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Objective : The aim of this study is to assess the significance of an apparent diffusion coefficient{ADC] study for diagnosis

of ventriculitis.

Methods : Seven patients with ventriculitis were enrolled in this study. Diffusion-weighted(DW)} magnetic resonance
images(MRI) and ADC maps in the dependent intraventricular collection, periventricular white matter and non-dependent
cerebrospinal fluid(CSF) were obtained. The images and ADC data from the different lesions were compared.

Results : The DW MRI showed marked hyperintensity in the purulent pus lesion, and the corresponding ADC maps
revealed prominent hypointensity and restricted ADC values compared with the non-dependent CSF and normal white

matter.

Conclusion : The decreased ADC value and increased signal intensity of the dependent intraventricular fluid on the DW
MRI show restricted water diffusion in the purutent fluid, which is indicative of a pyogenic ventriculitis diagnosis.

KEY WORDS : Pyogenic ventriculitis - Magnetic resonance imaging - Diffusion weighted imaging -

Apparent diffusion coefficient.

Introduction

entriculitis is a rare intracranial infection in adults that has

been referred to as ependymitis, ventricular empyema,
pyocephalus, and ventriculitis'®. Pyogenic ventriculitis is a
subset of ventriculitis, which is characterized by the presence of
suppurative fluid in the ventricles. It is important to recognize
pyogenic ventriculitis because its signs and symptoms may be
subtle, its course can be indolent but lethal, and it may be the
cause of meningitis, which is difficult to eradicate'>'®. The case
numbers of pyogenic ventriculitis are likely to increase due to
the increasing incidence of bacterial meningitis over the last 30
years as a result of nosocomial infections'.

Although computed tomography(CT) and magnetic resonace
image(MRI) are the mainstays of neuroimaging in cases of adult
meningitis, few reports of sporadic cases have documented the
CT and MRI findings of ventriculitis”. Because the major

obstacle in the effective teatment of ventriculitis is a failed or

19, this study aimed to improve the diagnosis

delayed diagnosis
of this disease entity. The main goal was to examine the ability
of diffusion-weighted(DW) MRI and apparent diffusion
coefficient(ADC) maps to the diagnosis of pyogenic ventricu-

litis in order to hasten the recognition of this grave intracranial
infection, and permit a prompt, appropriate treatment.

Materials and Methods

Patient characteristics

This was a retrospective study of an MR examination
performed on 7patients (3women and 4men [aged 5~78;
mean 49]) with pyogenic ventriculitis who were admitted to
our institution from 2002 to 2003. Venuiculitis was caused by
a ventricular extension of a cerebral abscess in two patients, an
jatrogenic shunt infection in three, subdural empyema in
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Table 1. Summary of the causative organisms and patient's characteristics in the seven ventriculitis patients

obtained from all patients. The

ADC value (x107* mm?/sec)

Cose AgefSex Cause Organism causative organisms were varied
Pus Normal CSF WM (Table 1).

1 66/F Abscess S. aureus 0.57 2.87 1.02
2 5/M Shunt fnfecT!on P. ceruglngsc.l 0.76 3.65 143 MR imaging
3 78/M Shunt infection S. epidermidis 0.66 3.46 1.35 A 15T G
4 59F  Abscess S. aureus 0.78 2.72 1.27 -)- 4 scanner fuyroscan
5 67/M  Shunt infection A.Boumannii 0.1 3.12 1.39 NT; Philips medical systems,
6  6IF  Subdural empyema CNS 0.54 3.25 129 Best, Netherlands) was used for
7 M BD . aureus 0.59 3.57 1.15 MR imaging. The conventional

