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Background. Diagnosis of internal external ventricular drain (EVD)-related infections (iERI) is an area of diagnostic difficulty. 
Empiric treatment is often initiated on clinical suspicion. There is limited guidance around antimicrobial management of confirmed 
versus suspected iERI.

Methods. Data on patients requiring EVD insertion were collected from 21 neurosurgical units in the United Kingdom from 
2014 to 2015. Confirmed iERI was defined as clinical suspicion of infection with positive cerebrospinal fluid (CSF) culture and/or 
Gram stain. Cerebrospinal fluid, blood, and clinical parameters and antimicrobial management were compared between the 2 
groups. Mortality and Modified Rankin Scores were compared at 30 days post-EVD insertion.

Results. Internal EVD-related infection was suspected after 46 of 495 EVD insertions (9.3%), more common after an emergency 
insertion. Twenty-six of 46 were confirmed iERIs, mostly due to Staphylococci (16 of 26). When confirmed and suspected infections 
were compared, there were no differences in CSF white cell counts or glucose concentrations, nor peripheral blood white cell counts 
or C-reactive protein concentrations. The incidence of fever, meningism, and seizures was also similar, although altered 
consciousness was more common in people with confirmed iERI. Broad-spectrum antimicrobial usage was prevalent in both 
groups with no difference in median duration of therapy (10 days [interquartile range {IQR}, 7–24.5] for confirmed cases and 
9.5 days [IQR, 5.75–14] for suspected, P = 0.3). Despite comparable baseline characteristics, suspected iERI was associated with 
lower mortality and better neurological outcomes.

Conclusions. Suspected iERI could represent sterile inflammation or lower bacterial load leading to false-negative cultures. 
There is a need for improved microbiology diagnostics and biomarkers of bacterial infection to permit accurate discrimination 
and improve antimicrobial stewardship.
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External ventricular drain (EVD) insertion is a common neu
rosurgical procedure for cerebrospinal fluid (CSF) diversion 
to manage raised intracranial pressure due to CSF obstruc
tion. In addition to external skin and soft tissue infection, 
a major complication is internal EVD-related infection 
(iERI), resulting in meningitis or ventriculitis. This is 

associated with increased length of stay, healthcare costs, 
morbidity, and mortality [1, 2]. In our recent prospective 
multicenter United Kingdom (UK) cohort study, including 
495 EVD insertions, we reported an iERI incidence of 
9.3%, consistent with the 5%–10% reported in the literature 
[3–5]. Incidence is associated with catheter type, dwell 
time, and sampling frequency [5]. Practices to prevent iERI 
include the use of antimicrobial-impregnated catheters [6] 
and standardized protocols regarding insertion procedure 
and catheter maintenance [7, 8].

Staphylococci, especially coagulase-negative staphylococci 
(CoNS), are the most common aetiologic agents of iERI, but in
fection can also be due to Gram-negative bacilli [4, 9–11]. 
When iERI is suspected, empiric systemic antimicrobial thera
py is initiated before CSF microbiology results, and it usually 
includes intravenous vancomycin and a carbapenem or anti
pseudomonal cephalosporin. Management involves device re
placement to achieve source control combined with 7–14 
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days of antimicrobial therapy based on microbiology results. 
For suspected iERI with negative microbiological investiga
tions, there is no clearly defined consensus regarding the du
ration of therapy. The Infection in Neurosurgery Working 
Party of the British Society for Antimicrobial Chemotherapy 
suggest initial empirical treatment, which should be discon
tinued if culture is negative after 3 days [12]. In cases in which 
a patient’s CSF sample is culture negative, diagnosis relies 
largely on clinical assessment, such as the presence of a fever 
or altered consciousness, and on CSF studies, including lym
phocytosis and hypoglycorrhachia. However, this method of 
diagnosis is complicated by systemic and local inflammation 
due to the primary disease; for example, subarachnoid blood 
can lead to features of fever, meningism, and CSF pleocytosis 
[13]. A recent meta-analysis has found that no single CSF, se
rum, or clinical feature can be used on its own to distinguish 
bacterial meningitis associated with EVDs from sterile inflam
mation [14].

To add to the clinical characterization of suspected and 
confirmed iERI, we analyzed data from a previously report
ed UK multicenter cohort of patients treated for iERI 
to compare diagnostic parameters and antimicrobial 
practices.

