
1510

AJNR Am J Neuroradiol 22:1510–1516, September 2001

CT and MR Imaging Features of Pyogenic Ventriculitis

Melanie B. Fukui, Robert L. Williams, and Sanjay Mudigonda

BACKGROUND AND PURPOSE: Pyogenic ventriculitis is an uncommon manifestation of
severe intracranial infection that might be clinically obscure. We hypothesized that determining
characteristic imaging features of pyogenic ventriculitis in patients with appropriate risk fac-
tors might improve recognition of this severe infection.

METHODS: Review of the medical records from 1990 to 2000 revealed 17 cases (12 men,
five women) that satisfied inclusion criteria of abscess (n 5 3) and/or positive cultures or
increased white cells and protein in ventricular (n 5 12) or cisternal (n 5 1) cerebrospinal
fluid. In one case, the diagnosis of ventriculitis was based on the combination of bacterial
growth in lumbar cerebrospinal fluid and follow-up imaging. Staphylococcus species and En-
terobacter species were the most common organisms. Two neuroradiologists independently eval-
uated imaging studies for hydrocephalus, ventricular debris, periventricular attenuation or
signal abnormality, ependymal enhancement, and signs of meningitis or abscess. Sixteen studies
in 11 patients were performed after the intravenous administration of contrast material.

RESULTS: Ventricular debris was detected in 16 (94%) of 17 cases and was irregular in 13
(81%) of 16 cases. Hydrocephalus was present in 13 (76%) of 17 cases. Periventricular hyper-
intense signal was present in most (seven [78%] of nine) cases with MR imaging and was most
conspicuous on fluid-attenuated inversion recovery sequences. Ependymal enhancement was
detected in seven (64%) of 11 cases in which contrast material was administered. Signs of
meningitis (eg, pial or duraarachnoid signal abnormality or enhancement) were present in 13
(76%) of 17 cases. Three cases had imaging signs of abscess.

CONCLUSION: Ventricular debris was the most frequent sign of ventriculitis in this series.
An irregular level was characteristic of debris in ventriculitis. Hydrocephalus and ependymal
enhancement were less frequent signs. Detection of ventricular debris might facilitate diagnosis
of pyogenic ventriculitis, a potentially fatal infection, and thus permit appropriate therapy.

Pyogenic ventriculitis is an uncommon complica-
tion of intracranial infection in adults that has been
variably referred to as ependymitis, ventricular em-
pyema, pyocephalus, and ventriculitis (1–5). How-
ever, the imaging features of only a few cases of
ventriculitis have been described in adults. Because
ventriculitis is a frequent complication of menin-
gitis in infants (6), it has been well described at
sonography and CT in infants (7). Ventricular up-
take in radionuclide brain scintigraphy using tech-
netium-99m pertechnetate has been reported in
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children (8) and adults (4, 9). Although CT and MR
imaging are the mainstays of neuroimaging in cases
of adult meningitis, very few reports in sporadic
cases have documented CT and MR imaging find-
ings of ventriculitis (1–3, 10).

Because pyogenic ventriculitis is often clinically
indolent and avoiding a fatal outcome relies on ear-
ly treatment, we sought to improve the diagnosis
of this entity. Our purpose was to characterize the
CT and MR imaging features of pyogenic ventric-
ulitis to hasten recognition of this grave, adult in-
tracranial infection and, thus, to permit prompt, ap-
propriate therapy.

Methods

Patient Cohort

We reviewed the electronic medical records from January
1990 to March 2000 and discovered 17 cases (12 men, five
women) that met our criteria for the diagnosis of pyogenic
ventriculitis. Our diagnostic standards included intracranial
abscess (n 5 3) and/or positive cultures or increased white
cells in ventricular (n 5 12) or cisternal (n 5 1) cerebrospinal
fluid (CSF). One case demonstrated both brain abscess and
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Pyogenic ventriculitis: clinical data

Case
(No.) Sex Age (y)

Noso-
comial Risk Factor(s) CSF Culture, Gram’s Stain

CSF
Source

1 M 55 Poor dentition, brain abscess Bacteroides species A
2 F 44 Colon CA Staphylococcus aureus V
3 M 41 1 Craniotomy Enterobacter aerogenes V
4 M 63 1 Trauma with fracture Enterobacter cloacae V
5 M 29 1 Shunt Staphylococcus aureus V
6 F 35 1 Craniotomy No growth V
7 M 71 1 Craniotomy and EVD Gram-negative bacilli V
8 M 55 Seminoma metastasis Staphylococcus aureus V
9 F 51 1 Craniotomy, NIDDM Klebsiella species V

