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Abstract
Central nervous system (CNS) infections are potentially life threatening in neonates and can lead to the ill-defined
diagnosis of ventriculitis. With this study we aimed to explore and describe ventriculitis regarding clinical, micro-
biological and ultrasonographic characteristics. We performed a retrospective cohort study including all neonates
with a culture-proven CNS infection admitted to our tertiary NICU over a 12-year period (2004–2016). For each
case clinical data was gathered, and three timed cranial ultrasounds were anonymized and retrospectively reviewed
and assessed for signs of ventriculitis. Forty-five patients were included with 9 (20%) diagnosed with ventriculitis.
Mortality in both ventriculitis and non-ventriculitis cases was one-third. Patients with pre-existing conditions as post-
haemorrhagic hydrocephalus are at risk of developing ventriculitis. Most common pathogens were gram negative
bacteria (68.9%). Ultrasonographic signs of ventriculitis developed over time, and interrater agreement was
substantial.

Conclusion: Neonatal ventriculitis is a serious entity in the continuum of meningitis. Early and correct diagnoses of
ventriculitis are both important because of possible persisting or newly developing hydrocephalus or seizures. Sequential
imaging should be performed.

What is Known:
• CNS infections in neonates lead to high mortality and morbidity.
• Ventriculitis is a severe complication of meningitis.

What is New:
• High morbidity; the majority of ventriculitis patients have pre-existing PHVD and develop seizures and hydrocephalus.
• Interrater agreement is good; bedside CUS is a useful tool for reaching a sustainable diagnosis of ventriculitis.
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Abbreviations
BW Birth weight
CUS Cranial ultrasound scan
CVL Central venous line
GA Gestational age
GBS Group B streptococci
IVH Intraventricular haemorrhage
NEC Necrotizing enterocolitis
PDA Patent ductus arteriosus
PHVD Post haemorrhagic ventricular dilatation
RI Intracranial resistive index
TPN Total parenteral nutrition

Introduction

Sepsis and CNS infections are severe complications in the neo-
natal and infant period. Despite ongoing advances in neonatal
care, the prevalence of neurological sequelae following neonatal
CNS infections remains high [1–4]. According to the Annual
Report of the Netherlands Reference Laboratory for Bacterial
Meningitis of the Amsterdam University Medical Centre and
the National Institute of Public Health and the Environment
(RIVM), the 2015 and 2016 incidence of neonatal CNS infec-
tion in the Netherlands has been 0.3 cases per 1000 live births
[5]. This is comparable with the UK and Ireland where the
incidence is estimated at 0.38 per 1000 live births [2]. The most
common causative organisms of neonatal CNS infections are
group B streptococci and Escherichia coli [2, 3, 6].

One of the severe short-term complications of CNS infec-
tion is inflammation of the ventricular system or ventriculitis
[1, 7]. Little is known about the pathophysiology and inci-
dence of ventriculitis, and there is no clear definition for diag-
nosis. An early diagnosis however appears relevant, since
neurological complications can occur [8, 9].

A tool for early diagnosis could be the use of bedside cra-
nial ultrasound (CUS). Although several characteristic find-
ings on CUS suggestive of ventriculitis have been described,
there are no definitive radiological criteria defined in the liter-
ature leading to possible under- or overdiagnosis.

Previously described CUS findings in ventriculitis are ir-
regular thickening and increased echogenicity of the ventric-
ular lining and intraventricular debris or stranding. This orga-
nization of exudate in the ventricles may lead to the formation
of cysts, compartmentalisation or obstructive hydrocephalus
[10–12]. However, the presence of intraventricular blood,
common in premature neonates, might interfere with diagnos-
ing ventriculitis due to overlap in ultrasonographic findings.

With this study we aim to explore and describe the entity of
ventriculitis. We aim for comparison between CNS infections
with and without ventriculitis regarding clinical, microbiology
and ultrasonographic characteristics. Furthermore, we aim to
retrospectively review all available ultrasound imaging results

performed in our cohort to describe typical findings and es-
tablish the interrater agreement diagnosing ventriculitis.

