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Abstract: There is little evidence on the role of prior infection in patients with external ventricular
drains (EVDs) and lumbar drains (LDs). In this study, our aim is to investigate whether previous
bacteremia is a risk factor for cerebrospinal fluid drain infection (CSFDI) in patients with EVDs
and LDs and to describe the microorganisms implicated. We designed a retrospective, single-center
cohort study. We recorded patients” demographic and clinical characteristics, as well as microbiology
laboratory data. We used non-parametric statistical methods to identify possible risk factors for
CSFDI. We found 799 neurosurgical admissions during the study period, 70 of which fulfilled the
inclusion criteria. Acinetobacter baumannii was the most frequent single pathogen isolated in the
cerebrospinal fluid (CSF). Acinetobacter baumannii bacteremia was more common in patients with
Acinetobacter baumannii CSFDI (p = 0.01). The distribution of the pathogens in the CSF differed from
that of the pathogens isolated in blood (p = 0.001). In the univariate analysis, prior bacteremia was
more common in patients with CSFDI (p = 0.027), but, in the multivariate model, prior bacteremia
was not identified as an independent risk factor (OR = 0.456, CI: 0.138-1.512, p = 0.2). In an ICU
population, the most frequently isolated pathogens were Gram-negative Enterobacteriaceae and
Acinetobacter baumannii. Previous bacteremia was significantly more probable among patients with
EVDs or LDs who developed a CSFD], and its role warrants further investigation.

Keywords: external ventricular drainage (EVD); lumbar drainage (LD); Acinetobacter baumannii;
cerebrospinal fluid infection

1. Introduction

Severely ill patients with neurological injury and cerebrospinal fluid (CSF) drains often
need treatment in an intensive care unit (ICU), where their survival probability can increase.
At the same time, these patients are at risk of developing ICU-related complications and,
in particular, ICU-acquired infections. The high risk of acquiring an infection in the ICU
environment is attributed to invasive procedures that require breaking the skin barrier,
e.g., vascular catheterization, to the use of orotracheal airways for providing mechanical
ventilation, and to the deranged immunity that may accompany critical illness [1,2].

Many studies have investigated the risk factors for cerebrospinal fluid drain infection
(CSFDI) and the effectiveness of preventive strategies. Fewer focus on critically ill patients.
The role of previous infection in the pathogenesis of CSFDI has, to our knowledge, only
been addressed in one study, where prior chest infection was found to be a risk factor for
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ventriculitis [3]. The role of bacteremia in patients with cerebrospinal fluid drains (CSFDs)
has not been examined, even though bacteremia is a known risk factor for CSF infection in
patients with ventriculoatrial (VA) shunts. In this retrospective study, we, therefore, aim
to investigate the possible role of previous, hospital-acquired bacteremia as a risk factor
for CSFDI in a critically ill population with external cerebrospinal fluid drains, i.e., either
external ventricular drains (EVDs) or lumbar drains (LDs).

2. Results

We reviewed all ICU admissions from 1 January 2011 to 31 December 2020, and
we identified 799 neurosurgical cases. Figure 1 shows the study flowchart. A total of
70 patients were included in the final analysis. Table 1 shows the demographic and clinical
characteristics of included patients. All EVDs were placed in the operating room while all
LDs were placed at the bedside. A CSFDI was diagnosed in 28 out of the 70 patients (40%).
Patients with CSFDIs, compared with those without a CSFDI, had a higher cerebrospinal
fluid (CSF) cell count (320 (53.5-1235) vs. 12.5 (5.25-90.75), p < 0.001), lower CSF glucose
(51 (9-67) vs. 66.5 (52-97.5), p = 0.006), and higher CSF protein (93 (89-255) vs. 67 (34-140),
p = 0.002).

's 3

799 neurosurgical admissions

. J

Missing data from electronic
medical records, n = 95

No CSF drain in situ, n = 548

CSF drain inserted >24 h
prior to ICU admission, n =22

CSF infection diagnosed prior
to ICU admission, n = 23

ICU admission with sepsis or
septic shock, n =21

ICUstay<72h,n=20

70 patients included

. J

Figure 1. Flow chart of the patients. A total of 70 patients older than 18 years old fulfilled the
inclusion criteria from January 2011 to December 2020. Horizontal arrows indicate the reasons for
exclusion. CSF: cerebrospinal fluid; ICU: intensive care unit.
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Table 1. Demographic and clinical characteristics of patients with CSF foreign bodies and univariate

analysis.
CSF Infection Present CSF Infection Absent Value
n=28 n=42 p

Age 1 56 (44.75-70) 52.5 (45.5-61.25) 0.890
Sex 2 1.000

Male 16 23

Female 12 19
Reason for ICU admission 2 0.985

Ischemic Stroke 1 2

Intracranial Hemorrhage 11 15

Subarachnoid Hemorrhage 7 12

Traumatic Brain Injury 3 3

Brain Tumor 6 9
Foreign body type 2 0.349

EVD 21 36

LD 7 6
Antibiomicrobial-impregnated 0352

catheters used 2 ’
Yes 3 10
No 20 32
Previously cultured pathogens in blood
Py 0.027
cultures
Yes 20 18
No 8 24
Number of CSF samples sent before

bacterial growth ! 325 35(2-) 0473
Foreign body days 1 14 (10.75-18) 12 (7-18.25) 0.214
Length of ICU stay 1 31.5 (23.75-52) 25.5 (9-33.25) 0.037
ICU outcome 2 0.039