10 M 68 1 EVD for intraventricular hemorrhage No growth V
11 M 30 1 Abscess post-temporal lobectomy (trauma) Enterobacter cloacae V
12 M 65 1 Lumbar discectomy, diskitis, NIDDM Escherichia coli C1-2
13 F 58 NIDDM Gram-positive cocci L,A
14 M 42 NIDDM Streptococcus viridans L
15 M 45 1 Craniotomy, XRT Gram-positive cocci A
16 F 64 1 Abscess postcraniotomy, IDDM Klebsiella species V
17 M 22 1 Traumatic contusion Enterobacter species, Staphylococcus species V

Note.—A indicates abscess; CA, carcinoma; V, ventricle; EVD, external ventricular drain; NIDDM, non-insulin-dependent diabetes mellitus; C,
cervical; L, lumbar puncture; XRT, radiation therapy; IDDM, insulin-dependent diabetes mellitus.

bacterial growth on lumbar CSF culture. One case (Case 14)
demonstrated bacterial growth on lumbar tap and progressive
imaging signs on follow-up images. In two cases (Cases 6
and 10; Table), organisms were not demonstrated in ventric-
ular CSF. In these cases, there were increased white blood
cells (with increased polymorphonuclear cells) and elevated
protein in the ventricular CSF. These CSF data were consid-
ered to be compatible with ventricular pus. The patients
ranged in age from 22 to 71 years (mean age, 49 years).
Organisms found on culture were Enterobacter species (n 5
4), Staphylococcus species (n 5 4), Klebsiella species (n 5
2), Streptococcus species (n 5 1), Escherichia coli (n 5 1),
and Bacteroides species (n 5 1). One case (Case 17) dem-
onstrated both Enterobacter and Staphylococcus species on
culture. Two cases demonstrated gram-positive cocci, and one
case demonstrated gram-negative bacilli on microscopy.

Image Acquisition

CT.—Fifteen patients underwent CT scanning at 3-mm col-
limation with 5-mm interval in the posterior fossa and at 10-
mm collimation and interval above the tentorium cerebelli.
Five patients also underwent scanning after the intravenous
administration of iothalamate meglumine (150 mL).

MR Imaging.—All nine patients who underwent MR im-
aging were studied with a 1.5-T imager using standard T1-
weighted (600/8/2 [TR/TE/excitations]), fast spin-echo T2-
weighted (4000/102/2–4), and proton density–weighted (2400/
16/2) sequences, in addition to gradient-echo sequences (350/
11/2–3; flip angle, 20 degrees). Eight patients underwent T1-
weighted imaging after intravenous administration of gadoter-
idol, 0.1 mmol/kg. Fast fluid-attenuated inversion recovery
(FLAIR) imaging (10002/145eff/1; flip angle, 90 degrees) was
performed for seven cases, and diffusion-weighted imaging (b
5 1000; TR/TE, 10,000/minimum) and apparent diffusion co-
efficient maps were available for two cases.

Sixteen imaging studies (CT, seven; MR, nine) in 11 patients
were performed after the intravenous administration of contrast
material.

Image Interpretation

Two neuroradiologists independently evaluated 30 imaging
studies (CT, 20; MR, 10) of the 17 patients for hydrocephalus,
ventricular debris, periventricular attenuation or signal abnor-

mality, ependymal enhancement, and signs of meningitis (eg,
pial/duraarachnoid enhancement or subarachnoid signal abnor-
mality) or abscess (enhancement and signal abnormality). Ven-
tricular debris was further characterized as having a regular
(parallel to scanning table) or irregular level. Criteria for peri-
ventricular attenuation or signal abnormality related to ven-
triculitis included focal, asymmetrical, or polar. Differences be-
tween readers were adjudicated by consensus between the two
readers. The criterion for major disagreement was presence or
absence of a finding.

Results

Risk Factors
Several patients had more than one predisposing

condition for ventriculitis (Table). Risk factors for
ventriculitis in this series included craniotomy (n
5 7), diabetes (n 5 5), neurosurgical device (n 5
3), head injury (n 5 3), and poor dentition (n 5
1). Preexisting infections consisted of intracranial
abscess (n 5 3) and diskitis (n 5 1). Six patients
had multiple risk factors.

