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Abstract

Background: Patients with hemorrhagic stroke and an external ventricular drain in situ are at risk for ventriculos-
tomy-related-infections (VRI). Because of the contamination of the cerebrospinal fluid (CSF) with blood and the high
frequency of false negative CSF culture, the diagnosis of VRI remains challenging. This study investigated the introduc-
tion of CSF broad range eubacterial polymerase chain reaction (ePCR) and its effect on frequency and duration of
antibiotic therapy for VRI, neurocritical care unit (NCCU) length of stay, related costs, and outcome.

Methods: Between 2020 and 2022, we prospectively included 193 patients admitted to the NCCU of the University
Hospital of Zirich with hemorrhagic stroke and an external ventricular drain for more than 48 h. Patient character-
istics, serum inflammatory markers, white blood cell count in CSF, use and duration of antibiotic treatment for VR,
microbiological findings (CSF cultures and ePCR tests), and NCCU length of stay were compared in patients with no
infection, noncerebral infection, suspected VRI, and confirmed VRI. Data of patients with suspected VRI of this cohort
were compared with a retrospective cohort of patients with suspected VRI treated at our NCCU before the introduc-
tion of CSF ePCR testing (2013-2019).

Results: Out of 193 patients, 12 (6%) were diagnosed with a confirmed VRI, 66 (34%) with suspected VRI, 90 (47%)
with a noncerebral infection, and 25 (13%) had no infection at all. Compared with the retrospective cohort of patients,
the use of CSF ePCR resulted in a reduction of patients treated for suspected VRI for the whole duration of 14 days
(from 51 to 11%). Furthermore, compared with the retrospective group of patients with suspected VRI (n=67), after
the introduction of CSF ePCR, patients with suspected VRI had shorter antibiotic treatment duration of almost 10 days
and, hence, lower related costs with comparable outcome at 3 months,

Conclusions: The use of CSF ePCR to identify VRI resulted in shorter antibiotic treatment duration without changing
the outcome, as compared with a retrospective cohort of patients with suspected VRI.
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Introduction

Ventriculostomy-related infections (VRI) are frequent in
patients with hemorrhagic stroke and are associated with
increased morbidity and mortality [1-4]. Risk factors for
VRI include duration of catheterization, presence of sub-
arachnoid hemorrhage (especially in patients with intra-
ventricular hemorrhage), penetrating or open traumatic
brain injury, basilar skull fractures with cerebrospinal
fluid (CSF) leak, and neurosurgical procedures [5].

Various factors hinder diagnosing VRI. Currently,
no standardized definition of VRI exists [6]. Thus, the
reported prevalence of VRI varies widely (from 0 to 22%)
with an average incidence of 8% [4, 7]. After a hemor-
rhagic stroke, CSF pleocytosis, glucose, and protein levels
should be evaluated cautiously in patients with suspected
VRI, due to the contamination with blood [2]. Similarly,
fever, headache, and meningeal signs—described criteria
for VRI—might be associated to the underlying disease
further than to VRI [8, 9]. Furthermore, following prior
antibiotic therapy, up to 20% of the CSF cultures might
return as a false negative result [3].

The use of broad range eubacterial polymerase chain
reaction (ePCR) for detection of bacterial agents in CSF is
promising, however, its use is still not widely established.
Bacterial DNA can be detected by amplification (poly-
merase chain reaction [PCR]) and subsequent sequence
analysis of the 16S rRNA gene [10, 11]. Compared with
the classical microbiology assays, ePCR results return
sooner, they are less prone to false negative results in
patients previously treated with antibiotic therapy, and
they might reveal novel etiologic microorganisms [6].

In neurosurgical patients, due to postsurgical changes,
invasive devices, and prior antibiotic exposure [12—14]
the diagnosis of VRI remains challenging. Moreover, in
patients with hemorrhagic stroke, CSF contamination
with blood makes the interpretation of the laboratory
values even more difficult [15]. Previous studies con-
ducted in patient populations with hemorrhagic stroke
and VRI did not investigate the role of CSF ePCR [16-
18]. Additionally, studies that investigated the role of the
CSF ePCR in patients with VRI did not refer to this spe-
cific patients’ population [19-22].