METHODS

Data Collection

Data were collected across 21 neurosurgical units in the UK 
and Ireland from November 2014 to May 2015 as part of 
the British Neurosurgical Trainee Research Collaborative 
(BNTRC). Patients of any age with any tunneled EVD cathe
ter, without evidence of pre-existing infection, were included 
in the study [5]. Internal EVD-related infection was classified 
as confirmed or suspected (Table 1) [15]. Data including de
mographic information (age, sex), neurological status at 
baseline and at 30 days, details of EVD insertion and mainte
nance, laboratory parameters, antimicrobial prophylaxis, and 
treatment received including type, route, and duration, and 
mortality at 30 days were collected. Neurological status was 
assessed using the Glasgow Coma Score (GCS) and 
Modified Rankin Score (mRS), a measure of neurological dis
ability [16].

Statistical Analysis

GraphPad Prism (Version 9.3.1) and IBM SPSS Statistics 
(Version 28) were used for statistical analysis and plotting 
graphs. Categorical variables were compared by χ2 tests and 
continuous variables were compared by Mann-Whitney U tests 
(Shapiro-Wilk test demonstrated nonnormal data distribu
tion). A P < .05 indicated statistical significance.

Patient Consent Statement

Approval for the study was previously granted by the audit and 
clinical governance committees of participating hospitals, as 
described in Jamjoom et al [5]. Patient consent was not re
quired as this was an audit of routine data.

RESULTS

Included Patients

A total of 495 EVD insertions were included in the study and an 
iERI was confirmed or suspected in 46 of these (9.3%) (Figure 1). 
In 26 of 46 (56.5%) cases, 1 or more organisms were identified by 
either culture or Gram stain of CSF, meeting our definition of 
confirmed infection. At baseline, there were no significant dif
ferences between people with confirmed/suspected iERI consid
ering baseline mRS, preoperative ASA grade, preoperative GCS, 
indication for EVD insertion, or time to infection (Table 2). 
People with confirmed iERI were more likely to have undergone 
an emergency EVD insertion (73% vs 35%; P = .02). The major
ity of cases received antimicrobial prophylaxis peri-insertion 
(84.8%), and all but 1 case received antimicrobials within 24 
hours of EVD insertion. This is in line with recommendations 
from the Neurocritical Care Society Consensus Statement for 
EVD management [17]. The median duration of EVD place
ment was 13 days in suspected infections (IQR, 10–16) and 14 
days in confirmed infections (IQR, 9–18; P = .95), compared 
to 8 days (IQR, 4–13) in the overall cohort.

Microbiologic Findings

Of confirmed cases, 21 cases had Gram-positive pathogens 
identified, mostly CoNS (n = 10) or Staphylococcus aureus 
(n = 6) (Supplementary Table 1). Gram-negative pathogens 
were infrequently identified (n = 8). In 4 cases, coinfection 
was identified: 1 CoNS and Enterobacter spp coinfection, 1 
CoNS and Streptococcus spp, 1 Pseudomonas aeruginosa and 
Klebsiella pneumoniae, and 1 S aureus and Enterococcus spp.

Diagnostic and Clinical Parameters

We compared CSF parameters, blood inflammatory markers, 
and clinical features between cases of suspected and confirmed 
iERI (Figure 2). Despite the microbiologic differences between 
the 2 groups, no differences in measured CSF or blood param
eters were identified. People with confirmed iERI were more 
likely to have altered consciousness at the time of diagnosis 
(46% vs 10%), but clinical findings of fever, meningism, and 

Table 1. Definitions of Confirmed and Suspected iERI Used in This Study

Classification Definition

Confirmed 1. Clinical suspicion of iERI
2. Microbiologic confirmation (1 of the following): 

2.1. Positive CSF culture
2.2. Positive CSF Gram stain

Suspected 1. Clinical suspicion of iERI
2. Negative CSF culture and Gram stain

Abbreviations: CSF, cerebrospinal fluid; iERI, internal external ventricular drain-related 
infection.
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seizures were not different between the 2 groups. There was no 
significant difference in time to infection between confirmed 
and suspected ERIs (confirmed median 9 days [IQR, 2–16]; 
suspected median 7 days [IQR, 6–11]; P = .7).