M : male, F: female, ADC : apparent diffusion coefficient, WM : white matter, CSF : cerebrospinal fluid, S. aureus :
Staphylococcus aureus, P. aeruginosa : Pseudomonas aeruginosa, S. epidermidis : Staphylococcus epidermidis, A
baumannii : Acinetobacter baumannii, CNS : coagulase negative staphylococcus, EVD : external ventricular drainage
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Fig. 1. Case 1. A 66—yecar—old patient with diabetes initially presented
to an outside facility with headache and confused mentality.
Staphylococcus aureus grew on cerebrospinal fluid culure. A @ T1-
weighted magnetic resonance({VR) image obtained after gardolinium
administration showing a cystic, ring—enhancing cavity with peripheral
hypointensity in left frontal region. Purulent material in the dependent
portion of the left lateral ventricle is demonstrated (arrow). B : FLAIR
MR image showing loculation of the ventricle with periventricular
signal abnormality and pus—cerebrospinal fluid(CSF) level (white
arrows) in the dependent portion of the ventricle. C : Diffusion—
weighted MR image showing a fluid—pus level (white arrow) in the
occipital horn of the lateral ventricle. Diluted pus is uniformly
hyperintense and bright as much as the abscess cavity (black arrow).
D : Apparent difiusion coefficient(ADC) map depicting hypointense
diluted intraventricular pus (white arrow) that is intermediate in
brightness compared with that of the CSF and that of the abscess
cavity (black arrow).
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one, and in one patient, the cause was believed to be multiple
procedure of external ventricular drainage(EVD). The
presence of pyogenic ventriculitis and the causative organism
were demonstrated by a cerebrospinal fluid(CSF) study and
MR studies including DW imaging and ADC maps were

24

MR imaging protocol included
(a) axial T1-weighted spin-echo
(500/10{repetition time (TR)
msec/echo time (TE) msec]), (b) axial T2-weighted fast spin-
echo (4500/100[TR msec/TE msec]), and (c) axial FLAIR
(10000/400/2200[inversion time]). The parameters of
conventional MR imaging were a 256 X 192 matrix, a 23-cm
field of view, and 2 5mm/2mm slice thickness/intersection gap.
Single-shot, spin-echo, echo-planar DW image sequences
were obtained by applying the diffusion gradients in three
orthogonal directions for each slice, with two diffusion
weightings (b value=0 and 900 or 1000sec/mm’). Isotropic
DW image was generated on-line by averaging the three
orthogonal-axis images. After the lesion had been detected,
post-processing to obtain the ADC maps were completed
using online software that ran a pixe-by-pixel analysis. All
the ADC values are expressed in 107 mm?/sec. After reviewing
the entire film sequence, two of the authors placed several
region of interest(ROI) in the central part of the lesion in
multiple cuts for the ADC measurements. The size of the
ROI was chosen in order to avoid the inclusion of perivent-
ricular edema. For all patients, the control values were mea-
sured in the healthy white matter and non-dependent vent-
ricular CSE. A mean value was calculated for the ADC in
the lesion, the normal white matter, and the non-dependent
ventricular CSE For all the statistical tests, a difference was
defined as being significant when the probability value was
less than 0.05.

Results

he characteristics of seven ventriculitis patients were

summarized in Table 1. The DW MRI and correspo-
nding ADC maps were obtained from all patients. Ventric-
ulitis and its associated brain abscesses demonstrated strong
hyperintense signals particularly in the occipital horn of the
lateral ventricle, which is in contrast to the hypointense signal
of the CSE At the same level, a hypointense area, which is
corresponded to the brain abscess, was found in the ADC
maps adjacent to the hyperintense CSF signal (Fig. 1). A
weak hyperintense area corresponding to the edema surro-



Fig. 2. Case 2. A 5—-year—old boy with purulent ventriculitis after resection of posterior fossa
medulloblastorma and ventricular shunt placement. A : Non—enhancement computed tomography
scans of hydrocephalus thiteen day after shunt placement showing ventricular debris (white
arrow) in oceiptal horn of the lateral ventricle. B : Diffusion—weighted magnetic resonance image
showing pus in dependent position of occipital homs and marked hyperintense signal (arows)
compared with cerebrospinal fluid and brain parenchyma. C : Corresponding apparent diffusion
coefficient(ADC) maps showing the reduced ADC value of dependent purelent material of

occipital horn.
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Fig. 3. Vertical box plots showing different apparent diffusion
coefficient{ADC) values of the separate region of interest. ADC
value of pus in the ventricle is significantly lower than that of
cerebrospinal fluid and white matter. Data represent the mean
ADC value in all patients in the respective group.

unded the ventricular pus on the DW images (Fig. 2). Low
ADC values were found in case of abscess and ventriculitis
(mean of 0.58 and 0.69, respectively). In the one patient with
a subdural empyema, a mean ADC value of 0.9 (range 0.83-
0.98) was calculated.