Thus, the objective of this study was to determine
whether the introduction of routine CSF ePCR in patients
with hemorrhagic stroke and suspected VRI had resulted
in a reduction of the frequency of “confirmed” VRI, in
a reduction of the length of stay (LOS) at the intensive
care unit (ICU), in a comparable or better outcome, and

in a reduction of the use of antibiotic medication for VRI
treatment in terms of duration and costs compared with
a patient cohort treated at our ICU prior to the introduc-
tion of ePCR.

Methods

The study was approved by the local ethics commit-
tee (Kantonale Ethikkommission Ziirich, BASEC-
Nr2021-00631) and was in accordance with the ethical
standards laid down in the 2013 Declaration of Helsinki
for research involving human study participants.

Study Population, Inclusion, and Exclusion Criteria

All patients admitted between January 1st, 2020, and
November 30th, 2022, to the neurocritical care unit
(NCCU) of the University Hospital Ziirich were prospec-
tively screened for eligibility. Inclusion criteria were (1)
age (>18 years); (2) insertion of an external ventricular
drain (EVD) at the Department of Neurosurgery, Univer-
sity Hospital Ziirich; (3) EVD in situ for more than 48 h.
Exclusion criteria was patient’s written or documented
oral refusal to have his or her data analyzed for research
projects.

EVD Management and VRI Screening

At our institution, EVDs are inserted by a neurosurgical
consultant in the operating room or at the NCCU under
sterile conditions. Silver impregnated lines (Silverline,
Spiegelberg, Germany) are used. Prophylactic antibiotic
therapy with cefuroxime is administered as a single shot.
CSF samples are routinely collected twice weekly and
additionally in case of a suspected VRI. CSF is extracted
from the EVD under sterile conditions. The first 2 ml
of CSF are discarded. The next 3 ml of CSF are used for
laboratory analyses. Because of the large proportion
of patients with intraventricular blood, measurements
of CSF glucose, lactate, and protein are not helpful and
thus not routinely performed. The white blood cell count
(WBC) within CSF is corrected for the number of eryth-
rocytes (red blood cell count [RBC]) within the sample,
according to the formula: corrected WBC=reported
CSF-WBC - ([WBC in peripheral blood x RBC in CSF] /
[RBC in peripheral blood]).

VRI Diagnostic Criteria

The diagnostic criteria used in our institution are based
on the recommendations of the Infectious Diseases
society of America (IDSA) [8]. The exact clinical and



laboratory criteria used are described below. The main
difference between the recommendations of the IDSA
and our local protocol is in the use of ePCR in addition
to CSF culture to confirm the presence of or to exclude
a VRI. A VRI is suspected and treated with antibiotics
in case of at least two of the following conditions start-
ing two or more days after EVD-insertion:

(a) Clinical signs of VRI (fever, defined as a tempera-
ture of > 38.3 °C measured in-ear/bladder or>38 °C
measured within the brain tissue, meningeal irrita-
bility, and/or unclear neurological deterioration not
better explained by an alternative cause, e.g., increas-
ing intracranial pressure, progression of hemorrhage,
cerebral vasospasm, etc.). Similarly, the IDSA rec-
ommends that new headache, nausea, lethargy, and
or change in mental status, as well as fever, in the
absence of another clear source of infection, could be
suggestive of VRI [8].

(b)WBC in CSF >500/pl (set as a local cutoff both based
on the local experience and previous research [23]).
Because of the frequent occurrence of intraventricu-
lar blood, the IDSA considers CSF cell count poten-
tially not be a reliable indicator for the presence of
infection in patients with VRI [8].

(c) Elevated systemic inflammatory parameters (C-reac-
tive protein [CRP] >5 mg/l, procalcitonin [PCT]>0.1
pg/l, and/or WBC>9.6 G/1, measured daily) not bet-
ter explained by an alternative cause (excluded by
performing blood, bronchial and urinary cultures,
plain chest x-rays, and physical examination). Simi-
larly, the IDSA elevated serum PCT potentially useful
in differentiating between CSF abnormalities due to
surgery or intracranial hemorrhage from those due to
bacterial infection [8].