Survival 14 32

Death 14 10

1 Median (interquartile range)—Mann-Whitney U test; 2 Number of cases—Fisher exact test; CSF: cerebrospinal
fluid; ICU: intensive care unit; EVD: external ventricular drain; LD: lumbar drain.

Figure 2 shows the relative frequencies of different pathogens isolated in the CSF
alongside the corresponding relative frequencies of pathogens isolated in blood. We
found that the distribution of the pathogens differed significantly in the two sample types
(p =0.0010). A post hoc analysis indicated that this difference may be attributed to the
higher percentage of Staphylococcus epidermidis and of other Enterobacteriaceae in the
blood and to the higher percentage of Acinetobacter baumannii in the CSFE. Other Enter-
obacteriaceae identified but not individually shown in Figure 2 include Stenotrophomonas
maltophillia, Proteus mirabilis, Escherichia coli, Haemophilus influenzae, Enterobacter cloacae,
and Serratia marcescens. Other Gram-positive microorganisms identified but not individ-
ually shown include Enterococcus faecium, Staphylococcus hominis, Staphylococcus capitis,
and Streptococcus haemolyticus. The difference in the relative frequencies of pathogens per-
sisted even when the cases of Staphylococcus epidermidis were excluded from the analysis
(p = 0.0212). Fisher’s exact test, comparing the relative frequency of Acinetobacter baumannii
CSFDI occurrence between patients with and without Acinetobacter baumannii bacteremia,
showed that Acinetobacter baumannii CSFDI was more common in the former (p = 0.01).
Pathogens identified in the CSF of patients with EVDs were Acinetobacter baumannii n = 8,
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Klebsiella pneumoniae n = 6, Pseudomonas aeruginosa n = 3, Gram-positive cocci n = 2,
Candida spp. n = 1, and Providencia stuartii n = 1. Pathogens identified in the CSF of patients
with LDs were Acinetobacter baumannii n = 3, Pseudomonas aeruginosa n = 1, Gram-positive
cocci n = 2, and Candida spp. n = 1. There was no statistical significance in the distribution
of bacteria between cases with EVDs and LDs (Fisher’s exact test, p = 0.284).

Staphylococcus epidermidis
Other Gram+ microorganisms
Candida species

Providencia stuartii
Klebsiella pneumoniae
Acinetobacter baumannii
Pseudomonas aeruginosa
Other Enterobacteriaceae

E000DEOMm

Figure 2. Comparative pie chart of the relative frequencies of the most frequently identified pathogens.
CSF (inner disc) vs. blood (annulus); CSF isolates: Acinetobacter baumannii n = 11 (39.3%), Klebsiella
pneumoniae n = 6 (21.4%), Pseudomonas aeruginosa n = 4 (14.3%), Staphylococus epidermidis, and other
Gram-positive pathogens, including Enterococcus faecium, Staphylococcus hominis, Staphylococcus capitis,
and Streptococcus haemolyticus n = 4 (14.2%), Candida spp. n = 2 (7.1%), and Providencia stuartiin = 1
(3.6%). Blood isolates: Staphylococus epidermidis n = 18 (34%), Acinetobacter baumannii n = 8 (15.1%),
other Enterobacteriaceae, including Stenotrophomonas maltophilia, Proteus mirabilis, Escherichia coli,
Haemophilus influenzae, Enterobacter cloacae, and Serratia marcescens n = 8 (15.1%), Providencia stuartii
n =6 (11.3%), Klebsiella pneumoniae n = 4 (7.5%), Candida spp. n =4 (7.5%), other Gram-positive
pathogens n = 4 (7.5%), and Pseudomonas aeruginosa n = 2 (3.8%).

The presence of bacteremia was the only variable that differed significantly between
the groups of patients with or without a positive CSF culture. Bacteremia was, therefore,
the only risk factor identified by the univariate analysis. However, when we performed a
logistic regression, including the presence of bacteremia, the type of CSFD, the length of stay,
possible impregnation with antibiotics, and the number of CSF samples sent, bacteremia
was not found to be an independent risk factor for CSFDI (OR = 0.456, CI: 0.138-1.512,
p=0.2).