Despite comparable baseline mRS, GCS, and ASA (Table 2), 
suspected iERI was associated with lower 30-day mortality 
(suspected 0% vs confirmed 23.1%, P = .03) and 30-day mRS 
(suspected median 2.5 [IQR, 1–4] vs confirmed 4.5 [IQR, 
3–5]; P = .03).

Antimicrobial Treatment

The majority (24 of 46) of patients received a combination of 
intravenous and intrathecal antimicrobials (Figure 3). 
Intravenous meropenem (43.4%, n = 20) and intravenous van
comycin (37.0%, n = 17) were the most commonly used indi
vidual antimicrobials across all ERIs (Table 3). Vancomycin 
monotherapy was the most common intrathecal treatment 
(n = 24). The median length of antimicrobial treatment for 
the entire cohort was 10 days (IQR, 6.75–14.0). The median 
length of treatment was 10 days (IQR, 7–24.5) for confirmed 
cases and 9.5 days (IQR, 5.75–14) for suspected cases (P = .3).

Consistent with the primarily Gram-positive microbiologic 
findings, intravenous vancomycin was the most commonly 
used antimicrobial in confirmed iERI (46%). Suspected iERIs 

were predominantly treated with intravenous meropenem 
(43%). Intrathecal antimicrobials were more commonly used 
in confirmed cases (81%) than in suspected cases (55%). 
Vancomycin was the most common intrathecal antimicrobial 
therapy for both groups. For confirmed cases, intrathecal therapy 
was largely guided by microbiology (Supplementary Table 2). 
For Gram-positive bacteria, the majority of cases were treated 
with intrathecal vancomycin monotherapy (n = 13); 1 case 
with Pseudomonas aeruginosa was treated with intrathecal gen
tamicin, whereas 1 case of CoNS was treated with combined in
trathecal gentamicin and vancomycin. Intrathecal gentamicin 
monotherapy was used for cases with Gram-negative bacteria.

Two confirmed cases were treated with adjunctive rifampicin 
in conjunction with intravenous and intrathecal antimicrobi
als. One case of S aureus iERI received rifampicin with intrave
nous cefotaxime, meropenem, gentamicin, and vancomycin, 
and intrathecal vancomycin; 1 case of Staphylococcus epidermis 
iERI received rifampicin with intravenous meropenem and in
trathecal vancomycin.

DISCUSSION

This study found no significant differences in CSF or blood 
results between suspected and confirmed IERI. Altered 

Figure 1. Study cohort overview. *, Two organisms found in culture, matching morphology for 1 organism on Gram stain. EVD, external ventricular drain; ERI, EVD-related 
infection;
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consciousness was more common in the confirmed cases and 
no other clinical features were markedly different between 
the 2 groups. Modified Rankin Score and mortality at 30 days 
were higher in confirmed cases, supporting differences in pa
thology between the 2 groups. Intravenous antimicrobial ther
apy was widely used for both groups, with no significant 
differences in duration. Intravenous vancomycin was more 
commonly used in confirmed cases, whereas intravenous mer
openem was used widely in both groups. Intrathecal antimicro
bial therapy was used more commonly in confirmed cases, with 
choices largely reflecting microbiologic findings.

Culture-negative cases with a high suspicion for iERI remain 
an area of diagnostic and treatment difficulty due to confound
ing factors such as previous antimicrobial therapy and sterile 
inflammation from the original pathology or procedure [18]. 
The results of this study found no significant differences in bio
chemical tests between confirmed and suspected ERIs, which 

has been mirrored in the rest of the field. In a recent meta- 
analysis, researchers found that there is no CSF, blood, or mi
crobiological measure that can on its own differentiate between 
bacterial and aseptic iERI [14]. On the other hand, positive cul
tures alone, without other correlating features, may represent 
contamination or colonization, rather than infection, with a 
false-positive rate of up to 20% [4, 14]. This suggests a more 
comprehensive diagnostic approach is needed, as presented 
by Hussein et al [11], whose institution has implemented an al
gorithm incorporating consideration of several diagnostic 
markers for diagnosis of IERI.

Overall, the majority of iERIs received intravenous antimi
crobial treatment. The majority of suspected iERIs were treated 
with intravenous antimicrobials, and a large proportion re
ceived intravenous meropenem as part of empiric treatment, 
indicating that culture-negative iERIs are likely to be treated 
with broad-spectrum antimicrobials in UK neurosurgical units. 