Patients with suspected VRI are treated initially
empirically with intravenous antibiotics such as vanco-
mycin and meropenem, as recommended by the IDSA
[8]. In case of negative CSF Gram staining (available
within 24 h) despite VRI suspicion, a CSF ePCR is per-
formed and a CSF culture is inoculated. Before Janu-
ary 2020 (i.e., before ePCR was added to the diagnostic
work-up), antibiotic therapy was continued until a neg-
ative CSF culture was confirmed (up to 14 days after
inoculation, following the IDSA guidelines that recom-
mend an inoculation of at least 10 days). After Janu-
ary 2020, we decided to stop antibiotic therapy when a
negative CSF ePCR was available. In patients with CSF
contamination, defined as a positive CSF culture and/or
ePCR result with skin pathogens (e.g., Staphylococcus
epidermidis) without clinical suspicion of VRI therapy
is also stopped.

For the analysis, the study population was divided in
four groups:

1. Confirmed VRI: a confirmed VRI is defined by a pos-
itive CSF culture or positive ePCR with concurrent
clinical suspicion of VRI. Therapy is always adapted
to the detected bacteria and their antibiotic resist-
ance spectrum.

2. Suspected VRI: initial VRI suspicion based on at least
two criteria listed above (a—c), but negative CSF cul-
ture and CSF ePCR results.

3. No infection: no or only one criterion listed above
and no signs of noncerebral infection.

4. Noncerebral infection: clinical signs of other sites of
infection (e.g., pneumonia, urinary tract infection
or catheter-associated bloodstream infection) with
elevated systemic inflammatory parameters (CRP>5
mg/l, PCT>0.1 pg/l, and/or WBC>9.6 G/], meas-
ured daily) as well as negative CSF culture and ePCR.

The two groups “no infection” and “noncerebral infec-
tion” were analyzed to investigate and compare the role
of the systemic inflammatory parameters in patients with
no CSF infection and patients with confirmed or sus-
pected VRL

Broad Range ePCR

Eubacterial polymerase chain reaction for the detec-
tion of bacterial pathogens was performed according
to a semiautomated workflow described recently [11].
In brief, DNA was extracted from samples using the
QIASymphony platform (Qiagen, Hilden, Germany), fol-
lowed by an automated PCR set-up. PCRs were run on
a Lightcycler 480-1I (Roche, Basel, Switzerland). Ampli-
cons of positive samples (i.e., a 500-bp fragment of the
bacterial 16S rRNA gene) were subjected to Sanger-
sequencing. Identification of pathogens was done by ana-
lyzing sequencing data using the 16S rDNA SmartGene
Integrated Database Network System (IDNS) custom
platform following the identification guidelines published
previously [24]. Chromatograms containing overlap-
ping peaks, indicative for the presence of two or more
pathogens, were additionally analyzed using the software
Ripseq (Pathogenomix, Santa Cruz, CA, USA) to poten-
tially achieve further differentiation.

Data Collection

Data were obtained by prospective evaluation of the elec-
tronic health records for patients’ characteristics, clinical
and radiological records, and laboratory values as well as
microbiological findings. Patients’ characteristics (age,
sex, initial Glasgow coma scale [GCS], main diagnosis,
and presence of intraventricular hemorrhage on first



brain computed tomography scan (CT)), antibiotic treat-
ment of any kind and specific for VRI, number of days of
antibiotic treatment for VRI, length of ICU stay (NCCU-
LOS) (expressed in days) were collected. Furthermore,
microbiological findings (CSF culture and CSF ePCR
results) were listed, as well as CSE-WBC. The systemic
inflammatory parameters, including CRP, PCT, and
WBC were collected. For the statistical analysis, only the
peak values of CSF-WBC and of the systemic inflamma-
tory parameters during the ICU stay with the EVD in situ
were considered.

