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Background: Ventriculitis is an infection of the ventricular system of the central nervous
system associated with neurosurgery and/or indwelling medical devices mainly caused by
coagulase-negative staphylococci and increasingly by Gram-negative bacilli and other
Gram-positive bacteria. The Infectious Diseases Society of America (IDSA) and the
neurosurgery department University Hospital Coventry and Warwickshire (UHCW) have
treatment guidelines for ventriculitis which recommend antimicrobials and device removal.
Methods: Data on ventriculitis cases, their management and outcomes were collected from
electronic laboratory and hospital records as well as patients’ paper records from 2009 to
2019. Cases included patients with CSF shunts or external ventricular drainage. The man-
agement of the cases was then compared to both Infectious Diseases Society of America
(IDSA) and UHCW guidelines. The data collected included the causative organisms and the
use of inappropriate antimicrobials. The cost of inappropriate antimicrobials was calculated.
Results: 99 patients with microbiologically confirmed ventriculitis were identified. Some
cases had multiple devices and the total number of devices was 105.98% of cases had
medical device removal as part of their care. Only 50% and 56% of cases had antimicrobial
treatment which was compliant with local (UHCW) and IDSA guidelines, respectively. The
most frequently inappropriate antimicrobials used were meropenem and linezolid, at an
estimated cost of £201,172 over 10 years. The most frequently isolated organisms were
coagulase negative staphylococci. Mortality rate was estimated at 14% of cases.
Conclusions: We report the first analysis of the management of ventriculitis cases at
UHCW over a 10-year period and demonstrate the importance of antimicrobial steward-
ship. We also report the local epidemiology of causes of ventriculitis at UHCW which will
guide the empirical treatment of ventriculitis at UHCW.
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This is an open access article under the CC BY-NC-ND license
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Introduction

Ventriculitis is an infection of the ventricular system of the
central nervous system. Most commonly it occurs as a
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complication of neurosurgery, but also after head injury [1,2].
Ventriculitis typically occurs in association with medical
devices, such as external-ventricular drains (EVD) or ven-
triculoperitoneal shunts (VP shunts). EVDs are used for short-
term regulation and monitoring of intracranial pressure, for
the administration of certain medications and the collection of
cerebrospinal fluid (CSF) samples [3]. VP shunts are used for
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Table I

Search criteria used for initial search to identify probable cases of
ventriculitis

Search criteria Rationale

CSF samples received
within the last 10 years

In order to limit the number of
cases to a manageable number
and to minimise amount of patient
data collected.

Patient’s located to
neurosurgical ward 43

� Ward 43 is the neurosurgical
wards at UHCW

� Ventriculitis is a highly complex
and specialised condition so
patients should be treated with
facilities equipped for this.

Exclusion of organisms
which cause
acute meningitis e.g.
Neisseria meningitidis,
Streptococcus
pneumoniae

Ventriculitis is an opportunistic
infection occurring as a
complication of neurological
disease or treatment and acute
meningitis organisms are not
considered to be ventriculitis.
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long term regulation of intracranial pressure, particularly in
patients with hydrocephalus. Ventriculitis is difficult to define
as the clinical presentation varies depending on the causative
organism and the clinical scenario. A combination of symp-
toms, laboratory findings, imaging findings and clinical judge-
ment are used to make a diagnosis [4]. The epidemiology of
ventriculitis varies between location and the type of neuro-
logical device used, with some studies demonstrating a 20%
incidence rate [5]. University Hospital Coventry and Warwick-
shire (UHCW) has a busy neurosurgical unit, and is estimated to
carry out over 3000 neurosurgical procedures per year [6].
Currently, the local epidemiology of ventriculitis has not been
investigated previously.

The management of ventriculitis can be lengthy and
expensive and ventriculitis can lead to serious long-term
sequelae and even result in death. [7e9].

Device-associated ventriculitis is complicated by biofilm
formation on the devices with organisms becoming pheno-
typically resistant to antimicrobials while remaining sensitive
in their planktonic form [10,11]. Studies show that coagulase-
negative staphylococci and Staphylococcus aureus are the
most frequent causes of ventriculitis but multi-drug resistant
Gram-negative organisms are increasingly becoming impor-
tant [12e14].