Table 2. Characteristics of Patients With Confirmed and Suspected iERIa

Characteristics
All 

(n = 46)
Suspected 

(n = 20)
Confirmed 

(n = 26) P Valueb

Demographics

Age, years, mean (SD) 48.8 (±18.1) 52.7 (±17.3) 45.8 (±18.5) .20

Female sex 25 (54.3) 12 (60) 13 (50) .56

Reason for EVD insertion .13

Congenital, IIH, and NPH 2 (4.3) 1 (5.0) 1 (3.8)

Infectious blockage 1 (2.2) 1 (5.0) 0 (0.0)

Neurovascular 33 (71.7) 15 (75.0) 18 (69.2)

Other 1 (2.2) 0 (0.0) 1 (3.8)

Trauma 3 (6.5) 1 (5.0) 2 (7.7)

Tumour 6 (13.0) 2 (10.0) 4 (15.4)

Urgency of Insertion .02

Emergency 26 (56.5) 7 (35.0) 19 (73.1)

Urgent 20 (43.5) 13 (65.0) 7 (26.9)

Preoperative ASA Grade .62

1 10 (21.7) 3 (15.0) 7 (26.9)

2 11 (23.9) 7 (35.0) 4 (15.4)

3 11 (23.9) 5 (25.0) 6 (23.1)

4 11 (23.9) 4 (20.0) 7 (26.9)

5 3 (6.5) 1 (5.0) 2 (7.7)

Preoperative GCS, median (IQR) 9 (4–12) 9 (7–11) 9 (3–12.5) .96

Catheter Type .01

Plain 12 (26.1) 1 (5.0) 11 (42.3)

Silver-bearing 20 (43.5) 12 (60.0) 8 (30.8)

Antibiotic-impregnated 14 (30.4) 7 (35.0) 7 (26.9)

Antimicrobial prophylaxis .65

At inductionc 39 (84.8) 16 (80) 23 (88.5)

<24 hours of insertion 3 (6.5) 2 (1.0) 1 (3.8)

Already receiving 3 (6.5) 2 (1.0) 1 (3.8)

None 1 (2.2) 0 1 (3.8)

Time from insertion to iERI, days, median (IQR) 8.5 (5.1–15.0) 7.08 (5.6–11.1) 8.91 (2.4–15.5) .71

Abbreviations: ASA, American Society of Anesthesiologists; EVD, external ventricular drain; GCS, Glasgow Coma Score; iERI, internal EVD-related infection; IIH, idiopathic intracranial 
hypertension; IQR, interquartile range; NPH, normal pressure hydrocephalus; SD, standard deviation.  
an (%) unless otherwise stated. χ2 tests used for categorical variables, Mann-Whitney U tests for continuous/ordinal variables.  
bSuspected versus confirmed.  
cInduction of anesthesia for EVD insertion.
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This corresponds to consensus in the field to treat suspected 
iERIs empirically before confirmation with microbiological 
tests [12, 19], with most authors recommending intravenous 
vancomycin and an antipseudomonal cephalosporin or carba
penem [3, 11, 19, 20]. Without culture results available in these 
cases to guide antimicrobial treatment options, it is difficult to 
step down antimicrobial treatment, leading to protracted use of 
broad-spectrum antimicrobials [21]. In contrast, a greater pro
portion of confirmed iERIs included intravenous vancomycin 
as part of the antimicrobial regime than in suspected iERIs, 
likely reflecting targeted treatment for CoNS, which was the 
most common cultured organism. This further highlights the 
need for more sensitive identification of true bacterial infection, 
to be able to appropriately target antimicrobial treatment. 
However, meropenem was still used in a significant minority 

of confirmed iERIs, demonstrating a possible area for improve
ment in optimization of antimicrobials.

More than two thirds of iERIs overall received intrathecal an
timicrobials, in which a smaller proportion of suspected iERIs re
ceived intrathecal treatment compared with confirmed iERIs. 
Intrathecal antimicrobials are generally recommended in cases 
with poor response to intravenous antimicrobials, although there 
is weak evidence at present for their efficacy versus safety for in
trathecal administration [11, 17, 19]. However, intrathecal van
comycin, for iERI secondary to CoNS, is recommended for 
first line use by the Neurosurgery Working Party of the British 
Society for Antimicrobial Chemotherapy [12]. In favor of intra
thecal administration, several studies have found that there is de
creased mortality and earlier stabilization of CSF parameters 
when intrathecal and intravenous antimicrobials are used in 

Figure 2. Cerebrospinal fluid (CSF), blood, and clinical parameters. The CSF glucose results were recorded for 11 cases of suspected internal external ventricular drain- 
related infection (iERI) and 14 cases of confirmed iERI. Data points represent patients. Bars on dot plots show median and interquartile range. A: CSF parameters; B: Peripheral 
blood parameters; C: Clinical features. *, P < .05, ns: not significant.