Methods

Case identification and clinical characteristics

This study was setup as a retrospective cohort study. After con-
sulting our local microbiology department database, we identi-
fied and included all cases with a (CSF) culture-proven CNS
bacterial infection admitted to our tertiary NICU between 2004
and 2016. During that period it was standard care for all NICU
patients with a clinical suspicion of sepsis to undergo a lumbar
puncture before starting antimicrobial therapy. Cases with con-
genital abnormalities of the brain as well as cases with contam-
inated (false positive) cultures were excluded.

Patients were divided into two groups, CNS infections with
signs of ventriculitis (from here on; ventriculitis) and CNS
infections without ventriculitis (from here on; meningitis).
The diagnosis ventriculitis was based on the following CUS
findings: abnormal ventricular lining (echogenicity or thick-
ening) and/or abnormal CSF (debris or stranding visible).

For all included cases, data regarding birth conditions, co-
morbidities, symptoms and timing of diagnosis, illness sever-
ity, required support, complications and laboratory results
were collected from the hospital information system and sub-
sequently analysed.

Microbiology

Cultures were taken prior to start of any antimicrobial therapy.
CSF samples were cultured both in broth and on solid culture
media (on Columbia sheep blood agar and chocolate agar
incubated at 37 °C, in an incubator enriched with 5% CO2,
and on Columbia sheep blood agar at 37 °C in anaerobic
conditions) for a total of 7 days. Identification of cultured
microorganisms was performed using biochemical tests prior
to the introduction of MALDI-TOF MS in 2010 (Biotyper,
Bruker Daltonics, Bremen, Germany).

Cranial ultrasounds and interrater agreement

CUS were performed using a Siemens Sonoline Elegra
Ultrasound (Siemens Healthineers, Erlangen, Germany) or a
Philips iU22 ultrasound system (Phillips Healthcare, Best,
The Netherlands). A dedicated 8–5 MHz broadband curved
array probe was used. CUSwere requested at the time because
of scheduled clinical follow-up protocol or were performed on
clinical indication (i.e. any clinical increase in illness severity;
increase in head circumference or clinical seizures). Standard
coronal and sagittal views, including transcranial Doppler ul-
trasound, were made and stored on the PACS system; the
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report and diagnosis were stored in the hospital information
system.

We selected 3 consecutive CUS of acceptable imaging
quality for each case: CUS1, prior to positive CSF culture date
(baseline); CUS2, closest in time point to the first positive
CSF culture date (at diagnosis); and CUS3, 1 week after pos-
itive CSF culture date (post diagnosis).

The images were collected, anonymized and offered for sec-
ondary review to AB, fellow paediatric radiology. This reviewer
was not aware of the clinical information and the goals of this
study; the diagnosis ventriculitis was not mentioned prior to
review of all the images. The reviewer was asked to describe
the CUS, using a standardized ultrasound checklist (Appendix
1); this checklist included general features of CUS and possible
signs of ventriculitis as derived from the available literature. To
assess the interrater agreement, the blinded secondary review
was then compared with the initial review by the performing
or supervising paediatric radiologist.

Statistics

Statistical analyses were performed with SPSS 26.0 statistical
software package (SPSS Inc., Chicago, IL). For normally dis-
tributed data, mean and standard deviations were calculated
and reported and for skewed data the median and range.

For comparison between proportions in the meningitis and
ventriculitis groups in Table 1, two-sided Fisher Exact test
was used. To compare means in the laboratory results, an
independent samples t-test was used. To assess the differences
between ultrasound findings of the specified time points (com-
paring CUS1 with CUS2 and CUS2 with CUS3), the Pearson
Chi-square test was used.

To evaluate the measure of agreement between the
reviewing radiologists reports with the primary diagnosis
(dichotomic diagnosis ventriculitis: Yes/No) Cohen’s kappa
(k) was calculated. A k < 0 reflects ‘poor’, 0 to 0.20 ‘slight’,
0.21 to 0.4 ‘fair’, 0.41 to 0.60 ‘moderate’, 0.61 to 0.8 ‘sub-
stantial’ and above 0.81 ‘almost perfect agreement’. To fur-
ther assess interrater agreement, we determined the intra-class
correlation (ICC). The ICC assesses rating reliability by com-
paring the variability of different ratings of the same subject to
the total variation across all ratings and all subjects. In our
cohort the raters were fixed and subject a random sample.
We therefore assessed the ICC with a two-way mixed model
for absolute agreement.