The treatment of ventriculitis at UHCW utilises a multi-
disciplinary team approach as recommended by the Infectious
Disease Society of America (IDSA) and local trust guidelines
[4,15]. Treatment relies on removal of infected device and
broad-spectrum antimicrobials which should be modified
according to culture results. Antimicrobial treatment is gen-
erally given for at least 14 days post CSF sterility taking into
account the clinical response and causative organism.

Inappropriate antimicrobial use promotes antimicrobial
resistance [16], a global threat on a par with climate change
[17]. Good antimicrobial stewardship requires that the anti-
microbial choice is evidence-based [18]. Ventriculitis, as a
healthcare-associated infection is likely to be caused by multi-
drug resistant organisms and thus poses a challenge for treat-
ment [19e21]. Furthermore, the use of broad-spectrum anti-
microbials in these cases causes harm to the patient’s gut
microbiome. [22e25].

We analysed the management of culture proven ventriculitis
cases over a 10-year period from 2009 to 2019. The aim of this
study was twofold. Firstly, to compare the management of
ventriculitis cases at UHCW with IDSA and UHCW treatment
guidelines and to identify areas for improvement in treatment
of ventriculitis at UHCW. Secondly, to document the epidemi-
ology of microbiologically proven ventriculitis in UHCW. This
information will be used to revise the ventriculitis empirical
antimicrobial treatment guidelines at UHCW.

To the best of our knowledge there has been no published
study carried out on the treatment of all microbiologically
proven cases of ventriculitis, although audits of EVD-related
infections have been conducted [26e28].

Methods

Ethical approval for the study was obtained from Warwick
Medical School (BSREC Number- BSREC- CDA- SSC2-2019-33).

To identify microbiologically proven ventriculitis, a search
of the microbiological database at UHCW for the period 2009
to 2019 was conducted according to the criteria in Table I
and further searches were carried out in UHCW’s clinical
result reporting system (CRRS) according to criteria and
methodology in Table II. CRRS is an electronic patient record
system which captures results of all patient investigations as
well as patient correspondence between healthcare pro-
viders. The paper notes of patients identified as having
microbiologically proven ventriculitis were examined to
determine antimicrobials given and duration of treatment
(Figure 1). There was cross reference between the pre-
scription charts and the time of the ventriculitis episode to
ensure that the treatment given was for ventriculitis. The
first and last day of the antimicrobial administration were
used to calculate the length of the course using Microsoft
Excel (Microsoft office 365�). Interruptions to antimicrobial
administration were recorded.

Patients with incomplete notes around the ventriculitis
episode were excluded from the study. Notes were considered
incomplete where older volumes were unable to be sourced for
a variety of reasons such as being at a different hospital site.

An attempt was made to determine the likelihood of con-
tamination of a CSF samples by examination and doc-
umentation of CSF samples being taken aseptically. Where
antimicrobials were administered via the intraventricular (IT)
route, notes were examined for documentation of adherence
to strict infection prevention and control procedures as rec-
ommended by the guidelines.

The duration of treatment was calculated by taking the day
of culture negative CSF to the day antimicrobials were stop-
ped. Mortality from ventriculitis was determined if ventriculitis
was documented as a cause of death in the medical notes.
Death certificates were not examined.
Data analysis

To simplify the data analysis and improve accuracy, a tool
was created which condensed the guidelines to antimicrobial
name, indication, route of administration and treatment
duration (Table III). IDSA guidelines include some



Table II

Criteria and methodology for examination of patient electronic health records on the CRRS system at UHCW

Search criteria Method of searching

Criteria for
ventriculitis

Cases were not considered ventriculitis if there were no indwelling devices used, or electronic
documentation made no reference to ventriculitis or healthcare associated meningitis
Exclusion criteria: Negative culture

Date of first CSF
sample positive

Microbiology section of CRRS was filtered to only include CSF samples. These were then manually searched
for the first sample which had an isolated organism