Diagnostic and Management of Internal ERI • OFID • 5



conjunction compared with intravenous therapy alone [11, 22, 
23]. Furthermore, intraventricular vancomycin and gentamicin 
have been found to be safe and effective in terms of sterile CSF 
cultures and clinical outcome [22, 24, 25]. Our results show 
that the majority of culture-positive iERIs are treated with intra
thecal antimicrobials in the UK, which is predominantly 
pathogen-directed. We also find that suspected iERIs are still 
likely to receive intrathecal antimicrobials, possibly due to lack 

of response from the patient with systemic antimicrobials. 
Finally, the average length of antimicrobial treatment found in 
this study was 10 days overall, with no significant difference be
tween the suspected and confirmed groups. This possibly reflects 
adherence to a standard duration of treatment of 10 days as per 
recommendations [11, 19].

Patients with suspected and confirmed iERIs had compara
ble median durations of EVD placement, which were longer 
than the overall median. We had previously reported from 
this cohort that those with either suspected or confirmed 
iERIs were significantly more likely to have a median duration 
of EVD placement above 8 days [5]. This, along with finding a 
similar duration of antibiotic treatment between the 2 groups, 
could contribute to a longer inpatient stay and increased asso
ciated healthcare costs in suspected iERIs. However, it would be 
useful for future studies to more explicitly evaluate the effects of 
antimicrobial use in suspected iERI on costs and length of stay.

This study had several important limitations. Because data 
collection was across multiple neurosurgical units in the UK, 
there will be intersite differences in practice and selection 
bias of cases recorded at different sites. Follow-up CSF results, 
clinical evidence of external iERI, antibiograms of organisms, 
paired plasma glucose, and blood culture results were not col
lected in the case report form. Furthermore, the small sample 
remains relatively small.

CONCLUSIONS

Overall, this study finds wide use of intravenous broad- 
spectrum antimicrobials in both culture-positive and culture- 

Figure 3. Flowchart of antimicrobials received.

Table 3. Antimicrobial Usage in Confirmed and Suspected iERIa

Antimicrobial used
All 

(n = 46)
Suspected 

(n = 20)
Confirmed 

(n = 26)

Intravenous

Meropenem 20 (43.4) 11 (55.0) 9 (34.6)

Linezolid 4 (8.7) 2 (10.0) 2 (7.7)

Vancomycin 17 (37.0) 5 (25.0) 12 (46.2)

Ceftriaxone 4 (8.7) 2 (10.0) 2 (7.7)

Gentamicin 3 (6.5) 1 (5.0) 2 (7.7)

Flucloxacillin 2 (4.3) 0 (0.0) 2 (7.7)

Cefotaxime 6 (13.0) 2 (10.0) 4 (15.4)

Cefuroxime 1 (2.2) 1 (5.0) 0 (0.0)

Piperacillin-tazobactam 4 (8.7) 2 (10.0) 2 (7.7)

Otherb 4 (8.7) 2 (10.0) 2 (7.7)

Not known 8 (17.4) 4 (20.0) 4 (15.4)

Intrathecal

Vancomycin 27 (58.7) 11 (55.0) 16 (61.5)

Gentamicin 6 (13.0) 1 (5.0) 5 (19.2)

Otherb 2 (4.3) 0 (0.0) 2 (7.7)

None 14 (30.4) 9 (45.0) 5 (19.2)

Abbreviations: iERI, internal external ventricular drain-related infection.  
aTable shows n (%).  
bOther antibiotic—not specified.
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negative iERIs, with no significant differences in biochemical 
markers, clinical features, or duration of antimicrobial use. 
Despite this, suspected iERIs seem to have better outcomes in 
terms of neurological disability and mortality at 30 days. This 
could indicate that suspected iERIs may be due to a different 
pathology, such as sterile inflammation post-neurosurgical 
procedure, or may indicate that suspected iERIs represent in
fections that have a lower bacterial load so are less severe, lead
ing to false-negative cultures.

