total EVD placement duration) categorized into once 
every 3 days, once every other day, and when needed, 

analysis showed that there was no significant difference 
among the 3 groups in terms of VAI incidence. The rate of 
ventriculostomy infection reported in the literature ranges 
between 0% and 25.8%, even reaching 45% in one study.7,9, 

11, 13–19 This wide range is due to the variable definitions of 
positive CSF infection. Lewis et al. identified 17 differ-
ent definitions.20 In a previous publication, we reported a 
drop of VAI rate from 6.7% to 0.9% by implementing an 
evidence-based protocol for EVD placement and mainte-
nance and the use of AICs.8 Although the infection rate 
in this study is higher than what we previously reported 
(0.9%), 3.1% is still acceptable and lies in the lower range 
of what is reported in the literature.

Major risk factors for infection fall into one of 2 broad 
categories: those that promote bacterial growth and those 
that promote bacterial access to the CSF.14 In our study, 
one factor that fell under the category of bacterial growth 
was our patient sample; the indication for ventriculostomy 
placement in 45% of cases was for subarachnoid hemor-
rhage and intracerebral hemorrhage, and those patients 
are often bedridden and immunocompromised. Factors 
that fell under the category of bacterial access, seen in 
a greater proportion in the infection group, were EVD 
replacement, bilateral EVDs, longer EVD duration, and 
CSF leak.

TABLE 3. EVD management and maintenance variables of the 
two cohorts

Infection Group Control Group p Value

No. of patients 12 (3.1) 377 (96.9)
EVD replacement 5 (41.6) 25 (6.6) 0.001*
Bilateral EVDs 2 (16.7) 8 (2.1) 0.002*
Placement
 Daytime
 Nighttime

6 (50.0)
6 (50)

186 (49.3)
191 (50.7)

0.616

Location of placement†
 Operating room
 NICU

3 (25.0)
9 (75.0)

72 (19.4)
299 (80.6)

0.631

Elevated ICP (>20 cm H2O) 6 (50.0) 129 (34.5) 0.267
ICP, cm H2O
 Mean ± SD
 95% CI

29.2 ± 7.3
21.6–36.8

28.0 ± 7.7
26.7–29.3

0.715

No. of CSF collections
 Mean ± SD
 95% CI

3.5 ± 3.4
1.4–15.7

4.7 ± 3.6
4.4–5.14

0.267

EVD duration, days
 Mean ± SD
 95% CI

15.5 ± 6.0
11.9–19.8 

10.3 ± 6.0
9.7–10.9

0.008*

CSF sampling frequency
 When needed
 Every 3 days
 Every other day

2 (16.7)
3 (25.0)
7 (58.3)

58 (15.4)
71 (18.9)

248 (65.7)

0.845

Flushing 0 (0) 20 (5.3) 0.413
CSF leak 4 (33.3) 14 (3.7) 0.001*
CSF output/day, ml
 Mean ± SD
 95% CI

168.6 ± 101.7
100.2–236.9

92.2 ± 63.2
85.7–98.6

0.001*

* Statistically significant.
† Data are missing for 6 patients in the control group.

FIG. 3. Bar graph showing variables significantly associated with VAI. Figure is available in color online only.

TABLE 4. Univariate and multivariate predictors of 
ventriculostomy infection

Univariate Multivariate
OR p Value OR p Value 95% CI

Female sex 1.2 0.176 7.1 0.043* 1.1–47.4
EVD replacement 10.0 0.001* 8.5 0.027* 1.44–50.72
Bilateral EVDs 9.2 0.009*
Duration of EVD 
placement

1.1 0.011*

CSF output/day 1.0 0.001*  1.01 0.023* 1.0–1.02
CSF leak 12.9 0.001* 15.1 0.003* 2.6–87.1
Length of hospital stay 1.1 0.002*

* Statistically significant.
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Patients admitted to the hospital usually do not undergo 
prophylactic workup such as urine analysis, urine culture, 
or blood culture if they have a Foley catheter or an ar-
terial line. However, this is not the practice with EVDs. 
At our institution, and in others, routine CSF collection 
either every other day or once every 3 days is performed. 