Outcome was assessed by two NCCU physicians and
presented using the Glasgow Outcome Scale Extended
(GOSE) [25] at 3 months routine follow up consultation
(which includes a neurological examination, as well as
description of current occupation including the percent-
age of working capability).

Data from this prospective cohort were compared
with a previously described retrospective cohort with
suspected VRI treated at our NCCU between 2013 and
2019 before the introduction of CSF ePCR testing [23].
Diagnostic criteria for VRI for the retrospective cohort
are available in the supplementary materials (list, Suppl.
Materials). In the retrospective cohort, a VRI was con-
sidered “confirmed” in case of a positive CSF culture. In
patients with suspected and confirmed VRI, the antibi-
otic therapy for VRI was than given for at least 14 days,
as recommended, independently from the results of the
CSF cultures to not miss false negative cultures, above all
following previous antibiotics administration [8]. In par-
ticular, patients’ characteristics, systemic inflammatory
parameters, antibiotic treatment, duration of antibiotic
treatment for VRI, NCCU-LOS, and GOSE at 3 months
were compared.

In this study, we compared duration of antibiotic treat-
ments for VRI, their related costs, and NCCU-LOS in
patients with suspected VRI prospectively and retrospec-
tively (n=67) included. For the evaluation of antibiotic
therapy related costs, we assumed an average patient
weight of 70 kg and multiplied daily costs of vancomycin
and meropenem by the number of days the therapy was
given to each patient.

Statistical Analysis

Statistical analysis was performed using SPSS version 28.
Descriptive statistics are reported as counts/percentages,
mean =+ standard deviation, or as median including the
interquartile range as appropriate. All continuous data
were tested for normality using Shapiro—Wilk’s test. Cat-
egorical or ordinal variables are compared with Pearson’s
x° or Fisher’s exact test, continuous variables using Stu-
dent’s ¢-test or Mann—Whitney U-test for parametric and
nonparametric data, respectively, when appropriate. For

comparison between multiple groups, a Kruskal-Wallis
test or Pearson’s x* including Bonferroni correction was
used.

Results

Overall, 193 patients fulfilled the inclusion criteria of
the study. Of them, 104 patients (54%) suffered from an
aneurysmal subarachnoid hemorrhage and 60 patients
(31%) from an intracerebral hemorrhage, the remain-
ing 29 (15%) from other diagnoses (e.g., nonaneurysmal
spontaneous subarachnoid hemorrhage).

Twelve (6%) patients presented with a confirmed VRI,
66 (34%) with a suspected VRI, 25 (13%) had no infection
at all, and 90 (47%) a noncerebral infection. In patients
with confirmed VRI, the following microorganisms
were detected: Streptococcus anginosus (n=3), coagu-
lase negative staphylococci (n=3), Serratia marcescens
(n=1), Enterobacter cloacae (n=1), Klebsiella pneumo-
niae (n=1), Klebsiella aerogenes (n=1), Pseudomonas
spp. (n=1), and Fusibacterium spp. (n=1), as shown
in Table 6. In this group, CSF cultures were positive in
seven patients, and CSF ePCR was positive and CSF cul-
ture was negative in five patients, as shown in Table 1.
One patient had a positive CSF culture, which was inter-
preted as contamination.

Comparisons among all four groups regarding age, ini-
tial GCS, main diagnosis, NCCU-LOS, and hospital LOS
are available in the supplementary materials (Table 1,
Suppl. Materials).

Age, initial GCS, and main diagnosis were compara-
ble between patients with suspected and confirmed VRI
(Table 1). Additionally, patients with confirmed VRI had
longer hospital LOS than patients with suspected VRI
(p=0.031).

The systemic inflammatory parameters and CSF-WBC
in the different groups are presented in the supplemen-
tary materials (Table 2, Suppl materials). In particular,
CRP was similar in patients with no infection and con-
firmed VRI. PCT was similar among all groups. CSEF-
WBC was higher in patients with a confirmed VRI. The
systemic inflammatory parameters and CSE-WBC did
not differ between patients with confirmed and sus-
pected VRI (Table 2).