Imaging Findings
Ventricular debris was detected in 16 (94%) of

17 cases and was irregular in 13 (81%) of those 16
(Figs 1–5). The debris was hyperintense to CSF on
T1-weighted images and hypointense to CSF on
T2-weighted images. Hydrocephalus was present in
13 (76%) of 17 cases. Periventricular hyperintense
signal was present in most (seven [78%] of nine)
cases with MR imaging and was most conspicuous
on FLAIR images (Figs 1 and 5). Ependymal en-
hancement was detected in seven (64%) of 11 cases
in which contrast material was administered (Figs
2 and 5). Signs of meningitis were present in 13
(76%) of 17 cases (Fig 3). Three cases had imaging
signs of abscess (Figs 2 and 4). Septation of the
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FIG 1. Case 3. 41-year-old patient who underwent routine postoperative MR imaging 4 days after resection of a posterior fossa
ependymoma. Enterobacter aerogenes grew on culture of ventricular CSF.

A, Axial gradient-echo image (950/25/1 [TR/TE/excitation]; flip angle, 20 degrees) shows preexisting ventricular enlargement, related
to the tumor, and straight fluid levels with susceptibility artifact within the occipital horns consistent with blood (arrows).

B, CT scan from postoperative day 10 also shows this material.
C–E, On postoperative day 15, the patient deteriorated. Repeat imaging demonstrates hydrocephalus and irregular debris within the

ventricles on CT (C; arrows) and FLAIR images (10,002/145/1 [TR/TEeff/excitation]; inversion time, 2200) (D; open arrows) that does
not contain blood products on the gradient-echo image (850/25/1 [TR/TE/excitation]; flip angle, 20 degrees) (E). There also is extensive
periventricular hyperintensity (D; arrows), likely representing inflammatory change. Because there was no autopsy, we can only speculate
that the hyperintensity in the globus pallidus (arrowheads) might be the result of cerebritis or infarction from vasculitis.

ventricles in one case was noted as a late finding
(at 6 weeks) (Fig 5).

Agreement between the two readers was excel-
lent. Major disagreements occurred as follows:
three (10%) of 30 imaging studies for hydroceph-
alus; three (10%) of 30 studies for subarachnoid
space debris; two (6.7%) of 30 studies for ventric-
ular debris; and one (6.3%) of 16 contrast-enhanced
studies for pial enhancement. In one of the two
cases in which there was disagreement regarding
the presence of ventricular debris, there was dis-
agreement for CT findings but agreement for MR
imaging findings.

Discussion
Unsuspected ventriculitis might be a source of

persistent infection and therapeutic failure in the
management of meningitis (11,12). Gram-negative
bacteria, in particular, might more often be resistant
to standard antibiotics (13). Because fatal neuro-
logic damage might occur, even in cases in which
infection is ultimately eradicated, early treatment of
gram-negative bacillary meningitis is crucial (14).
Subsequent studies have shown that delayed CSF
sterilization is directly related to neurologic dete-
rioration in children (15). Because the presence or
absence of ventriculitis might affect management
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FIG 2. Case 13. 58-year-old patient with diabetes presented with altered mental status and multiple abscesses resulting from micro-
aerophilic streptococcus. Gram-positive cocci were found on lumbar CSF analysis as well. Signal abnormality in the periventricular white
matter and numerous abscesses (arrows) distributed throughout the deep and subcortical white matter are seen on proton density–
weighted (2000/19/1 [TR/TEeff/excitation]) (A) and T2-weighted images (2800/256/1) (B). The irregular ventricular debris (arrowheads)
is more clearly demonstrated on the proton density–weighted image (A). T1-weighted image (600/31/1) (C) obtained after intravenous
administration of gadopentetate dimeglumine show minimal ependymal enhancement (arrows).

FIG 3. Case 12. 66-year-old patient with diabetes and secondary biliary cirrhosis died following infection with E coli meningitis, diag-
nosed by C1-C2 puncture. Delayed diagnosis occurred as a result of mild signs and symptoms of infection.

A, Initial CT scan shows debris and slight hyperattenuation (arrow) compared with CSF, producing an irregular level in the interpe-
duncular cistern.

B, MR imaging was deferred for 2 days because of minor central nervous system symptoms. T2-weighted image (2300/96/2 [TR/TE/
excitations]) shows irregular debris (arrows) layering in the lateral ventricles.