Date at which CSF
samples become
negative

Of the CSF samples, the subsequent samples were examined to determine when they became negative (i.e.
No growth at 48 hours reported on the CSF microbiology results). Once a negative sample was identified, we
recorded this and continued to examine the remaining CSF samples. To aid in determining the date of
resolution we also collected CSF white cell count (WCC), CSF protein and CSF glucose where these were
available.
Recurrent infection was defined as 28 days from first positive CSF i.e. if the sample became negative during
this time but then became positive again, this was considered a recurrent infection

Organism
Identified

Positive CSF samples had the organism(s) recorded into Microsoft Excel 365ª. Organisms were given a two-
letter key.
Where the comment provided by microbiology suggested the isolate was of questionable significance, it was
considered positive if the criteria they set out in the result comment was met,
or if the medical device was removed,
or if the patient received treatment
for this infection.
Exclusion criteria: Single CSF sample sent, Documentation of organism as insignificant, no intracranial
devices present

Removal of
intracranial
device

The “theatre” tab of CRRS was examined to determine if devices were present and if they were removed.
The date at which this procedure was done was also recorded.
We also recorded what the type of intracranial device was to assist with analysis of antimicrobial selection.
Occasionally there was a lack of documentation for removal of devices. When this was the case, the
following judgements were made:
1. If the patient had an EVD and subsequently had a VP-shunt, this was counted as a removal.
2. If EVD was sent for culture
3. Paper notes were examined to look for written documentation
4. If there was still no definitive evidence of removal, it was assumed to not have been removed.

Mortality Patient records were examined to determine if the patient was deceased. In this case, it was only recorded if
the patient had died whilst receiving treatment for ventriculitis or it was stated on the documentation for
the cause of death.
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antimicrobials which were not available at UHCW such as
oxacillin, and therefore this table reflects feasible anti-
microbial choice based on the local formulary. Each patient’s
treatment was compared to both UHCW and IDSA guidelines
using this tool. For antimicrobial use that deviated from the
guidelines, the CRRS was reviewed for allergy to anti-
microbials and the antimicrobial sensitivities. Duration of
treatment was calculated by taking the day of culture neg-
ative CSF to the day when the antimicrobials were stopped.
Both sets of guidelines base duration of treatment on the
organism isolated. Initially this is based on the Gram stain
results until a final identification is obtained. The number of
caseswhich met the treatment duration of 14 days for Gram-
positive organisms and 21 days for Gram-negative organisms
(recommended treatment duration during the study period)
was then calculated. Where there was deviation from guide-
lines for antimicrobial choice or course length, the medical
notes were examined for the rationale. Where this was not
evident, it was considered inappropriate in this study.

Meropenem can be used empirically in accordance with the
IDSA guidelines, but empirical linezolid is not recommended.
In order to account for empirical use of meropenem, we cal-
culated the duration of inappropriate treatment from the
date at which cultures grew the causative organism to the
time when meropenem was stopped. The actual treatment
regimen (number of doses/day) was not collected, so it was
estimated that all patients would be given the recommended
three times-a-day (meropenem) or twice-a-day (linezolid).
Finally, costings for each drug based on those detailed in the
online version of British National Formulary [29] and this was
used to calculate the total cost of inappropriate use of mer-
openem and linezolid.

To aid the clarity of results, the organisms were grouped
into genera, Enterobacteriaceae family or miscellaneous
Gram-positive or Gram-negative organisms where there was
only one isolate from a family or genus. These results were then
displayed graphically with full identification to species level
where this was available. Antimicrobial choice was then com-
pared with culture results to determine if its use was in
accordance with guidelines.

Results

There were 99 patients with confirmed ventriculitis and the
treatment administered in these cases was examined. The
exclusion criteria are detailed in Figure 1.