Results

Cases and clinical characteristics

We included 45 patients with a culture-proven CNS infection.
Nine patients were diagnosed as having ventriculitis; 36

patients were diagnosed with meningitis. A total of 79 cases
were excluded because CSF cultures were considered contam-
inated (false positive) samples after review of the case notes.
Those patients were not considered and treated as CNS infec-
tions at the time. The patient characteristics, timing of and
symptoms at diagnosis, comorbidities, complications, labora-
tory results and illness severity of both meningitis and
ventriculitis groups are as shown in Table 1.

There were no significant differences in patient character-
istics. The age in days at diagnosis shows a non-significantly
later onset of the ventriculitis cases (34.7 days versus
11.8 days, p = 0.061). Larger proportions of patients in the
meningitis group had a CVL (> 1 day) in situ at diagnosis.
In the ventriculitis group, significantly more patients had a
PDA (6/9 versus 8/36); however, further narrowing these pa-
tients to PDA requiring intervention (medication or clip) the
difference lost statistical significance (p 0.06). No differences
were found regarding presenting symptoms. In the
ventriculitis cases, 4/9 had pre-existing hydrocephalus due to
earlier haemorrhage (PHVD)with 2 out of these 4 having CSF
drainage devices in situ (Omaya drain). Eventually 5/9 pa-
tients developed significant hydrocephalus. Seizures were
more frequent in ventriculitis patients. Mortality was similar
for patients with or without ventriculitis (33.3%). Laboratory
results showed no difference in CRP, full blood count results
or cell count in CSF. CSF protein was higher, and CSF glu-
cose was lower in ventriculitis patients.

Microbiology

The causative organisms found in both the ventriculitis and
CNS infection group are shown in Table 2 and were similar in
both groups. The most common pathogens we found were
gram negative rods (68.9%), most importantly Escherichia
coli (22.2%), Klebsiella pneumoniae (17.8%) and
Enterobacter cloacae (13.3%). Gram positive bacteria
accounted for about one-third of the pathogens with
coagulase-negative staphylococci being the fourth most com-
mon (11.1%). Group B streptococci were found in 6.7% of
our cohort. Mortality in both the gram positive (28.6%) and
gram negative (35.5%) group was comparable. There were no
significant differences between the found pathogens (or
grouped as gram+ versus gram-) and the frequency of the
required support or the development of post diagnosis com-
plications as mentioned in Table 1.

Cranial ultrasounds and interrater agreement

The ultrasonographic characteristics as described in the sec-
ondary review of the CUS are shown in Table 3. In total 111
of the expected 135 CUS (n = 45 × 3 CUS) were available for
secondary review. In 6 out of 45 cases, a baseline CUS1 was
not available because it was not required due to protocol (GA
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Table 1 Patient characteristics, comorbidities, symptoms and illness severity