Patients with suspected VRI from our prospective
cohort (n=66) were compared with those from a retro-
spective cohort of patients with suspected VRI (n=67)
treated at our NCCU before the introduction of the
CSF ePCR testing (Table 3). In the retrospective cohort
(2013-2019), a total of 263 patients with hemorrhagic
stroke, an EVD in situ for more than 48 h, and at least
one CSF sample were treated at our NCCU as previously
described [19]. Of those, 81 patients were treated for VRI
and 14 had positive CSF culture. Considering the two



Table 1 Demographics and characteristics of the patients from the prospective cohort

Confirmed VRI (n=12) suspected VRI (n=66) p value
(MWU-
test/x?)
Age (years) 58+139 56145 0.740
Initial GCS <8, n (%) 3(25.0) 24 (36.4) 0.527
Diagnosis (%) 0.016
SAH 3(25.0) 42 (63.6) <0.05
ICH 4(333) 16 (24.2) n.s
Other 5(41.7) 8(12.1) <0.05
IVH, n (%) 6 (50.0) 47 (71.2)
NCCU-LOS (days) 12 (14.25-29.5) 18 (15-30) 0.647
Hospital-LOS (days) 44 (26-54.5) 27.5(21-41.25) 0.031

Data are expressed as mean = standard deviation, or median and interquartile range, as appropriate. Percentages are shown in parentheses

GCS, Glasgow Coma Scale, ICH: intracranial hemorrhage, IVH, intraventricular hemorrhage, LOS, length of stay, MWU, Mann-Whitney-U, NCCU, neurocritical care unit,
n.s., not significant, SAH, subarachnoid hemorrhage, VRI, ventriculostomy-related infection

Table 2 Systemic inflammatory parameters of the patients from the prospective cohort

Confirmed VRI (n=12) suspected VRI (n =66) p value

(MWU-

test/x?)
Plasma CRP (mg/dl) 92 (53-278.3) 120 (66.3-189.3) 0.857
Plasma PCT (yg/l) 0.08 (0.07-0.15) 0.14 (0.07-0.4) 0.129
Plasma WBC (4-10 x 10%/) 13.5(8.1-5.3) 11.2(9.14-13.94) 0.722
CSF WBC (4-10 x 10°/1) 348 (209-1013) 280 (88-665) 0312

Data are expressed as mean =+ standard deviation, or median and interquartile range, as appropriate. On the right side of the table are presented the comparisons of
the systemic inflammatory parameters between the different groups

CRP, protein C -reactive, CSF, cerebrospinal fluid, MWU, Mann-Whitney-U, PCT, procalcitonin, VRI, ventriculostomy-related infection, WBC, white blood cell count

Table 3 Comparisons between patients with suspected VRI retrospectively (n=67) and prospectively (n=66) included
before and after the introduction of the broad range eubacterial polymerase chain reaction of cerebrospinal fluid

Retrospective group (n=67) Prospective group (n=67)

Age (years) 58+£120 56145 0.35
Initial GCS <8 29 (433) 24 (36.4) 048
Diagnosis 0.001

SAH 59 (88.1) 42 (63.6) <0.05

ICH 8(11.9) 16 (24.2) n.s

Other 0(0.0) 8(12.1) <0.05
IVH 38 (56.7) 47 (71.2) 0.104
EVD days in situ (days) 7 (5-7) 7 (5-10) 0.982
Prior antibiotic treatment (yes) 47 (70.1) 41 (62.1) 0461
Duration antibiotic treatment for sVRI 14 (3-14) 55(3,9) 0.001
Price of AB treatment/patient (CHF) 27,332.2 (5856.9-7332.3) 10,737.65 (5856.9-17,570.5) 0.001
NCCU length of stay (d) 20 (14-28) 18 (15-30) 0.746
Hospital length of stay (d) 28 (22-34) 28 (21-41) 0.709

Data are expressed as mean =+ standard deviation, or median and interquartile range, as appropriate. Percentages are shown in parentheses