Figure 1. Data collection processes showing inclusion and exclusion criteria.
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Descriptive statistics for studied population

Of the 99 patient records examined, 43% of the positive
cultures occurred between 2012 and 2014 (Figure 2). EVDs and
VP shunts were associated with most cases (73% and 18%
respectively). The remainder were either other device-related
infections or CSF leaks, which were included due to clinicians
having documented “ventriculitis” or “healthcare-associated
meningitis” during the treatment period (Table IV). Some
patients had multiple devices inserted due to the replacement
of an infected device and subsequent reinfection. In order to
minimise amount of patient identifiable information, the
indication for these devices or any other demographic data
were not recorded.
Comparison of antimicrobial treatment administered
and costing

Of the 105-total number of device-related ventriculitis (CSF
leak was not included), 95% were removed. There were several
cases of ventriculitis which had multiple devices in situ. There
was a large amount of variation in the timeframe for removal
with an average time of 10 days (Standard deviation (SD)
13.95), with a range of -4 dayse67 days (some devices were
removed prior to cultures becoming positive). For anti-
microbial selection, 56% received antimicrobial therapy which
matched the IDSA guidelines and 50% received antimicrobial
therapy which matched the UHCW guidelines. There were large
amounts of variation in the length of treatment, with average
length of antimicrobial treatment of 19 days (SD 17.56)
(Table V), with a range of -6 to 67 days (1 case had a further
positive culture which occurred after antimicrobials were
stopped). IT antimicrobials were given to 55 patients, of which
49% of these had documentation for method of administration
recommended by the guidelines. Fungal isolates were all
treated in accordance with IDSA guidelines for antifungal
agents and these guidelines provide no recommended duration
of treatment regime. UHCW does not provide guidelines on the
management of fungal ventriculitis as such cases are managed
by microbiologists on a case by case basis.

Only eight cases of ventriculitis had a treatment duration
matching the guideline recommendation (Table VI). Approx-
imately half of cases were under the recommended duration
and half exceeded the recommended length.

The most commonly misused antimicrobials not recom-
mended by either IDSA or UHCW guidelines were meropenem
and linezolid (Table VII). Meropenem was used for Gram pos-
itive organisms in 36 cases. Linezolid was inappropriately used
in 9 cases where a coagulase negative staphylococcus was
isolated (Table VIII). The cost of misused meropenem and
linezolid was estimated to be £42,752 and £158,420 respec-
tively, over the 10 years of this study. This equates to
approximately £20,117 per annum spent on inappropriate
antimicrobial use in the management of ventriculitis at UHCW.

Outcome of ventriculitis

The average time for cultures to become negative also
showed significant variation, with an average of 8 days (SD
10.99), with a range of 0e70 days. However, several cases
lacked adequate follow up cultures so this value may not be
representative. CSF WCC, protein, and glucose showed no
correlation to infection resolution and were not used to
determine treatment outcome. Mortality rate was 14% of cases
of confirmed ventriculitis over the 10-year period.

Causative organisms of ventriculitis at UHCW

123 organisms were identified from 99 cases, with multiple
isolates being identified in 19 cases. The clinical significance of
all the isolates was occasionally difficult to ascertain, owing to



Table III

Analysis tool which was used to assist in the comparison of antimicrobial choice and duration of treatment

IDSA guidelines

Organism Antimicrobial (a) Antimicrobial (b) Antimicrobial (c) Antimicrobial (d) Duration

Staphylococcus
aureus

Vancomycin* Rifampicin Linezolid 10e14 days

Coagulase negative
Staphylococci

Vancomycin* Rifampicin

Enterococcus faecalis Linezolid
Propionibacterium
(Cutibacterium)
acnes

Penicillin G

Gram negative bacilli In vitro sensitivities ceftriaxone Cefotaxime 10-14/21 days
Pseudomonas spp. Cefepime ceftriaxone Meropenem Aztreonam
ESBL Meropenem
Acinetobacter spp. Meropenem Polymyxin B Colistin
Resistant Gram-
negative bacilli

Meropenem

Candida spp. Amphotericin Fluconazole 5-flucytosine
Antimicrobial (a) is first line, with alternatives (b-d) as options where antimicrobial (a) is not appropriate. In the case of rifampicin,
this is used in combination and not in isolation. *Vancomycin can be given IV with IT being reserved for cases responding poorly to
systemic antimicrobial. These guidelines have been modified to reflect what is available at UCHW based on trust formulary, for
example nafacillin is first line for methicillin sensitive Staphylococcus aureus in the IDSA guidelines but is not available at this
hospital. ESBL ¼ Extended spectrum beta-lactamase producers