Meningitis (n = 36) Ventriculitis (n = 9) All (n = 45) p

Patient characteristics

Gestational age 1 28.0 (24.7–40.7) 27.4 (25.4–30.0) 28.0 (24.7–40.7) –

Birth weight (grams) 1 1110 (585–4690) 895 (725–1570) 1090 (585–4690) –

Male 21 (58.3%) 4 (44.4%) 25 (55.6%) –

Twin 5 (13.8%) 1 (11.1%) 6 (13.3%) –

APGAR < 5 at 5 min 4 (11.1%) 1 (11.1%) 5 (11.1%) –

Birth defects 3 (8.3%) 0 (0%) 3 (6.7%) –

Antibiotics after birth in days 1 2 (0–14) 3 (1–7) 2 (0–14) –

No antenatal steroids 10 (27.7%) 2 (22.2%) 12 (26.7%) –

Diagnosis and pre-existing comorbidities

Weight at diagnosis 1 1090 (650–4380) 1010 (870–2360) 1080 (650–4380) –

Age (days) at diagnosis 4 11.8 (± 9.4) 34.7 (± 32.1) 16.4 (± 18.5) –

CVL > 1 day at diagnosis 2 23 (63.8%) 2 (22.2%) 25 (55.6%) 0.030

PDA 2 8 (22.2%) 6 (66.6%) 14 (31.1%) 0.002

PDA requiring treatment 2 5 (13.8%) 4 (44.4%) 9 (20%) –

Surgical comorbidity (including NEC) 10 (27.7%) 3 (33.3%) 13 (28.9%) –

Prolonged respiratory support 6 (16.6%) 3 (33.3%) 9 (20%) –

Fully TPN dependant 7 (19.4%) 1 (11.1%) 8 (17.8%) –

PHVD requiring drainage 2 2 (5.55%) 4 (44.4%) 6 (13.3%) 0.010

Symptoms at diagnosis

Apneas/bradycardia 21 (58.3%) 2 (22.2%) 23 (51.1%) –

Neurological symptoms 2 (5.5%) 1 (11.1%) 3 (6.7%) –

GI symptoms 6 (16.6%) 1 (11.1%) 7 (15.6%) –

Circulatory failure 16 (44.4%) 2 (22.2%) 18 (40%) –

Respiratory failure 20 (55.5%) 4 (44.4%) 24 (53.3%) –

Skin lesions 3 (8.33%) 0 (0%) 3 (6.7%) –

Fever 1 (2.7%) 1 (11.1%) 2 (4.4%) –

Support required

Non-invasive respiratory support 3 7 (19.4%) 2 (22.2%) 9 (20%) –

Invasive ventilation 3 25 (69.4%) 5 (55.5%) 30 (66.7%) –

Fluid resuscitation 3 8 (22.2%) 3 (33.3%) 11 (24.4%) –

Inotropic support 3 16 (44.4%) 2 (22.2%) 18 (40%) –

Post diagnosis complications

Hydrocephalus (requiring treatment) 2 1 (2.77%) 5 (55.5%) 6 (13.3%) 0.001

Seizures 2 6 (16/6%) 4 (44.4%) 10 (22.2%) 0.017

Cerebral abscess 2 1 (2.77%) 2 (22.2%) 3 (6.7%) –

Death 12 (33.3%) 3 (33.3%) 15 (33.3%) –

Laboratory results

CRP (mg/l) 1 47.3 (0–265.1) 69.2 (0–260.8) 49.3 (0–265.1) –

Platelets (× 10e9/L) 1 130 (0–534) 125 (30–403) 128 (0–534) –

WBC (× 10e9/L) 1 13 (1.5–42.1) 11.1 (5.3–29.4) 13 (1.5–42.1) –

CSF WBC (× 10e6/L) 1 102 (1–51.200) 1376 (141–43.410) 144 (1–51.200) –

CSF protein (g/L) 2, 4 1.98 (± 1.33) 3.58 (± 2.72) 2.23 (± 1.67) 0.029

CSF glucose (mmol/l) 2, 4 3.68 (± 2.29) 1.13 (± 1.08) 3.43 (± 2.32) 0.009

CSF WBC polymorphonuclear % 4 47.4% (± 20.8%) 68.7% (± 4.3%) 51.0% (± 20.8%) –

CSF WBC mononuclear % 4 52.6% (± 20.9%) 31.3% (± 4.3% 49.0% (± 20.8%) –

1, Values are medians and range. 2, Significant difference between meningitis and ventriculitis. 3, Support required any time after onset of illness. 4,
Values are mean and standard deviation
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> 32 weeks) or the patient was diagnosed with a CNS infec-
tion on day one of life. In 4 cases CUS2 was not available, and
in 14 cases CUS3 was not available (9 patients died and 5
were transferred to a referral hospital). Figure 1 shows exem-
plary CUS findings in our ventriculitis cases contrasted to
meningitis cases from our cohort.