Our results highlight iERIs as an area for optimization of 
diagnostic practice to promote antimicrobial stewardship. In 
this respect, future work should focus on identifying 
infection-specific non-microbiological biomarkers. Some pos
sible candidates include nucleic acid amplification assays, 
CSF cytokines (interleukin-6), CSF lactate, or CSF procalcito
nin, which have had variable results in the literature so far 
[26–30]. 16S rRNA has had a number of studies evaluating 
its diagnostic value, and it may be of use for culture-negative 
suspected iERIs [31, 32]. Future research could also include 
work on developing and validating scoring systems, diagnostic 
trees [11], or predictive algorithms, which have previously been 
found to have high accuracy in differentiating between bacteri
al and viral meningitides [33]. This would be significant not 
only from a diagnostic standpoint, but for promotion of anti
microbial stewardship, to reduce unnecessary use of broad- 
spectrum antimicrobials, especially meropenem.

It would be worthwhile for future audits to include an assess
ment of the impact of antimicrobial use in suspected iERIs. 
This could include adverse drug reactions, Clostridioides diffi
cile infection, and subsequent infection or colonization with 
antimicrobial-resistant organisms [34], as well as healthcare 
costs and duration of stay. Furthermore, there is presently a 
paucity of high-quality evidence for the efficacy and safety of 
intrathecal vancomycin and gentamicin, despite their frequent 
use in our study, other institutions [11], and recommendation 
by the Neurosurgery Working Party [12]. Future work should 
evaluate their effectiveness, pharmacokinetics, and safety fur
ther to work towards licensing their intrathecal use.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the 
authors, so questions or comments should be addressed to the correspond
ing author.

Acknowledgments
Author contributions. A. I. A. contributed to conception of study, data 

acquisition, and manuscript drafting; C. D. R. contributed to data analysis 
and manuscript writing; S. Y. S. contributed to data analysis and manu
script writing; A. A. B. J. contributed to conception of study, data acquisi
tion, and manuscript drafting/editing; M. T. P. contributed to manuscript 
drafting/editing; A. L. M. contributed to manuscript drafting/editing. All 
authors approved the submitted version of the article.

Financial support. C. D. R. is funded by an Edinburgh Clinical 
Academic Track (ECAT)/Wellcome Trust PhD Training Fellowship for 
Clinicians award (214178/Z/18/Z).

Potential conflicts of interest. All authors: No reported conflicts of inter
est. All authors have submitted the ICMJE Form for Disclosure of Potential 
Conflicts of Interest.

Authorship Supplement

British Neurosurgical Trainee Research Collaborative Collaborators: 
M.A.H. Abdulla, A. Alalade, M. Bailey, S. Basu, I. Baudracco, R. Bayston, 
A. Bhattacharya, P. Bodkin, M. Boissaud-Cooke, S. Bojanic, P.M. 
Brennan, D.O. Bulters, N. Buxton, A. Chari, R. Corns, C. Coulter, 
I. Coulter, G. Critchley, A. Dando, R. Dardis, J. Duddy, E. Dyson, 
R. Edwards, M. Garnett, S. Gatcher, H. Georges, L.J. Glancz, W.P. Gray, 
J. Hallet, J. Harte, P. Haylock-Vize, P.J. Hutchinson, H. Humphreys, 
M.D. Jenkinson, A.J. Joannides, J. Kandasamy, J. Kitchen, A.G. Kolias, 
J.J.M. Loan, R. Ma, H. Madder, C.L. Mallucci, A. Manning, S. Mcelligott, 
N. Mukerji, H. Narayanamurthy, D. O’Brien, M. Okasha, 
M. Papadopoulos, V. Phan, I. Phang, J. Poots, C. Rajaraman, J. Roach, 
N. Ross, F. Sharouf, D. Shastin, N. Simms, L. Steele, A. Solth, T. Tajsic, 
S. Talibi, G. Thanabalasundaram, M. Vintu, Y. Wan, D. Wang, 
L. Watkins, K. Whitehouse, P.C. Whitfield, A. Williams, M. Zaben.