UHCW guidelines
Device Organism Antimicrobial (a) Antimicrobial (b) Antimicrobial (c) Duration
EVD Coagulase negative

Staphylococci
Vancomycin (IT) Time for device in situ,

sterile CSK before
new EVD/shunt

Staphylococcus
aureus

Flucloxacillin (IV) Vancomycin (IT)

Gram negative bacilli Meropenem (IV) Ceftriaxone (IV Dependent on clinical
response and CSF

Enterococcus spp. Linezolid Dependent on clinical
response and CSF

VP/VA shunt Coagulase negative
Staphylococci

Vancomycin (IV) Rifampicin (oral) Time for device in situ,
sterile CSF before new

EVD/shunt
Staphylococcus
aureus

Flucloxacillin (IV) Vancomycin (IV) Rifampicin (oral)

Gram negative bacilli Meropenem (IV) 14 days
Antimicrobial choice is monotherapy, with a choice between antimicrobial (a) and (b). Exception is rifampicin for S. aureus. related VP
shunt infection
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variable documentation. Aseptic technique was documented in
53% of positive CSF samples. The most common organisms
identified were coagulase-negative staphylococci. Of these, 12
were identified to species level with Staphylococcus epi-
dermidis being the most common (11). Enterobacteriaceae
were the most common Gram-negative organisms identified,
with Klebsiella pneumoniae being the most common species
identified. Candida species were the only fungal causes and
were identified in 6 cases. C. albicans was the most frequently
identified species (Figure 3).

Discussion

IDSA guidelines state that CSF shunt or drain-related ven-
triculitis should be managed by the removal of such devices [4]
combined with targeted antimicrobials. Antimicrobial treat-
ment alone has a low probability of success [30], or high risk of
recurrence [31]. A common feature of device-related infec-
tions is adherence and biofilm formation, which are difficult to
treat with antimicrobials alone due to the immune evasion and
intrinsic tolerance to antimicrobials [32] and therefore, anti-
microbials alone are not recommended for ventriculitis man-
agement. Most cases did have device removal at UCHW but
there was significant variation in when devices were removed.
The reason for this was difficult to ascertain, owing to variation
in documentation. When intracranial devices should be
removed is controversial because there is little consensus on
timing of removal and the risk of recurrence being higher if
devices remain in-situ [30,33]. This suggests several different
approaches for when devices should be removed, and



Figure 2. Number of single positive cultures of ventriculitis per year which is used as a proxy to determine the number of cases of
ventriculitis per year.

Table V
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documentation for a rationale is lacking. According to UHCW
policy, documentation should be accessible via the “Theatre”
tab of CRRS but for several cases this was either not present or
inferred from other sources.

Meropenem is useful for the treatment of ventriculitis, due
to good CSF penetration and broad spectrum of activity [34].
Empirical meropenem is recommended by the IDSA. Mer-
openem is only recommended for the treatment Gram-
negative organisms and is not for the management of
Staphylococci or Enterococcal infections [35,36]. Although
meropenem is effective for the treatment of Staphylococcus
aureus infections which are methicillin-sensitive, it has little or
no activity against most other staphylococci [37,38]. Fur-
thermore, the continued use of broad-spectrum antimicrobials
when not required is a concern for antimicrobial stewardship.
Treatment with unnecessary or inappropriate antimicrobials
increases the risk of antimicrobial resistance development [39]
and risk of Clostridioides difficile infection [40]. In addition,
the emergence of carbapenem-resistant Enterobacteriaceae
has been declared a significant threat by the CDC [41] and
Public Health England (now UK Health Security Agency) [42].
Table IV

Clinical background of ventriculitis cases

Clinical background Number of

devices

Percentage of

ventriculitis cases (%)

EVD 76 73
VP shunt 21 20
Post neurological surgery 1 1
CSF leak 3 3
Lumbar drain 3 3
Metal work in-situ 2 2
Graft infection 1 1
The rationalisation of antimicrobial therapy is a vital compo-
nent of infection management and documentation was lacking
in many of the cases examined.