In all ventriculitis patients, the surrounding periventricular
edema was visualized as a weak hyperintense area on the DW
images, which is similar to the perilesional edema of the abs-
cesses. The mean ADC values for the normal white matter
and non-dependent CSF was 1.27 (range 1.02-1.43) and 3.23
(range 2.72-3.65) respectively. The ADC values for the ven-
tricular pus and abscesses were similar but significanty lower
than those for the normal white matter and non-dependent
CSE The statistical differences between the ADC value of
the ventricular pus and those of the white matter, and non-
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dependent CSF were signific-
ant (Fig. 3).

Discussion
yogenic ventriculitis is a

P rare intracranial infection
that occurs most often as a co-
mplication of a brain abscess
rupture into the ventricle or
after a neurosurgical procedure
such as a craniotomy, EVD or
a ventriculo-peritoneal shu-
"1 And also, unsuspe-
cted ventriculitis might be a
source of a persistent infection
and the therapeutic failure in

n

the management of meningitis, which can be fatal'”. In par-
ticular, gram-negative bacteria might be resistant to standard
antibiotics. The eatly treatment of ventriculitis is crucial, be-
cause fatal neurological damage can occur, even in patients in
whom the infection is ultimately eradicated. Subsequent studies
have shown that delayed CSF sterilization is directly related to
neurological deterioration in ventriculitis patients®”. One
series that examined the reasons for the treatment failure of
ventriculitis cited the delayed diagnosis to consider as being a
significant cause”®. Therefore, the detection of ventriculidis
is important to ensure an early and appropriate treatment
because the presence or absence of ventriculitis might affect
the management decisions.

The relative lack of fever and the severe presenting symptoms
of ventriculitis might highlight the predilection of immuno-
compromised patients for ventriculitis, including those suff-
ering from alcoholism, cirrhosis, or diabetes and patients ha-
ving recently undergone a neuro-surgical procedure. Usually,
these patients are critically ill. Therefore, a noninvasive met-
hod for the detection or follow-up of ventriculitis is highly
desirable, because it could pote-ntially avoid the morbidity
associated with invasive methods of diagnosis'”. Recently,
Fukui et al. described the MR and CT imaging features of
17patients with pyogenic ventriculitis”. An irregular configur-
ation of the ventricular debris, hydrocephalus, periventricular
hypointensity, ependymal contrast enhancement, and the
signs of meningitis have been reported in many patients.

The clinical picture, along with the laboratory findings,
might assist in narrowing the diagnosis, but a radiological
examination has become invaluable for confirmation. Usually,
drainage of the CSF by any means is essential, so the app-
ropriate antibiotics can be administered to treat the cultured
organisms. However, lumbar puncture in the setting of a
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cerebral abscess is potentially detrimental, particularly when
the intracranial pressure is elevated, in which case the diag-
nosis based on CT or MR imaging findings becomes crucial”.

Echoplanar DW MR imaging has become a widely acc-
epted method for examining stroke, because it allows the
detection of an infarct at a much earlier stage than either
CT or conventional MR imaging"'®. The reduced ADC
value can be used as the first visible indicator of tissue abno-
rmality on MR imaging, which has been shown to be asso-
ciated with the failure of energy-dependent ion homeostasis
and cytotoxic cell swelling”. The diffusivity of water is aff-
ected in a wide range of other pathologies. Therefore, DW
MR imaging has been shown to be useful for evaluating a
myriad of disease processes, including cerebral infarction,
tumors, abscesses, demyelinating disease, and vertebral
compression fractures®'®'*'*?, Ebisu et al. first reported on
DW imaging and ADC calculations as being potentially
helpful in the diagnosis of a brain abscess”. They reported a
case of a cerebral abscess in which the DW images demon-
strated hyperintensity in the abscess cavity (in vivo) as well
as in the aspirated abscess fluid (in vitro). Both of these
findings corresponded to a low ADC value. The ADC in
the extracellular space is dictated by a tortuosity factor, which
represents the length of the path of a molecule traversing in
a medium. Under normal condition, water molecules easily
traverse through the extracellular space via random Brownian
motion'”??. In the setting of a brain abscess or organized
pus, the movement of water molecules is influenced by the
content of the abscess or pus, which consists of varying
amounts of inflammatory cells, microorganisms, and
proteins. All of these components are large macromolecules™.
Many investigators reported that the ADC value is inversely
proportional to the protein concentration'”. Consequently,
these macromolecules retard the diffusion of water molecules
within an abscess cavity. In addition, water molecules in an
abscess are bound to carboxyl, hydroxyl, and amino groups
on the surfaces, which further limit their translational
movement®, These factors most likely explain the imaging
features of an abscess cavity along with other purulent
pathologies (high signal intensity on DW images and low
ADC values).

