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Abstract The purpose of this case report is to increase
the knowledge about magnetic resonance spectrum of
pyogenic abscesses of the brain. A 74-year-old woman
presented with a left frontal lobe cystic mass, developed in
the site of post-traumatic contusions after surgical evacu-
ation of a subdural hematoma. MR imaging showed an
ipsilateral mass lesion with a thin, regular rim of T1 high-
intensity signal, T2 low-intensity signal, and gadolinium-
enhancement. Diffusion-weighted imaging with measure of
apparent diffusion coefficient value showed inhomogenous
diffusion restriction in the lesion core. Perfusion-weighted
imaging (PWI) demonstrated high relative cerebral blood
volume (rCBV) in both the lesion wall and perilesional
area, with a maximal rCBYV ratio (rCBV of the lesion/rCBV
of the normal contralateral white matter) of 5.65 and 0.58,
respectively. As a result, surgery and pathology showed a
pyogenic abscess. Cultures grew were Providencia stuartii
species. In conclusion, a pyogenic brain abscess from
P. stuartii may show high rCBV at PWI, thus mimicking a
necrotic tumour.
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Introduction

The differential diagnosis between brain abscesses and
necrotic tumours is not always possible by gadolinium-
enhanced conventional magnetic resonance (MR) imaging
[1-3]. Diffusion-weighted imaging with calculation of the
apparent diffusion coefficient (DWI-ADC) had signifi-
cantly contributed, since the core of pyogenic abscesses
generally shows high-intensity signal on DWI and low
mean ADC value due to the restricted diffusion of water
molecules in the cavity containing bacteria, and inflamed
cells. The core of necrotic tumours generally shows unre-
stricted diffusion [4-8]. However, also the specificity of
DWI-ADC is not absolute, since some brain abscesses
show a core of high mean ADC value, and some primary
and metastatic brain tumours show a core of low mean
ADC value [9-14]. Perfusion-weighted imaging (PWI)
provides information on brain haemodynamics in normal
and pathological conditions. Several studies have shown
that the gadolinium-enhancing capsules of brain abscesses
have a relative cerebral blood volume (rCBV) value lower
than those of necrotic tumours, due to the lack of neoan-
giogenesis in the brain abscesses [9, 15-18]. However,
these results should be considered preliminary, given the
limited number of reported cases and aetiologies of brain
abscesses [19].

The purpose of this case report is to increase awareness
of the spectrum of brain abscesses by reporting DWI-ADC
and PWI findings of an uncommon case of pyogenic brain
abscess from Providencia stuartii.
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Case report

A T4-year-old semicomatouse woman was admitted to the
Unit of Neurointensive Care of Azienda Ospedaliera di
Rilievo Nazionale “Gaetano Rummo”, Benevento, Italy
from a rehabilitation center, since a computed tomography
(CT) of the brain (Fig. 1a) showed a hypodense cystic lesion
in the left frontal lobe. This occurred 3 months after left
fontal craniotomy for the evacuation of a traumatic subdural
hematoma. At admission, the patient had a Glasgow Coma
Scale score (GCSs) of 9, and a urinary catheter for neuro-
logical bladder, and was afebrile. Laboratory showed only
an increased percentage of neutrophils (84.1%). History
revealed episodes of pulmonary infections treated with
antibiotics in the rehabilitation center. Brain MR imaging
(Fig. 1b-h) confirmed a 54 x 54 x 45 mm cystic mass in
the left frontal lobe, showing a well-definite thin rim of
high-intensity signal on T1-weighted images, low-intensity
signal on T2- and T2*-weighted images, and intense con-
trast-enhancement on gadolinium-enhanced T1-weighted
images, and a core of heterogeneous signal intensity on
both T1- and T2-weighted images without gadolinium-

enhancement. The lesion core was heterogeneous also at
isotropic DWI obtained with an echo-planar spin-echo
technique with b values of 0 and 1,000 s/mm?, showing an
inversely heterogeneous mean ADC at ADC maps. The
focal gravity-dependent and medial portions of the core
showed restricted diffusion (0.587 x 10~> mm?/s), and the
other portions showed unrestricted diffusion (1.17 x 1073
mm?/s). Proton MR spectroscopy (1H-MRS) was not per-
formed because of not completely patient’s collaboration.
PWI was performed by a T2-weighted echo-planar spin-
echo sequence during the passage of an intravenous bolus of
0.1 mmol/kg of Gadobutrol (Gadovist, Bayer-Schering,
Germany), followed by 20 ml of saline solution, at a flow
velocity of 5 ml/s. Hemodynamic evaluation was made by
identifying multiple regions of interests (ROIs) from the
rCBV colour map showing maximal perfusion (Fig. 1g).
Multiple ROIs were measured in the wall of the lesion, in
the perilesional area, and in the contralateral normal-
appearing white matter, resulting in mean ROIs leading to
rCBYV ratio, i.e. rCBV of the lesion/rCBV of the normal
contralateral white matter. Relative CBV was increased in
the wall of the lesion and in the perilesional edema with a