This study also demonstrates the potential financial costs of
inappropriate antimicrobial use. For serious and challenging
infections such as ventriculitis, it may be understandable to
continue empirical antimicrobials despite microbiological
evidence. Studies have shown that this is a common, complex
and multi-factorial phenomenon [43,44]. Further investigation
of these factors is outside the scope of this study. Our
recommendations to improve antimicrobial use are education
and feedback of these results to all members of the
multidisciplinary team to promote discussion to identify
interventions to improve the antimicrobial treatment of ven-
triculitis in the future. Such an approach is a cornerstone of
antimicrobial stewardship and there is evidence to support its
effectiveness [45,46]. Further studies are needed to monitor
any improvement in the management of ventriculitis in UHCW.
Number of cases of ventriculitis managed in accordance with IDSA
and UCHW guidelines

Treatment recommended Number

receiving

treatment

(%)

Average length

of treatment

was received

(days), with STD

in parentheses.

Medical device removal 99 (94) 10.25 (13.95)
IDSA antimicrobial selection 57 (56) 19 (17.56)
UHCW antimicrobial selection 50 (50)

Average length of treatment with standard deviation in parentheses
was also calculated, with antimicrobial representing the average
length of treatment.



Table VI

Number of cases of ventriculitis which matched treatment length
recommended by the guidelines

Duration of treatment Number of bacterial

infections treated

Gram-positive bacteria
Treatment length less than
recommendation by guidelines

29

Recommended treatment duration 8
Treatment length greater than
recommendation by guidelines

37

Gram-negative bacteria
Treatment length less than
recommendation by guidelines

10

Recommended treatment duration 0
Treatment length greater than
recommendation by guidelines

10

For Gram-positive infections, the recommended duration of treatment
is 10e14 days. For Gram-negative infections, the recommended
treatment duration is 10e14 days, some experts suggest treatment for
21 days, [4].

Table VIII

Number of cases where antimicrobial choice was inappropriate
with rationale as to why this was considered inappropriate

Antimicrobial Number

of

cases

used

Number of

cases with

inappropriate

use

Rationale for

inappropriate use

Meropenem 41 36 Use for Gram-positive
organism

Linezolid 22 9 Use in coagulase-
negative staphylococci

Vancomycin IV 36 1 Use for Gram-negative
organism

Vancomycin IT 46 1 Use for Gram-negative
organism
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The comparative rarity of confirmed ventriculitis in UHCW
means that a long period of time is required for enough ven-
triculitis cases to have occurred to reach significance.

The duration of antimicrobial therapy was highly variable in
this study. Although the IDSA guidelines give recommendations
for the optimal treatment duration, these are based on evi-
dence from poor quality cohort studies, observational studies
and expert opinion. Treatment duration should be based on
clinical response and CSF results [47]. However, CSF culture
results are directly affected by the administration of anti-
microbials prior to CSF sample collection [48] and the CSF WCC
can vary significantly [49]. Therefore, due to variations in
documentation and poor reliability of using CSF parameters to
predict resolution of infection it is difficult to determine the
optimum antimicrobial treatment duration. There was poor
documentation for the rationale of treatment duration used or
why treatment was stopped. The mortality rate seen in this
study is representative of rates from other studies [50e52].

Poor documentation affected every aspect of our data col-
lection. Where treatment deviated from guidelines, there was
a lack of explanation in documented in paper notes. Poor
documentation of aseptic technique of CSF sampling and
method of IT antimicrobial administration may have affected
the results of this study. Although we are confident our results
reflect the reality of treatment of ventriculitis, poor doc-
umentation adds a degree of uncertainty. Often, an indication
for antimicrobials was not documented and was identified by
Table VII

Estimate of costing of the inappropriate use of meropenem and
linezolid during 2009e2019

Antimicrobial Total duration

of inappropriate

use (days)

Estimated

inappropriate

doses

Cost (£)

Meropenem 835 2505 42,752.34
Linezolid 178 356 158,420
methods described. What is more, where multiple isolates
were identified it was unclear which were considered sig-
nificant. Furthermore, was difficult to ascertain the decision
making which led to deviation from both sets of guidelines due
to the retrospective nature of this work and variable thor-
oughness of documentation. Inadequate documentation for
medication changes has been shown by studies in different
clinical areas [53,54]. Further research is needed to determine
the root cause for the absence of detailed documentation.
However, restraint should be exercised before simply recom-
mending more documentation as this alone is unlikely to lead
to significant change in patient outcomes because it reduces
time for direct patient care [55,56]. Currently, there is a multi-
disciplinary approach to the management of ventriculitis, with
microbiologist advice but with ultimate clinical responsibility
with the neurosurgical team.