References
1. Lyke KE, Obasanjo OO, Williams MA, et al. Ventriculitis complicating use of in

traventricular catheters in adult neurosurgical patients. Clin Infect Dis 2001; 33: 
2028–33.

2. Luque-Paz D, Revest M, Eugène F, et al. Ventriculitis: a severe complication of 
central nervous system infections. Open Forum Infect Dis 2021; 8:ofab216. doi:
10.1093/ofid/ofab216.

3. Widén J, Eriksson BM, Ronne-Engström E, et al. Ventriculostomy-related infec
tions in subarachnoid hemorrhage patients—a retrospective study of incidence, 
etiology, and antimicrobial therapy. Acta Neurochir (Wien) 2017; 159:317–23.

4. Lozier AP, Sciacca RR, Romagnoli MF, et al. Ventriculostomy-related infections: a 
critical review of the literature. Neurosurgery 2002; 51:170–82.

5. Jamjoom AAB, Joannides AJ, Poon MTC, et al. Prospective, multicentre study of 
external ventricular drainage-related infections in the UK and Ireland. J Neurol 
Neurosurg Psychiatry 2018; 89:120–6.

6. Sheppard JP, Ong V, Lagman C, et al. Systemic antimicrobial prophylaxis and 
antimicrobial-coated external ventricular drain catheters for preventing 
ventriculostomy-related infections: a meta-analysis of 5242 cases. Neurosurgery 
2020; 86:19–29.

7. Flint AC, Toossi S, Chan SL, et al. A simple infection control protocol durably re
duces external ventricular drain infections to near-zero levels. World Neurosurg 
2017; 99:518–23.

8. Walek KW, Leary OP, Sastry R, et al. Decreasing external ventricular drain infec
tion rates in the neurocritical care unit: 12-year longitudinal experience at a single 
institution. World Neurosurg 2021; 150:e89–e101.

9. Wang KW, Chang WN, Huang CR, et al. Post-neurosurgical nosocomial bacterial 
meningitis in adults: microbiology, clinical features, and outcomes. J Clin 
Neurosci 2005; 12:647–50.

10. Mounier R, Lobo D, Cook F, et al. Clinical, biological, and microbiological pattern 
associated with ventriculostomy-related infection: a retrospective longitudinal 
study. Acta Neurochir (Wien) 2015; 157:2209–17; discussion 2217.

11. Hussein K, Bitterman R, Shofty B, et al. Management of post-neurosurgical men
ingitis: narrative review. Clin Microbiol Infect 2017; 23:621–8.

12. Brown EM, de Louvois J, Bayston R, et al. The management of neurosurgical pa
tients with postoperative bacterial or aseptic meningitis or external ventricular 
drain-associated ventriculitis. Infection in Neurosurgery Working Party of the 
British Society for Antimicrobial Chemotherapy. Br J Neurosurg 2000; 14:7–12.

13. de Oliveira Manoel AL, Macdonald RL. Neuroinflammation as a target for inter
vention in subarachnoid hemorrhage. Front Neurol 2018; 9:292.

14. Dorresteijn KRIS, Jellema K, van de Beek D, et al. Factors and measures predicting 
external CSF drain-associated ventriculitis: a review and meta-analysis. 
Neurology 2019; 93:964–72.

15. Keong N, Bulters D, Richards H, et al. The SILVER (silver impregnated line versus 
EVD randomized trial): a double-blind, prospective, randomized, controlled trial 
of an intervention to reduce the rate of external ventricular drain infection. 
Neurosurgery 2012; 71:394–404.

Diagnostic and Management of Internal ERI • OFID • 7

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac480#supplementary-data
https://doi.org/10.1093/ofid/ofab216


16. van Swieten JC, Koudstaal PJ, Visser MC, et al. Interobserver agreement for the as
sessment of handicap in stroke patients. Stroke 1988; 19:604–7.

17. Fried HI, Nathan BR, Rowe AS, et al. The insertion and management of external 
ventricular drains: an evidence-based consensus statement: a statement for 
healthcare professionals from the neurocritical care society. Neurocrit Care 
2016; 24:61–81.

18. Dorresteijn KRIS, Brouwer MC, Jellema K, et al. Bacterial external ventricular 
catheter-associated infection. Expert Rev Anti Infect Ther 2020; 18:219–29.