3. Discussion

Recent literature on the pathophysiology of CSFDI is supportive of a retrograde route
of bacterial invasion from the distal portion of the catheter lumen to the proximal portion in
the ventricular system or, alternatively, of an inoculation of pathogens at the time of drain
insertion [1,4,5]. A hematogenous spread to the CSF has been described for VA shunts but
not for EVDs [1]. Moreover, very little is known regarding the significance of previous
infection and bacterial colonization in patients who are at risk of developing a CSFDI [6-10].
In one study [8], where risk factors for CSFDIs were investigated, concomitant extracranial
infection was found to be a statistically significant risk factor in critically ill patients with
EVDs. The role of bacteremia has also been addressed in two more studies that included
small numbers of neonates who developed a CSFDI [9,10]. To the best of our knowledge,
there are no studies that address bacteremia as a risk factor for CSFDI in critically ill adults,
even though this population is widely accepted as particularly vulnerable [6-8].

The risk factors for CSFDI mostly discussed in the literature are the duration of
catheterization, the placement technique, the use of antimicrobial-impregnated catheters,
the frequency of catheter manipulation and sampling, the presence of blood in the CSF, the
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type of cleansing and dressing, and the leakage of CSF [2,11-14]. From this list, we included
in our analysis the factors that we could safely document in retrospect, namely, the use of
antimicrobial-impregnated catheters, the number of CSF samples sent, and the duration of
catheterization. None of them was found to be statistically significant in our population.
This can be attributed to the relatively small number of patients finally included in our
analysis and to the limited use of lumbar and antimicrobial-impregnated drains in our
department. The role of CSF sampling in the emergence of CSFDIs is controversial [2,15-17],
with some authors even advocating regular CSF sampling to detect a possible infection
early. Our analysis showed that, in contrast to these factors, the presence of bacteremia
was significantly more frequent in patients who eventually had a positive CSF culture.
Even though it was not established as an independent risk factor in the multivariate model,
bacteremia was the only variable that differed significantly between patients with and
without CSFDI. This association could be explained by considering either the bloodstream
mechanism or the patient’s condition. Bloodstream spread may have a more prominent
role in the occurrence of ventriculitis than previously recognized, possibly because the
systemic inflammatory response, often associated with systemic infection, modifies the
blood-brain barrier permeability, thus, facilitating microbial penetration into the central
nervous system. On the other hand, it is possible that the same factors that render the
patient susceptible to extracranial infection, such as a long duration of stay or a high illness
severity score, also increase the risk of intracranial infection.

Historically, most CSFDIs have been attributed to Gram-positive pathogens and to the
head skin flora but, lately, Acinetobacter baumannii and Gram-negative Enterobacteriaceae
are increasingly implicated [7,8,14,18,19], and this can be explained, at least partly, by
their increasing levels of resistance to antibiotics and, in particular, to carbapenems [7]. In
our sample, Acinetobacter baumannii was the most frequent pathogen and, together with
Klebsiella Pneumoniae and Pseudomonas aeruginosa, comprised approximately 70% of ventri-
culitis cases. This could explain why Acinetobacter baumannii CSFDI was more common in
patients with prior Acinetobacter baumannii bacteremia. On the other hand, some groups of
pathogens were found in blood cultures but not in the CSF, the most prominent representa-
tive being the “other Enterobacteriaceae” group. Acinetobacter spp. is often transmitted to
patients via persistence on environmental surfaces and transient colonization of the hands
of health care workers [20]. It is hypothesized that Acinetobacter baumannii persists in medi-
cal environments, resists antimicrobials, and causes disease because of its capacity to form
biofilms on solid surfaces [3]. Inappropriate empirical antibiotic therapy, comorbidities,
neutropenia, and the presence of disseminated intravascular coagulation have all been
associated with poorer clinical outcomes after the acquisition of Acinetobacter baumannii
bloodstream infections [3,20].

Our study has some limitations we would like to comment on. Firstly, it is a retrospec-
tive observational study; therefore, subject to confounding. To minimize bias and missing
values in our records, we used the CSF microorganism criterion to classify patients with
or without CSFDI [2,19,21]. For the same reason, we did not categorize patients according
to the presence of a respiratory/urinary tract infection, but rather focused on the role of
bacteremia that we could accurately investigate in retrospect as blood is a sterile body
fluid, and growth of pathogens cannot be attributed to colonization. Even though we
aimed to find the role of prior bacteremia, we cannot exclude that, in some of the included
cases, the bacteremia might have been ongoing at the time of the first positive CSF sample
collection. Secondly, it is a single-center study, and our conclusions may not apply to all
ICUs. Our results are, nonetheless, representative of a general ICU department that admits
neurosurgical patients. Thirdly, the presence of a control group would, without doubt,
have strengthened the result. In order to include the right patients for the control group,
we should have identified the cases with central nervous system pathology that, for some
reason, did not have an EVD or LD inserted but still had cerebrospinal fluid sampled by
lumbar puncture during their stay in intensive care. However, such cases are exceptionally
rare because lumbar puncture is usually contraindicated in severe intracranial pathology
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and, even if they exist, it is still extremely difficult to locate them retrospectively. Finally,
the sample size of our study was not calculated in advance and may be too small for power
analysis considerations. However, since the condition we studied is rare, our results may
inform the design of future, multi-center studies for the investigation of similar hypotheses.

