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Abstract

drain

Ventriculitis is a severe complication of indwelling neurosurgical devices that is associated with significant morbidity
and mortality. The incidence rate of ventriculitis is approximately 10% with external ventricular drains. Obstinately,
patients with these indwelling neurosurgical devices are prone to have traditional cerebral spinal fluid parameters
that lack sensitivity and specificity in diagnosing nosocomial ventriculitis. In addition, diagnosis can be arduous given
that indolent pathogens are commonly implicated. Therefore, diagnosis is difficult but paramount to thwart the
morbidity and mortality associated with this infectious condition as well as to reduce the prolonged use of broad-
spectrum antibiotics. As we extrapolate from prosthetic joint infections, for which diagnosis can also be challenging,
we learn that the use of a-defensins as a diagnostic biomarker for nosocomial ventriculitis may hold promise. Herein,
the viewpoint of using a-defensins as a diagnostic biomarker for nosocomial ventriculitis is discussed.
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Ventriculitis is a severe central nervous system (CNS)
condition that involves inflammation of the ependymal
lining of the cerebral ventricles [1]. Common symptoms
include fever, altered mental status, severe headaches,
and sepsis [2]. A wide range of pathogens have been
implicated, but with nosocomial ventriculitis, many indo-
lent pathogens are implicated, thus not allowing for these
pathogens to be readily cultured [2]. Treatment entails
rapid identification and aggressive antimicrobial treat-
ment to prevent long-term sequalae and reduce mortality
[1,2].

Nosocomial ventriculitis is usually associated with
neurosurgical devices (external ventricular drains
[EVDs] and shunts) but can also occur after neuro-
surgical procedures and trauma [1]. EVDs are habitu-
ally used in Intensive care units to monitor and control
increased intracranial pressure in the acute setting [2].
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Complications from EVDs include hemorrhage, hygro-
mas, and infections [3]. Infections are usually secondary
to microbes colonizing the device at the time of insertion,
to introduction with subsequent manipulations, or to ret-
rograde translocation of microbes [2—4]. The incidence of
nosocomial ventriculitis varies widely in the reported lit-
erature, with EVD-associated ventriculitis being reported
as high as 22%, but the current rate is approximately 10%
[2]. Incidence is also strongly correlated with the dura-
tion of EVD residence, with longer durations being asso-
ciated with increased risk of ventriculitis [2—4].

The diagnosis of CNS infections is commonly con-
ducted with evaluation of cerebral spinal fluid (CSF)
for derangements of protein, glucose, cell count, gram
stain, and culture. However, in nosocomial ventriculitis,
patients can have abnormal CSF parameters from under-
lying CNS pathologies, complicating diagnosis [5, 6].
Furthermore, pleocytosis can occur secondary to CNS
hemorrhages and from chemical meningitis [2, 6]. Obsti-
nately, patients with hemorrhages and noninfectious
ventriculitis often have similar symptoms, such as fever,
headache, and altered mental status [2, 6]. Consequently,
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symptoms and traditional diagnostic CSF testing param-
eters (cell count, protein level, and glucose level) have
significantly less specificity and sensitivity in nosocomial
ventriculitis compared to community-acquired meningi-
tis [7]. This has led to the evaluation of several additional
parameters to aid in diagnosis, which include CSF lac-
tate level, CSF microbial polymerase chain reaction test-
ing, and procalcitonin level, but these parameters have
conflicting data supporting effectiveness [2]. Therefore,
novel diagnostics are needed to help clinicians diagnose
nosocomial ventriculitis to thereby reduce morbidity and
mortality and thwart the use of and the complications
associated with broad-spectrum antibiotics. One such
biomarker that holds theoretical promise in diagnosing
ventriculitis is a-defensins.

Human a-defensins are small cationic peptides with
29-33 amino acids that are sequestered in neutrophil
granules [8]. These peptides are innate antimicrobial mol-
ecules with broad antimicrobial activity to gram-positive
and gram-negative bacteria, fungi, and enveloped viruses
[8]. They are released by activated neutrophils when they
are exposed to microbes to disrupt microbial membrane
integrity and function [9]. Low levels of a-defensins can
be present in the serum of healthy patients, but levels
increase significantly in infectious conditions, causing
sepsis, with high levels localized to areas where infec-
tions are present [10, 11].

Consequently, a-defensins can be a helpful diagnos-
tic tool whereby increased levels of a-defensins in spe-
cific locations are suggestive of an underlying infectious
process. This biomarker has been proven effective in
periprosthetic joint infections (PJIs) in which diagnosis
is important because prosthetic removal is standard care
for chronic infections but is associated with significant
morbidity, mortality, and financial ramifications [12].
Moreover, in PJI, classic serological and synovial fluid
parameters lack sensitivity and specificity, and infec-
tions are often secondary to indolent pathogens [13, 14].
The effectiveness of a-defensins in aiding in diagnos-
ing PJI has been proven in several clinical trials, with a
meta-analysis showing pooled sensitivity and specificity
of 100% and 96%, respectively [13, 14]. Therefore, the use
of a-defensins has been incorporated into guidelines for
prosthetic joint infection diagnosis [15] and is a commer-
cially available diagnostic test (CD laboratories, Towson,
Maryland).