C, T1-weighted contrast-enhanced image (500/26/1) shows striking pial subarachnoid space enhancement (arrows), but no ependymal
enhancement.

decisions, its detection is critical to ensure early,
adequate treatment of meningitis.

Delayed or inadequate treatment as a result of
delayed recognition of relatively benign signs and
symptoms, therefore, might account, at least in
part, for the high mortality rates associated with
meningitis (13). One series that examined reasons
for delayed treatment of meningitis cited failure to
consider the diagnosis as a significant cause (16).
A noninvasive method for detection of ventricu-
litis would be highly desirable, since it could po-
tentially avoid the morbidity of invasive methods
of diagnosis. Recognition of relatively subtle im-

aging signs of ventriculitis, therefore, might have
an impact on patient care. We are aware of no re-
cent literature that documents the frequency with
which ventriculitis complicates adult pyogenic
meningitis; however, failure to recognize this entity
might account for the scant literature. Furthermore,
although not established in adults, the presence of
ventriculitis in infants imposed greater morbidity
and mortality rates (17).

The most frequent type of infection associated
with pyogenic ventriculitis in this series was gram-
negative meningitis (nine [60%] of 15 cases in
which an organism was demonstrated by culture or
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FIG 4. Case 15. Five months after left
frontal craniotomy and resection of an oli-
godendroglioma, 45-year-old patient pre-
sented with headache. Postoperative ther-
apy included adjuvant radiation therapy
and steroids for headaches. This MR im-
aging study prompted a repeat operation
in which two abscesses containing gram-
positive cocci, one superficial and one
deep, were discovered.

A, FLAIR image (9002/165/1 [TR/TEeff/
excitation]; inversion time, 2200) shows a
large left frontal mass with surrounding sig-
nal abnormality (abscess at operation) and
debris in the left atrium.

B, Axial T1-weighted image (500/20/1
[TR/TE/excitation]) shows a cavitary left
frontal lesion with peripheral enhance-
ment. At second operation, this proved to
be a deep abscess that was in continuity
with the ventricle

C, Diffusion-weighted image (10,000/
96.8/1000 [TR/TEeff/TI]) shows hyperin-
tense signal in the left ventricular debris.

D, Apparent diffusion coefficient maps
do not show restricted diffusion in the left
ventricular pus.

Gram’s stain) followed by Staphylococcus species.
That most cases were gram-negative infections co-
incides with previous series that identified cases of
ventriculitis (11, 14, 18). The mortality rate of
gram-negative bacillary meningitis approaches
50% in large series (11–13, 18, 19). The mortality
rate of meningitis caused by gram-positive organ-
isms remains high (30%), as well, despite advances
in antibiotic therapy (20).

The frequency of gram-negative bacillary men-
ingitis has increased steadily during the past 30
years, which likely reflects an increase in nosoco-
mial meningitis (18). Indeed, Durand et al (18) re-
ported that 46% of recurrent nosocomial meningitis
was gram-negative. In this series, seven (58%) of
12 cases of nosocomial ventriculitis were caused
by gram-negative organisms. Meningitis caused by
gram-negative bacilli presents a challenge in terms
of management and detection because its course is
often indolent (13) and it is prone to recurrence
(18).

The relative lack of fever and severe presenting
symptoms in these cases might reflect the predilec-
tion of meningitis for immunocompromised pa-
tients, including those with alcoholism, cirrhosis, or

diabetes and patients recently having undergone
surgery (14, 19). The predisposing factors for ven-
triculitis and gram-negative meningitis that we re-
port are similar to those in other series (14, 19).
Nosocomial meningitis often is attributable to re-
cent neurosurgical procedure or to a neurosurgical
device (18). Additional conditions that have been
catalogued include CSF leak and head injury (18).

In our series, we sought to identify CT and MR
imaging features of pyogenic ventriculitis in an ef-
fort to improve detection and effect prompt treat-
ment. Ventricular debris was the most characteristic
finding (Figs 1–5). This material might be irregular
in contour because of the high protein content and,
possibly, necrotic material. Elevated protein con-
tent in CSF might be related to a decrease in CSF
production, as reported by Breeze et al (21) in
studying a rabbit model of E coli ventriculitis. Sim-
ilarly, the intermediate attenuation and signal inten-
sity of the intraventricular material also might re-
sult from protein and necrotic material within the
CSF (21). Breeze et al (21) found that the choroid
plexuses of the animals were ‘‘covered by a se-
questrum of debris, bacteria, leukocytes, and pro-
teinaceous matrix.’’ In a study of infants, Berman
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FIG 5. Case 14. 42-year-old patient with diabetes initially presented to an outside facility with meningitis and underwent serial imaging
demonstrating the imaging course of ventriculitis during a 7-week period. Streptococcus viridans grew on CSF culture.