4. Materials and Methods

We designed a retrospective, single-center cohort study that took place at Evangelismos
general hospital, Athens, Greece. The Evangelismos hospital ICU is a 25-bed general unit
admitting both medical and surgical cases, including trauma. Patients with SARS-CoV-2
infection are admitted in a separate clinical area. The most common pathogens causing
ICU-acquired infections in the department were, according to local surveillance data,
Acinetobacter baumannii, Pseudomonas aeruginosa, and Klebsiella pneumoniae, comprising
almost 75% of all positive cultures, while resistance to carbapenems was ranging from 40 to
95% for different pathogens during the study period. We reviewed the electronic hospital
records of all ICU admissions from 1 January 2011 to 31 December 2020 to identify the
eligible neurosurgical cases. The eligibility criteria were: presence of a CSF drain during
ICU stay, time from drain insertion to ICU admission < 12 h or drain inserted after ICU
admission, no previous diagnosis of CSF or any other infection prior to ICU admission,
either hospital- or community-acquired, and length of ICU stay > 72 h.

Data extracted from the electronic medical records included patient demographics;
reason for ICU admission; date and time of ICU admission and discharge; ICU outcome;
type of CSFD, i.e., EVD or LD; whether the drain used was impregnated with antibiotics or
not; the date and time of CSF drain insertion and removal; and the number of CSF samples
sent for analysis until the first positive CSF sample was documented or drain removal,
whichever occurred first. We also recorded microbiology and laboratory data. For the CSF
specimens, we recorded any microbial pathogens present, the white cell count, the white
cell type, the red cell count, and the glucose and protein levels. For blood cultures, we
recorded the cultured microorganisms, until the first positive CSF sample was obtained or
the CSF drain was removed, whichever occurred first.

All culture specimens were ordered by the attending physicians when infection was
suspected. Blood cultures were obtained via peripheral venous puncture using a standard
sterile technique or from a new central venous catheter immediately after placement and
prior to breaking the sterile field that was used for the catheterization. Blood cultures
were performed using the BACTEC 9240 system (Becton-Dickinson Sparks, Baltimore,
MD, USA). In the cases of coagulase-negative bacteremia, we applied criteria for detection
of contamination [22]. We used the criterion of culture positivity [2,20] to identify CSF
infections. In the cases where Staphylococcus epidermidis was the identified pathogen, we
required two positive CSF cultures to classify it as infected [19]. Only blood cultures
collected prior to the date of the first positive CSF sample or the drain being removed,
whichever occurred first, were included in the analysis.

The study protocol was approved by the Ethics Committee of Evangelismos General
Hospital (approval protocol number: 421/2018, with date of approval 13 November 2018).
All investigations were conducted according to the principles expressed in the Declaration
of Helsinki.

We used the R statistical software, version 3.6, for data visualization and statistical
analysis. Continuous variables are reported as median (interquartile range). Count data are
reported by frequencies. We used non-parametric statistical methods. Precisely, we used
the Mann-Whitney U test to compare the distributions of continuous variables between
groups and the Fisher exact test to compare proportions between groups. Multivariate
logistic regression was used to assess independent risk factors for CSF infection. The
variables included in the model were selected according to previously described risk
factors for CSFDI and included the type of CSFD, the length of stay, possible impregnation
with antibiotics, and the number of CSF samples sent for analysis until the first positive
CSF sample was documented or drain removal, whichever occurred first [2,11-14]. The



Bacteria 2022, 1 54

Benjamini-Hochberg false discovery rate procedure [23] with tolerated false discovery rate
o = 0.05 revealed a corrected p-value 0.03 to be significant for multiple comparisons.

5. Conclusions

In conclusion, our data support that bacteremia may be an important factor affecting
the risk for CSFDI in critically ill patients, and we suggest that bacteremia be considered
in future prospective and retrospective studies. In accordance with most recent reports,
Acinetobacter baumannii was the commonest causative pathogen in our population. This
represents a divergence from earlier reports, where Gram-positive bacteria of the skin flora
were involved in the majority of CSFDI cases. Awareness of this change of epidemiologic
profile is important for the prophylactic and empirical antibiotic coverage choices that need
to take into account local surveillance data and patterns of resistance.
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