All nine ventriculitis cases were confirmed by the second-
ary reviewer. The Cohen’s kappa for agreement between ini-
tial and secondary (anonymised) review was 0.70 (SE 0.137),
p < 0.001. The ICC taking into account group and subject
variability was 0.50 (CI 0.09–0.71), p 0.01.

To illustrate the different facets of ventriculitis in a single
patient, we have added supplementary material containing
CUS imaging, MRI and pathology findings from a premature
patient with ventriculitis.

Discussion

Cases and clinical characteristics

Our study presents a detailed cohort of NICU-admitted neo-
nates with culture-proven CNS infections, exploring and com-
paring ventriculitis and meningitis with regard to clinical, mi-
crobiology and ultrasonographic characteristics. We found
that ventriculitis is a common complication and appears to
lie in the continuum of bacterial CNS infections in neonates.

A significant part of our cohort with CNS infections devel-
oped ventriculitis (20%). This is comparable with the avail-
able literature. Two Taiwanese retrospective cohort studies,
published in 2014 and 2018, found ventriculitis to develop
in 15.3–20.8% of neonatal CNS infection patients [1, 7].

Ouchenir et al. demonstrated ventriculitis in 6.3% of all pa-
tients in a Canadian neonatal CNS infection cohort. However,
a critical review of the imaging results in this cohort (a com-
bination of CUS, CT scan, MRI) raised the suspicion for
ventriculitis in 13% of patients, more comparable with the
results in our study [3].

Both meningitis and ventriculitis proved to be serious con-
ditions with a high morbidity and mortality. Mortality in our
cohort was one-third in both ventriculitis and meningitis.
Kumar et al. found a mortality of 22.2% in a ventriculitis
cohort at long-term follow-up (10/45 cases) [8]. Two British
and French studies found the mortality of neonatal CNS in-
fection to be 8–13%. Both studies found the mortality to be
significantly higher in preterm and very preterm infants (up to
27%), which is comparable with the mortality in our cohort
with a mean GA of around 28 weeks [2, 6].

We found significantly more ventriculitis patients to have a
PDA; however, further narrowing to hemodynamically signif-
icant PDA requiring treatment statistical significance was lost.
A possible explanation is the relationship between PDA and
IVH (subsequently PHVD being more common in
ventriculitis) with ductal steal leading to less cerebral flow
increasing the risk of IVH [13, 14].

The increased presence of CVL in meningitis patients is
possibly correlated to the (non-significantly) earlier diagnosis
of the CNS infection in this group. In our experience the ma-
jority of patients in initial NICU management (first 2–3 weeks
after birth) have a CVL in situ for TPN or medication. Patients
developing ventriculitis show a trend to be weeks older and
possibly had less need for a CVL at the time of onset.

Complications in the ventriculitis group were significantly
higher. We found that more patients at some point developed

Table 2 Pathogens
Meningitis Ventriculitis All

(n = 36) (n = 9) (n = 45)

n % n % n %

Coagulase negative staphylococci 3 8.3% 2 22.2% 5 11.1%

Enterococcus faecalis 4 11.1% 0 0.0% 4 8.9%

Group B streptococcus 3 8.3% 0 0.0% 3 6.7%

Staphylococcus aureus 1 2.8% 1 11.1% 2 4.4%

Gram Positive 11 30.6% 3 33.3% 14 31.1%

Escherichia coli 7 19.4% 3 33.3% 10 22.2%

Klebsiella pneumoniae 7 19.4% 1 11.1% 8 17.8%

Enterobacter cloacae 4 11.1% 2 22.2% 6 13.3%

Klebsiella oxytoca 4 11.1% 0 0.0% 4 8.9%

Enterobacter aerogenes 2 5.6% 0 0.0% 2 4.4%

Serratia marcescens 1 2.8% 0 0.0% 1 2.2%

Gram Negative 25 69.4% 6 66.7% 31 68.9%

No significant difference between meningitis and ventriculitis groups
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seizures and the majority of cases developed a significant
hydrocephalus needing treatment (versus only 2.6% in the
meningitis group). Our findings were comparable with that
of an Indian cohort describing hydrocephalus in 50% of
ventriculitis cases in 2015 [8]. However, 4 out of 5
ventriculitis patients with hydrocephalus in our cohort had a
pre-existing PHVD requiring treatment with either LP or a
drainage device.