A, Initial contrast-enhanced CT scan shows irregular ventricular debris (arrowheads), hydrocephalus, and ependymal enhancement
(arrows).

B–D, MR imaging performed 2 weeks later shows ventricular debris (short arrows) and periventricular signal abnormality (long arrows)
on proton density–weighted (2000/15/1 [TR/TEeff/excitation]) (B) and FLAIR images (9002/147/1; inversion time, 2200) (C). T1-weighted
image (800/20/1) obtained after gadopentetate dimeglumine administration shows extensive ependymal enhancement (arrows) and
enhancement of a left posterior cerebral territory infarct.

E and F, There is progression of findings on MR imaging performed 7 weeks after initial presentation. FLAIR (10002/155/1; inversion
time, 2200) (E) and T1-weighted images (800/8/1) (F) show loculation of ventricles (arrows) with persistent periventricular signal ab-
normality, but diminished ependymal enhancement.

and Banker (22) described tufts of glial tissue pro-
jecting through areas of denuded ependyma into the
ventricular exudate that also might contribute to the
intraventricular debris. They also attributed several
cases of hydrocephalus to obstruction of the aq-
ueduct of Sylvius or the foramina of Luschka and
Magendie by bridging glial projections. These pro-
jections also might contribute to late septation of
the ventricles (Fig 5). In our experience, an irreg-
ular level within the ventricle was quite specific for
pus and was distinguished from either the straight
level of acute blood or the casting configuration of
clotted blood (Fig 1). Although debris in the ven-

tricles has been reported in sporadic cases (1, 2,
10), to our knowledge, the irregular configuration
of debris reported in this series has not been de-
scribed previously. In the two cases for which dif-
fusion-weighted imaging was available, the debris
was more conspicuous because of its bright signal.
Neither case demonstrated restricted diffusion (Fig
4), despite what others have observed in abscess
(23). No conclusion can be drawn, however, from
this limited experience with diffusion-weighted im-
aging in ventriculitis. Diffusion-weighted imaging
might still prove an important sequence in diag-
nosing intracranial infection insofar as it might in-
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crease lesion conspicuity. The presence of ventric-
ular debris was the most commonly observed
(94%) imaging sign of ventriculitis.

Hydrocephalus was present in 76% of cases in
this series and has been documented in some of the
few cases reports in the literature (1, 2, 10). Peri-
ventricular signal abnormality, detected in 78% of
cases with MR imaging, likely reflects the periven-
tricular inflammatory change observed at patholo-
gy (9). Transependymal CSF was considered a less
likely explanation for the periventricular signal ab-
normality because of the circumferential pattern
observed in these cases. Other potential sources of
periventricular signal abnormality include swollen
subependymal astrocytes and perivascular infiltra-
tion with lymphocytes and plasma cells (24);
chronic infection might result in subependymal as-
trocytic and microglial proliferation (22). Because
the periventricular signal abnormality and ependy-
mal enhancement occurred together in most cases
(n 5 5), this inflammation might explain the ep-
endymal enhancement that we observed in most
(64%) patients who also underwent imaging after
contrast medium administration. Denuding of the
ependyma, as described in infants with ventriculi-
tis, could potentially be responsible for, or be co-
incident with, breakdown of the blood-brain barrier
and, hence, enhancement (22). Ependymal en-
hancement also has been described in occasional
case reports of ventriculitis (1, 2), however, it is
not specific for infection.

The small sample size and retrospective design
are limitations of this investigation. Nonetheless,
the reported imaging findings of ventriculitis, cor-
related with the clinical data, represent the first step
toward early diagnosis and appropriate treatment of
gram-negative meningitis. A prospective study is
needed to establish the true incidence of ventricu-
litis and its impact on outcome.

Conclusion
Ventriculitis may be an indolent and lethal in-

fection and is a potential source of persistent in-
fection, even when meningitis is treated. Early di-
agnosis is essential for the appropriate treatment of
ventriculitis. The finding of irregular ventricular
debris is especially characteristic of ventriculitis
and, in the appropriate clinical setting, should
prompt aggressive therapy.
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