19. Tunkel AR, Hasbun R, Bhimraj A, et al. 2017 Infectious Diseases Society of 
America’s Clinical Practice Guidelines for healthcare-associated ventriculitis 
and meningitis. Clin Infect Dis 2017; 64:e34–65.

20. Pelegrin I, Gomez-Junyent J, Sabe N, et al. Management of ventriculoperitoneal 
shunt infections in adults: analysis of risk factors associated with treatment fail
ure. Clin Infect Dis 2017; 64:989–97.

21. Russell CD, Laurenson IF, Evans MH, et al. Tractable targets for meropenem- 
sparing antimicrobial stewardship interventions. JAC Antimicrob Resist 2019; 
1:dlz042. doi:10.1093/jacamr/dlz042.

22. Wang JH, Lin PC, Chou CH, et al. Intraventricular antimicrobial therapy in 
postneurosurgical gram-negative bacillary meningitis or ventriculitis: a 
hospital-based retrospective study. J Microbiol Immunol Infect 2014; 47: 
204–10.

23. Chen K, Wu Y, Wang Q, et al. The methodology and pharmacokinetics study of 
intraventricular administration of vancomycin in patients with intracranial infec
tions after craniotomy. J Crit Care 2015; 30:218.e1–5.

24. Ng K, Mabasa VH, Chow I, et al. Systematic review of efficacy, pharmacokinetics, 
and administration of intraventricular vancomycin in adults. Neurocrit Care 
2014; 20:158–71.

25. Tangden T, Enblad P, Ullberg M, et al. Neurosurgical Gram-negative bacillary 
ventriculitis and meningitis: a retrospective study evaluating the efficacy of intra
ventricular gentamicin therapy in 31 consecutive cases. Clin Infect Dis 2011; 52: 
1310–6.

26. Rath PM, Schoch B, Adamzik M, et al. Value of multiplex PCR using cerebrospi
nal fluid for the diagnosis of ventriculostomy-related meningitis in neurosurgery 
patients. Infection 2014; 42:621–7.

27. Banks JT, Bharara S, Tubbs RS, et al. Polymerase chain reaction for the rapid de
tection of cerebrospinal fluid shunt or ventriculostomy infections. Neurosurgery 
2005; 57:1237–43; discussion 1237–43.

28. Hopkins SJ, McMahon CJ, Singh N, et al. Cerebrospinal fluid and plasma cyto
kines after subarachnoid haemorrhage: CSF interleukin-6 may be an early marker 
of infection. J Neuroinflammation 2012; 9:732.

29. Maskin LP, Capparelli F, Mora A, et al. Cerebrospinal fluid lactate in post-neurosurgical 
bacterial meningitis diagnosis. Clin Neurol Neurosurg 2013; 115:1820–5.

30. Wei TT, Hu ZD, Qin BD, et al. Diagnostic accuracy of procalcitonin in bacterial 
meningitis versus nonbacterial meningitis: a systematic review and meta-analysis. 
Medicine (Baltimore) 2016; 95:e3079.

31. Rampini SK, Bloemberg GV, Keller PM, et al. Broad-range 16S rRNA gene poly
merase chain reaction for diagnosis of culture-negative bacterial infections. Clin 
Infect Dis 2011; 53:1245–51.

32. Perdigão Neto LV, Medeiros M, Ferreira SC, et al. Polymerase chain reaction tar
geting 16S ribosomal RNA for the diagnosis of bacterial meningitis after neuro
surgery. Clinics 2021; 76:e2284.

33. Mentis AFA, Garcia I, Jiménez J, et al. Artificial intelligence in differential diag
nostics of meningitis: a nationwide study. Diagnostics 2021; 11:602.

34. Murray CJ, Ikuta KS, Sharara F, et al. Global burden of bacterial antimicrobial re
sistance in 2019: a systematic analysis. Lancet 2022; 399:629–55.

8 • OFID • Sohn et al

https://doi.org/10.1093/jacamr/dlz042

	Comparison of Suspected and Confirmed Internal External Ventricular Drain-Related Infections: A Prospective Multicenter United Kingdom Observational Study
	METHODS
	Data Collection
	Statistical Analysis
	Patient Consent Statement

	RESULTS
	Included Patients
	Microbiologic Findings
	Diagnostic and Clinical Parameters
	Antimicrobial Treatment

	DISCUSSION
	CONCLUSIONS
	Supplementary Data
	Acknowledgments
	Authorship Supplement
	References