It appears that the presence of IVH with required repeated
drainage of CSF is possibly associated with the development
of ventriculitis. We cannot however with our limited data
substantiate this finding.

The repeated therapeutic CSF drainage procedures in IVH
patients could be an entry point for pathogens leading to iat-
rogenic CNS infection advancing to include the ventricles.
Based on our findings, patients with PHVD are at risk for

Table 3 Ultrasound findings and time course

CUS1 (n = 39) CUS2 (n = 41) CUS3 (n = 31) Sign (1–2) Sign (2–3)

Abnormal CSF (ventricular) ± 5% (2) 15% (6) 26% (8) 0.030* 0.000*

Abnormal CSF (peripheral) ± 5% (2) 10% (4) 13% (4) 0.000* 0.042*

Abnormal ventricular lining ± 5% (2) 10% (4) 16% (5) 0.504 0.028*

Hydrocephalus 8% (3) 15 (6) 26% (8) 0.002* 0.063

IVH 85% (33) 73% (30) 77% (24) 0.120 0.218

Flaring 15% (6) 15% (6) 0% (0) 0.331 0.315

Parenchymal focal/diffuse 0% (0) 7% (3) 10% (3) 0.057 0.562

Echogenic lining of gyri 10% (4) 7% (3) 3% (1) 0.220 0.234

Abnormal shape of gyration 15% (6) 17% (7) 13% (4) 0.423 0.127

Other: Ischaemia 0% (0) 7% (3) 6% (2) 0.209 0.004*

Other: Infarction 3% (1) 7% (3) 0% (0) 0.489 0.000*

Other: Increased RI 8% (3) 17 (7) 26% (8) 0.257 0.168

Other: Oedema 0% (0) 0% (0) 3% (1) 0.197 0.245

Other: Abscess 0% (0) 2% (1) 3% (1) 0.288 0.149

±Diagnostic criteria for ventriculitis

CUS1, baseline; CUS2 at diagnosis, CUS3 1 week post diagnosis

Sign (1–2): p value of Pearson Chi-square comparing difference between CUS1 and CUS2 finding

Sign (2–3): p value of Pearson Chi-square comparing difference between CUS2 and CUS3 finding

*Indication of significance

Fig. 1 Ultrasound imaging from our cohort. (I) Top row shows images
from ventriculitis patients. (II) Bottom row shows contrasting images
from meningitis patients. IA: Slightly thickened ultrasound rich
ventricle walls. IB: Coronal image of bilateral enlarged ventricles, with
stranding in the right ventricle. IC: Coronal image showing hyperechoic

lining of the gyri and sulci, hyperechoic peripheral CSF. ID: Hyperechoic
appearance of white matter. IIA: Normal periventricular lining. IIB:
Normal non-reflecting CSF. No hydrocephalus. IIC: Virtual normal
lining. IID: Normal white matter surrounding the ventricles
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development of ventriculitis, and in reverse patients with
known ventriculitis should be closely monitored for develop-
ing hydrocephalus.

CSF composition comparison showed (non-significantly)
higher leukocyte count in ventriculitis cases. We found a sig-
nificantly higher CSF protein and lower CSF glucose value in
ventriculitis cases. Higher WBC and protein in CSF are asso-
ciated with bacterial CNS infections [15]. Possibly the ongo-
ing bacterial infection in ventriculitis is eventually leading to
the higher values we found. Ideally we would prefer to exam-
ine the possible differences in the blood/CSF glucose ratio,
but these data were not available.

Microbiology

The pathogens cultured in our cohort are common causative
pathogens in the NICU environment. We found E. coli,
Klebsiella pneumoniae and Enterobacter cloacae to be the
three most commonly encountered pathogens our cohort.
Other studies however have shown GBS to be the most com-
mon pathogen, followed by E. coli and other bacteria [2, 3, 6].
Oikike et al. demonstrated E. coli to be equally prevalent to
GBS in hospitalized preterm infants during CNS infection [2].
Our cohort consisted of early preterm infants, and these are
especially susceptible to severe acquired gram negative noso-
comial pathogens like Klebsiella and Enterobacter species
[16, 17].