Although there are robust data proving the effective-
ness of this biomarker in diagnosing PJIs, there are scant
data on its use and/or concentrations in the CSF with
CNS infections, and no study has evaluated this bio-
marker in nosocomial ventriculitis. However, three stud-
ies do support the use in CNS infections. In one study,
a-defensins had higher CSF concentrations in patients

with bacterial meningitis than in patients with asep-
tic conditions and healthy volunteers [16]. In a follow
up study, the concentration of a-defensins in the CSF of
pediatric patients with meningitis was shown to be sig-
nificantly elevated compared with those without bacte-
rial meningitis [17]. This study also proved that higher
CSF concentrations of a-defensins had greater specificity
and sensitivity than lower concentrations [17]. Lastly, in
patients with West Nile neuroinvasive disease, there were
higher concentrations of a-defensins present compared
with patients who did not have neuroinvasive disease
[18]. These studies reinforce that neutrophils in the CNS
can secrete high concentrations of a-defensins in the CSF
when CNS infections are present.

Overall, a-defensins hold theoretical promise in aid-
ing in diagnosing ventriculitis. Furthermore, there are
several similarities that make diagnosing PJI and ven-
triculitis difficult but for which a-defensins have been
proven to not be affected, thereby aiding diagnosis. In
PJI, a-defensins have been demonstrated to be elevated
in joints, even despite the use of prolonged systemic
antibiotics [13—15]. This is advantageous because con-
ventional CSF parameters and levels of neutrophils are
often altered in nosocomial ventriculitis when broad-
spectrum antibiotics are used. Likewise, high levels of red
blood cells can be present in the joints of patients with
PJI, but this does not significantly alter the effectiveness
of this biomarker, which is important because in nosoco-
mial ventriculitis, the presence of blood in the CSF can
be a common occurrence with some CNS conditions [13,
14]. Additionally, even though a-defensins have very high
sensitivities and specificities for diagnosing PJI, they are
correlated with conventional parameters obtained from
the synovial fluid as part of standard care testing [15].
Therefore, in nosocomial ventriculitis, a-defensins can be
paired with conventional CSF diagnostic parameters that
are obtained as part of standard care testing.

To conduct this research, small proof-of-concept trials
will first need to be run, comparing «-defensin concen-
trations in culture-proven nosocomial ventriculitis with
concentrations from patients who do not have nosoco-
mial ventriculitis. To reduce confounding, this would
need to be piloted in patients who have EVD in situ and
proven or disproven ventriculitis. This would create a
foundation to support or refute the use of this biomarker,
and if supported, larger studies could then be conducted
to establish sensitivity and specificity of this biomarker in
ventriculitis. These early studies would first need to use
immunoassays, as previously discussed by others [18, 19].
Although the morbidity and mortality associated with
nosocomial ventriculitis rivals that of PJIs, the research
is unlikely to be chaperoned by large companies given
that the financial ramifications are not as significant as
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those seen in PJI [20]. Therefore, early studies will need
to be piloted at a single center or small collaboration
of centers and then tested more broadly before being
developed into a diagnostic platform. This may be a hin-
drance because funding would need to be obtained, but
the demand for improvements in diagnostic testing and
the clinical implications associated with nosocomial ven-
triculitis support the need to evaluate this novel diagnos-
tic. Without novel diagnostics, patients will continue to
either be treated unnecessarily with prolonged antibiot-
ics or have truncated antibiotic courses, thereby placing
them at risk for significant morbidity and mortality.

Using this biomarker in ventriculitis does have
some limitations that will need to be realized. For one,
a-defensins are small cationic molecules that could
potentially reach the CSF, especially in conditions such
as subarachnoid hemorrhages that may disrupt the
blood-brain barrier. Subsequently, establishing a cutoff
to reduce the confounding serum levels of a-defensins
would be needed [17, 18, 21]. As seen in PJI, which has
no barrier to protect the joint from systemic a-defensin
concentrations, a cutoff of 5.2 mg/L has been estab-
lished. To maximize the specificity and sensitivity of
this diagnostic test, a similar cutoff may be needed but
would need to be validated in early ventriculitis studies
[20]. Recent literature has shown that interleukin-6 levels
are elevated in subarachnoid hemorrhages, as has been
shown after joint arthroplasties [22, 23]. Interleukin-6
has been shown to increase the release of a-defensins
in patients with COVID-19, but the impact of increased
interleukin-6 levels on a-defensins levels in conditions
such as subarachnoid hemorrhages is unknown [24].
Consequently, even though surgical trauma induces
increased interleukin-6 production, this cytokine will
likely need to be evaluated in tandem in early studies to
ensure this does not confound the levels of a-defensins.
Lastly, the cost of a-defensins in diagnosing PJI is expen-
sive, costing more than 500 dollars per test, but the cost
is also associated with additional tests (microbial culture,
synovial fluid C-reactive protein, and other synovial fluid
tests). The point-of-care lateral flow a-defensin test kit
is much cheaper and even less expensive, costing well
under 100 dollars per sample. As are serum a-defensin
enzyme-linked immunosorbent assays, which could be
tailored toward CSF samples to evaluate this biomarker
as a diagnostic for ventriculitis.

In conclusion, nosocomial ventriculitis can be ardu-
ous to diagnosis in part from the limited sensitivity and
specificity of traditional CSF parameters and the indolent
nature of the causative pathogens. However, the inci-
dence and clinical ramifications of this severe infectious
condition should drive research in evaluating a-defensins
as a diagnostic biomarker, especially given that this

biomarker has been used in a similar fashion with PJIs.
As outlined here, a-defensins may hold promise in diag-
nosing nosocomial ventriculitis, thereby improving mor-
bidity and mortality and reducing the unnecessary use of
broad-spectrum antibiotics.
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