AB, antibiotic treatment, CHF, Swiss francs, EVD, external ventricular drainage, GCS, Glasgow Coma Scale, ICH, intracerebral hemorrhage, IVH, intraventricular
hemorrhage, NCCU, neurocritical care unit, n.s., not significant, SAH, subarachnoid hemorrhage, sVRI, suspected ventriculostomy-related infection, VRI,
ventriculostomy-related infection



groups of patients with suspected VRI (prospectively and
retrospectively included), they were comparable regard-
ing mean age, initial GCS, duration of EVD in situ, and
administration of antibiotic therapy before the diagno-
sis of suspected VRI. Patients with suspected VRI after
the introduction of the CSF ePCR had shorter durations
of antibiotic treatment for VRI than the retrospective
group (5.5 [3-9] days vs. 14 [3-14], p<0.001). The results
of the CSF ePCR were available on average 5 days after
sampling.

NCCU LOS and hospital LOS were comparable in
patients with suspected VRI in the retrospective and in
the prospective cohort (Table 3).

Outcome between prospectively and retrospectively
included patients with suspected VRI as assessed with
GOSE at 3 months was comparable (Table 4). In the
prospective cohort, outcomes between patients with
suspected and confirmed VRI are presented in Table 5.
Patients with confirmed VRI had more often an unfa-
vorable outcome (GOSE 1-4) than patients with sus-
pected VRI (p=0.016).

After the introduction of the CSF ePCR, estimated
costs of antibiotic therapy were significantly lower
(Table 3). Alongside the reduction of treatment duration
and costs, the introduction of ePCR resulted in a signifi-
cant reduction in the number of patients treated with
antibiotics for the whole duration of 14 days after suspi-
cion for VRI as compared with the retrospective cohort
(from 51 to 11%, p<0.001). After discontinuing the anti-
biotic therapy in patients with suspected VRI, none of
them had a new clinical or laboratory suspicion of a VRI
(Table 6).

Table 4 Outcome comparison between patients with sus-
pected VRI retrospectively (n=67) and prospectively
(n=66) included before and after the introduction of the
broad range eubacterial polymerase chain reaction of cer-
ebrospinal fluid

GOSE Retrospective Prospective p value
group (n=67) group (n=66)

Unfavorable (1-4) 32(47.8) 40 (60.1) 0.881

1 9(16.7) 10(15.2)

2 4(7.4) 4(6.7)

3 10(18.5) 13(19.7)

4 9(16.7) 13(19.7)

5 12 (22.2) 17 (25.8)

6 9(16.7) 4(6.1)

7 1(1.9 3(4.5)

8 0(0.0) 2(3.0)

Outcome was assessed with the Glasgow Outcome Scale extended (GOSE) at 3
months. Percentages are shown in parentheses

VRI, ventriculostomy-related infection

Table 5 Outcome comparison between patients with sus-
pected (n=66) and confirmed VRI (n=12) from the pro-
spective cohort

GOSE sVRI (n=66) confirmed VRl pvalue|
(n=12)

Unfavorable (1-4) 40 (60.1) 12 (100.0) 0.016

1 10(15.2) 2(16.7)

2 4(6.1) 2(16.7)

3 13(19.7) 3(25.0)

4 13(19.7) 5(417)

5 17 (25.8) 0(0.0)

6 4(6.7) 0(0.0)

7 3(4.5) 0(00)

8 2(3.0) 0(0.0)

Outcome was assessed with the Glasgow Outcome Scale extended (GOSE) at 3
months. Percentages are shown in parentheses

sVRI, suspected ventriculostomy-related infection, VRI, ventriculostomy-related
infection

Discussion
The present study was conducted to evaluate whether the
introduction of CSF ePCR in patients with hemorrhagic
stroke and suspected VRI at our NCCU improved the
diagnostic pathway of VRI, reduced overtreatment, and
hence, reduced use of antibiotics, and lead to shorter ICU
stay, without impacting the patient’s outcome.