The results of isolated organisms are reflected in other
studies with staphylococci being the most frequent [12,49,57].
Enterococci were the second most common isolate, which is
unusual compared to other studies [12,58]. Enterococcal CSF
infections are often polymicrobial [59]. It is possible that the
empirical use of vancomycin may have selected a single
enterococcal strain and several vancomycin-resistant enter-
ococci isolates were reported. The recent trend in some cen-
tres of increased Gram-negative isolates, especially
Acinetobacter baumannii was not observed in this neuro-
surgical centre [60,61]. The clinical significance of some of the
organisms grown in this study is not clear. Although isolates
were excluded if documented as not clinically significant, the
retrospective nature of this study means it is likely some
organisms included were not clinically significant.

This study has several limitations. The initial search may
have excluded some cases. Although ventriculitis should be
treated on the neurosurgical ward at UHCW, it is possible some
cases may have been treated elsewhere. So-called outliers
(patients who are receiving specialist medical or surgical care
in locations other than their specialist ward) are frequent, with
one study reporting just under 10% of patients receive care as
outliers [62]. Many patients in this study receiving some care on
ICU, so it is possible cases would have been missed if ven-
triculitis occurred whilst on ICU and the patient died before ICU
discharge. It is also possible that excluding CSF samples with
organisms classically causing acute meningitis, may have



Figure 3. Identification of micro-organisms isolated from CSF samples of ventriculitis cases. Full names of identified organisms are as
follows: VRE¼Vancomycin Resistant enterococci, Citrobacter koseri, Klebsiella oxytoca, Proteus miirabilis, Escherichia.
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excluded cases of ventriculitis. There are several case reports
of ventriculitis caused by such organisms [63,64]. The rarity of
such cases is unlikely to have a significant impact on the quality
of our findings.

Another potential limitation is the clustering of cases
between 2012 and 2014. As the both the IDSA and UHCW
guidelines were published in 2017, the evidence guiding the
management prior to this may have differed in recom-
mendations. However, many studies published pre-2017 show
similar treatment recommendations [5,35,65]. The costing
data may also have been affected by this clustering of cases.
We used an estimate for treatment regimes in this study and
used current pricing for meropenem and linezolid used in
cases treated over 10 years. As medication prices vary over
time [66], this value is an estimate only and the true figure will
differ. In addition to this, dosing was assumed to be that of
normal renal function and no data was collected about
patient’s renal function. Therefore, this would also over-
estimate cost if patients had reduced frequency or dose of
antimicrobial depending on their renal function [29]. Fur-
thermore, this study only analysed cases at one centre and
therefore how relatable these findings are to other sites is
difficult to comment on. However, inappropriate antimicrobial
use is well-recognised in healthcare.

To the best of our knowledge there are no other published
studies on the local management of all cases of confirmed
ventriculitis. In addition, the data presented here further sup-
ports the importance of antimicrobial stewardship. The data on
the causative organisms identified in the study may help sup-
port future empirical management of ventriculitis at UHCW.

We suggest that further studies should be conducted about
the management of suspected or culture-negative ven-
triculitis. In addition, research into the root cause of poor
documentation observed in this study should be conducted.
Future research may also investigate the possible causes for
the current trend in decline in cases. One potential cause of
this may be improved neurosurgical technique, which several
studies have shown to reduce incidence of ventriculitis
[67,68].
Conclusions

This study provides detailed analysis of the management of
confirmed ventriculitis cases at UHCW including the pattern of
causative organisms. The study highlighted the importance of
antimicrobial stewardship and the potential financial implica-
tions of inappropriate antimicrobial use.
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