Recently, there has been a change in the protocol where 
CSF collection is performed only when needed. The main 
disadvantages of routine CSF sampling are system breach, 
additional CSF studies with any biochemical CSF varia-
tions, and cost. The frequency of CSF collection, whether 
routine CSF collection (every other day or every 3 days) 

FIG. 4. Flowchart for study design and outcomes.
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or when needed, was not associated with additional risk 
of infection. Such outcomes are supported by previously 
published data; however, we add to the current literature 
that CSF collection when needed does not increase the risk 
of infection. Kitchen et al., Ramanan et al., and Arabi et 
al. reported that CSF sampling does not increase the risk 
of CNS infection.6,21,22 On the other hand, Hoefnagel et al. 
reported that CSF sampling frequency was a risk factor 
for infection.23 Furthermore, the CLEAR III (Clot Lysis 
Evaluating Accelerated Resolution of Intraventricular 
Hemorrhage Phase III) trial reported that frequent instru-
mentation of the closed CSF drainage system might in-
crease infection rates.24 Based on our expertise, the current 
outcomes mentioned above, previously published data, and 
the disadvantages of routine CSF sampling, we changed 
our practice to perform CSF collection when clinically 
deemed necessary.

In our protocol, catheter replacement is only performed 
in cases of system obstruction after a failed attempt to re-
lieve the obstruction by flushing or inadvertent dislodg-
ment. EVD replacement was an independent predictor of 
VAI with a 10-fold increased risk. Several societies have 
refuted the dilemma of exchanging the ventricular catheter 
in a fixed interval to break the cycle of long EVD place-
ment to prevent infection. In addition, EVD duration lost 
significance in multivariate analysis, which may be due to 
AICs. Recently, the Infectious Diseases Society of Ameri-
ca recommended against a fixed interval exchange of ven-
tricular catheters.3 Chi et al. reported in their study that 
there is an increased risk of infection with each subsequent 
catheter inserted.25 The alternative sites for EVD insertion 
are limited due to their proximity to eloquent areas. The 
left side is the dominant hemisphere, and posterior to the 
coronal suture is the motor strip. The catheter should be 
fixed well to prevent any dislodgment as the risk of infec-
tion increases by 10 times. The contralateral side may be 
an alternative over reinsertion at the same site with care-
ful risk assessment. Conclusions in the literature regard-
ing duration that the EVD is in place and infection are 
controversial.14,26,27 One of the postulates for CSF infection 
is through retrograde contamination of bacteria from the 
skin that migrate along the catheter track. Multiple adjust-
ments may be performed to limit this retrograde migra-
tion, including increasing the length of the tunneling,28–30 
using antibiotic-coated catheters,8 maintaining hygienic 
care, and weaning the ventriculostomy when clinically 
relevant.31 It has been reported that patients with an EVD 
in place for more than 15 days have a 7 times increased 
risk of developing infection compared with patients with 
an EVD duration of less than 15 days.32

CSF leak results in CSF contamination through direct 
contact with skin microbiological flora. In our series, CSF 
leak increased the risk of infection by 15-fold. Schade 
et al. performed a retrospective analysis comparing ven-
tricular drainage with lumbar drainage.32 They concluded 
that the bacterial meningitis risk was higher in ventricular 
drainage (15%) than in lumbar drainage (7%) and reported 
that CSF leak was an independent predictor of infection. 
They used a simple EVD without systemic antibiotics and 
reported that 82% of the microbiological findings were 
gram-positive organisms.

In this study, the use of AICs resulted in a preferential 
selection of the causative microorganism, gram-negative 
bacteria, which has been reported in the literature.17,33 The 
causative organisms of infection in our study were gram-
negative bacteria in 58.3% of cases, followed by gram-
positive bacteria in 33.3%. These results fall in line with 
a previous report published from our institution, stating 
that the implementation of AICs had led to a decline in 
the gram-positive infections.8 Previous data from 23 ma-
jor studies reported that the majority of ventriculostomy 
infections are caused by gram-positive cocci, although 
gram-negative and Candida species were still isolated.14

The main limitation of this study is its retrospective na-
ture. The reviewed charts extend over 9 years, and earlier 
charts were documented at a time when electronic medical 
records were not as developed as they are now. Also, al-
though a standardized protocol is designed for EVD man-
agement, some physicians may defer from the protocol.

Conclusions
In our study, the rate of VAI was 3.1%. The implemen-

tation of a standardized protocol, meticulous hygienic 
care, and AICs are measures to maintain the infection rate 
in the lower range. VAI is a serious complication that re-
sults in increased morbidity, length of stay, and cost. Fe-
male sex, EVD replacement, increased CSF output/day, 
and CSF leak were independent predictors of VAI. Rou-
tine CSF collection (every other day or every 3 days) and 
CSF collection when needed were not associated and do 
not increase the risk of infection. We recommend CSF col-
lection when clinically needed rather than routinely due to 
the aforementioned reasons.
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