We could not find any significant differences between
pathogens (individual or grouped as gram + and gram-) and
mortality, disease severity or post diagnosis complications.
Regarding pathogens and mortality, there have been some
contrasting findings in previous literature with a study in
2004 finding higher mortality in gram negative CNS infec-
tions [18] and a study published in 2006 finding no significant
differences between gram negative and positive infections
CNS infections [19].

Cranial ultrasounds and interrater agreement

In our study we used the presence of increased echogenic
lining of the ventricle, ventricular debris, visible strands and
ventricular dilatation as findings consistent with a diagnosis of
ventriculitis. This corresponds with the available literature on
ultrasound findings in ventriculitis patients [12, 20]. We
established that neonatal CNS infections gradually develop
to ventriculitis over time by observing a significant increase
of the ultrasonographic ventriculitis characteristics in each
consecutive CUS.

The time course also demonstrated that areas suspect for
ischemia or infarction were more often seen on the last
(CUS3) ultrasound. Patients with CNS infections should
therefore be monitored for cerebral insult. At the time the
patients of our cohort were admitted, MRI investigations were

not performed inmeningitis/ventriculitis cases as a standard of
care. In current times, if the clinical condition permits, we
strongly recommend more detailed additional imaging.

The interrater agreement between paediatric radiologists in
the diagnosis of ventriculitis proved high. Our Cohen’s kappa
value points to a substantial agreement according to Landis
and Koch [21]. Correcting for group and subject variability
(assessing the ICC) however decreased the measure of agree-
ment statistically. The CI of the ICCwas wide due to the small
number of cases, but the upper margin of the confidence in-
terval (0.71) was comparable with the value of the Cohen’s
kappa value (0.70). To reliably assess the interrater agreement
of the use of ultrasound in this disease, a larger group of cases
would be needed. As neonatal CNS infections are infrequent
but serious (and larger case numbers may be difficult to at-
tain), we state that bedside ultrasound is a reliable tool for the
diagnosis for ventriculitis.

Limitations

Although our study was performed in a unique cohort, there
are several limitations to this study and its results. Due to the
limited numbers, we were unable to determine reliable
corrected risk factors regarding comorbidities.

As mentioned, we would preferably have had access to
(sequential) cerebralMRI as a golden standard for ventriculitis
at the moment of the CNS infection in our cohort. Beyond
more detailed and valuable information, it would have given
us the possibility of calculating sensitivity and specificity of
CUS and ventriculitis. However, the logistic challenges due to
the critical condition of a significant number of the patients
made MRI scanning less accessible.

The retrospective nature interfered with the quality of the
available imaging as it was not always consistent with the high
imaging standards we adhere today. Additionally, reassessing
static ultrasound images is less optimal to dynamic assess-
ment. Finally, similarities in findings in ventriculitis and
IVH can make the correct diagnosis more challenging possi-
bly leading to under (or over-) diagnosis of ventriculitis.

Despite these limitations, we strongly believe our results
are of importance for clinicians, attending neonatologists and
paediatric radiologists. Future prospective studies should fo-
cus on high quality sequential cerebral ultrasound and MR
imaging during neonatal CNS infection. Imaging results
should be combined with detailed and standardized long-
term neurodevelopmental outcome assessments to identify
important risk factors for outcome or disease progression.

Conclusions

Neonatal ventriculitis is a serious entity in the continuum of
meningitis. Patients with pre-existing conditions like PHVD
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are at risk of developing ventriculitis. Early and correct diag-
noses of ventriculitis are both important because of possible
persisting or newly developing hydrocephalus or seizures.
Due to the progressive nature of meningitis to ventriculitis,
sequential imaging of neonates with CNS infections should
be performed.

Bedside cerebral ultrasound proved to be a reliable tool for
this sequential imaging leading to a sustainable radiological
diagnosis of ventriculitis. Criteria to diagnose ventriculitis
should include increased echogenic lining of the ventricle,
ventricular debris, visible strands and ventricular dilatation.
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