In our cohort, the introduction of CSF ePCR reduced
the number of patients treated for suspected VRI for the

Table 6 Patients from the prospective study with “con-
firmed” ventriculostomy-related infection (VRI) (n=12)

PatientID Microorganism CSF CSF
culture ePCR
positive positive

1 Fusibacterium spp. X

2 Pseudomonas spp. X

3 Streptococcus anginosus X

4 Serratia marcescens X

5 Klebsiella pneumoniae X

6 Enterobacter cloacae X

7 Streptococcus intermedius X

8 Streptococcus intermedius X

9 Staphylococcus coagulase negative  x

10 Staphylococcus coagulase negative  x

11 Klebsiella aerogenes X

12 Staphylococcus coagulase negative — x

The microorganisms found in cerebrospinal fluid (CSF) of patients with
“confirmed”VRI are listed below. The diagnosis was confirmed by positive CSF
culture and positive broad range eubacterial polymerase chain reaction (ePCR)
of cerebrospinal fluid

ID, identification, spp., Plural, several species



complete duration of 14 days from 51 to 11% due to an
earlier exclusion of VRI and consequently decreased the
duration of antibiotic treatment by almost 10 days. This
led to a decrease in costs, without worsening the neuro-
logical outcome. These results suggest that CSF ePCR is
a useful tool and, in comparison to the gold standard of
CSF culture, aids earlier exclusion of VRI in patients with
hemorrhagic stroke.

Considering the financial impact of these results, we
compared the estimated costs for the antibiotic treatment
due to suspected VRI comparing the prospective cohort
with our retrospective cohort treated at the same NCCU
before and after the introduction of CSF ePCR. Although
this calculation is only approximate, and the relevant
reduction of costs for antibiotic therapy for VRI after the
introduction of the ePCR is only estimated, the reduc-
tion of the duration of antibiotic therapy for VRI after
the introduction of the ePCR is relevant, both in terms
of reducing health care costs and avoiding the rise of
multiresistant microorganisms [26, 27]. NCCU LOS and
hospital LOS in patients with suspected VRI did not dif-
fer between the retrospective and the prospective cohort.
Although surprising, this result implies that other factors
aside from suspected VRIs are the cause of extended hos-
pitalizations (e.g., cerebral vasospasms, rebleeding etc.).

Limitations

This study has some limitations. Firstly, this is the experi-
ence of a single center, limiting the generalizability of the
results. A possible role of the CSF ePCR for the diagnosis
of VRI should be further evaluated and validated. Sec-
ondly, currently there is no “gold standard” to define VRI
in patients with hemorrhagic stroke and CSF contamina-
tion with blood. Although our criteria follow the guide-
lines set by the IDSA, it is likely that some suspected
VRIs were either aseptic meningitis or low inoculum
infections leading to wrong grouping. However, consid-
ering that after discontinuation of the antibiotic for VRI
in the case of negative ePCR there were no new clinical
and laboratory suspicions of VRI, we are convinced that
the use of the CSF ePCR in these patients helped VRI
exclusion, and, hence, reduced overtreatment.

Thirdly, the small sample size of patients with con-
firmed VRI does not allow further analysis to better char-
acterize this group. We cannot exclude that we treated
patients with false positive CSF ePCR. Another limitation
of the study is that the control group was not matched
and only few baseline characteristics were compared
between groups. On the other hand, we included all con-
secutively admitted patients with hemorrhagic stroke and
EVD in situ and thus reduces the risk of selection bias.
Finally, the limitations of the ePCR should be considered:
ePCR has primarily been validated for sterile materials

[10]. ePCR wusually only provides meaningful results
in monobacterial infections, which is the case in most
patients with VRI [28, 29]. Although ePCR can detect a
wide spectrum of bacterial DNA through 16S RNA PCR
sequencing, the sensitivity of ePCR is lower than spe-
cies-specific amplification methods [11, 30]. If a specific
infection is highly suspected, additional species-specific
detection methods might be beneficial [10, 11].

Conclusions

The introduction of CSF ePCR led to shorter durations of
antibiotic therapy due to earlier exclusion of VRI and cor-
respondingly lower estimated costs without worsening the
outcome of the patients, as compared with patients treated
at our unit before the introduction of the CSF ePCR.
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