With respect to the DW MR imaging findings of ventric-
ulitis, Fukui et al. reported that diffusion in a purulent
intraventricular fluid was not restricted in two cases. However,
they did not report the ADC values for these cases”. Pezzullo
et al. recently reported three patients with pyogenic ventric-
ulitis, who were diagnosed prospectively as a result of the
signs of markedly restricted water diffusion on the DW
MR imaging'®. However, the number of cases was so small,
and the data was not conclusive. In our seven cases with
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ventriculitis from various origins, there was restricted diffu-
sion in the dependent purulent intraventricular fluid, which
showed high signal intensity on DW images and low ADC
values. In the patient, in whom a cerebral abscess had rup-
tured into the left lateral ventricle, the abscess core showed
hyperintensity on the DW images with corresponding ADC
hypointensity. These results confirmed the findings reported
by other groups. It should be noted that although the intra-
venticular pus had the same degree of hyperintensity on the
DW images as that of the abscess core, it had variable signal
intensity on the corresponding ADC maps (intermediate to
hypointense signal). This finding was attributed to a gradient
of concentrated macromolecules, cells and cellular debris,
and microorganisms within the pus that were diluted by
the CSF to a greater extent and were better depicted in the
right ventricle. This indicated that the ADC maps, which
depicted regional variation in ADC values, were more sen-
sitive in showing subte change in the content or concentration
of the pus than DW imaging.

The ADC value can be used for the non-invasive method
of follow-up the pyogenic ventriculitis patient using this
characteristic where the viscosity and content of the pus can
be monitored using this method during the therapeutic
period. Therefore, ADC maps are important for extracting
the quantitative information for diagnosis or follow-up the
purulent processes in the brain, which is lacked in DW
images. However, another interesting finding in the literature
is that in the case of an intracerebral hemorrhage, the DWI
and ADC maps showed various types of signal intensity in
the different stages of hematoma'”. In the cases with hyper-
acute and late subacute hematoma, the signals at the center
of the hematoma are hyperintense in the DW images. Con-
sidering that pyogenic ventriculitis usually occurs after a
neurosurgical procedure such as a craniotomy, the EVD in
the cases of intraventricular hemorrhage(IVH), it is impor-
tant in distinguishing an IVH from pyogenic ventriculitis.
In these cases, the MR imaging or CT findings would be
helpful. In particular, periventricular hyperintensity on
FLAIR images and the ependymal contrast enhancement on
MR images would not be expected in cases of IVH, and a
marked signal loss in the blood products would be expected on
the gradient-echo T2-weighted MR imaging in IVH cases™.

Conclusion

DWimaging with ADC mapping is useful for screening
and diagnosing pyogenic ventriculitis due to the
specific signal intensity profile and the ADC counting of the
ventricular pus that shows restricted water movement. Therefore,
the finding of restricted diffusion in patients with pyogenic



ventriculitis suggests the presence of intraventricular pus. The
limitations of this study include the lack of a histopathological
confirmations and the small number of cases. Although a
complete understanding of the underlying biophysical basis
may require further studies using a larger population, these
results suggest that a better understanding of the DW images and
ADC maps are useful in characterizing pyogenic ventriculitis
for therapeutic planning and follow-up.
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