Fig. 1 Computed tomography (CT) and magnetic resonance (MR) of
the brain. Unenhanced CT axial scan (a) show a large mass of low
attenuation density in the left frontal lobe. Unenhanced T2-weighted
(b), T2*-weighted (c), and T1-weighted (d), isotropic diffusion-
weighted (DW) (e) and mean apparent diffusion (ADC) map
(f) obtained with a b value = 1000 s/mm?, relative cerebral blood
volume (rCBV) map (g), and gadolinium-enhanced T1-weighted
(h) axial MR images show a thin, regular rim of high-intensity signal
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on Tl-weighted images (white arrows), low-signal intensity on
T2- and T2*-weighted images (black arrows), high rCBV (white
arrowheads), and intense contrast-enhancement (black arrowheads),
and an inhomogeneous core in all the images. The study plan of the
perfusion-weighted images (g) were different from the conventional,
DW and ADC maps ones (a—f, h), in order to avoid artifacts from
frontal bones
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rCBV ratio of 5.65 and 0.58, respectively. Presumptive
diagnoses included pyogenic abscess and infected necrotic
tumour. Surgical aspiration of the lesion with resection of
the wall was then performed by a left frontal craniotomy.
Postoperatively, the patient showed a subtle clinical
improvement, and 2 days later, she was discharged and
transferred to the rehabilitation center. Pathology ruled out
a neoplasm, and showed a pyogenic abscess. Cultures grew
P. stuartii species, which showed a high susceptibility to
meropenem at susceptibility test. The patient was then lost
at follow-up.

Discussion

Brain abscesses are not frequent [20-22], accounting for
1-2% of intracranial space-occupying lesions in the
developed countries, and 8% in developing countries.
Brain abscesses may occur at any age but are most com-
monly encountered in the first four decades of life. About
one-third of all brain abscesses are pyogenic. Pyogenic
brain abscess is a localized focus of pus circumscribed by a
fibrous-tissue capsule, usually secondary to an acute bac-
terial infection. The necrotic cavity contains a large amount
of neutrophils and proteins. In up to 40% of cases, a pri-
mary infection is not recognized. Predisposing factors
include diabetes mellitus and immune system disorders,
however the patient presented herein was neither diabetic
nor immunocompromised. The occurrence of brain
abscesses is favoured by (1) haematogenous spread of
bacteria from distal foci of infection such as endocarditis,
and pneumonia, (2) contiguous foci of infection such as
otitis, mastoiditis, and sinusitis, and (3) head injury with
penetration of bone fragments or foreign bodies [23, 24].
The abscess formed from haematogenously disseminated
infection is generally located at the gray-white matter
junction in the distribution of the anterior or middle cere-
bral artery, most commonly in the frontal and parietal lobes
[25]. Brain abscess developing at the site of previous
intracerebral haematoma, such as in the patient presented
herein, is a rare occurrence [26-28].

Providencia stuartii is a Gram-negative bacterium
commonly found in soil, water, and sewage [29-31], and
the most common of the five species found in the genus
Providencia which include also P. rettgeri, P. alcalifac-
iens, P. rustigianii, and P. heimbachae. Notably, P. stuartii
is the most common Providencia species capable of caus-
ing human infections. It is an opportunistic pathogen seen
in patients with severe burns or long-term indwelling uri-
nary catheters, putting elderly individuals at a greater risk
for infections. The long-term-catheterized urinary tract
may offer a particular niche to P. stuartii, which is other-
wise an uncommon clinical isolate. Published accounts of

bacteriuria in patients catheterized for long periods indicate
that P. stuartii has often been found as frequently as
familiar uropathogens such as Escherichia coli, Proteus
mirabilis, Enterococcus, and Pseudomonas aeruginosa
[29-31]. The disruption of the blood-brain barrier by
haemorrhage may predispose the affected brain tissue to
infection by haematogenous spread of bacteria [32]. The
patient presented herein had a long-term catheterized uri-
nary tract for neurological bladder, however there were no
reports of bacteriuria neither of septicaemia. An alternative
scenario is that the brain abscess was secondary to the
spread of bacteria in the course of neurosurgical procedure
for the evacuation of acute subdural hematoma.

At conventional unenhanced MR images, the collage-
nous capsule of the abscess can be seen as a regular rim of
generally hypointensity or, less frequently, isointensity on
T2-weighted images when compared to the white matter
[1, 2], isointensity or slightly hyperintensity on T1-weighted
images [1, 25]. High-intensity signal on T1-weighted images
has been attributed to paramagnetic free radicals within
phagocytosing macrophages [1]. Abscess core is typically
hypointense on T1-weighted images and hyperintense on
T2-weighted images, and may be inhomogeneous [35]. In our
case, MR imaging revealed a thin rim of high-intensity signal
on TI-weighted images, and low-intensity signal on
T2-weighted images, and a core of heterogeneous signal on
both T1- and T2-weighted images. Gradient-echo images
ruled out the possibility of blood products, and this was
confirmed at pathology. Heterogeneous signal on T1- and
T2-weighted images in the abscess core might have been
caused by different concentrations in protein content. Intra-
venous administration of gadolinium is followed by contrast-
enhancement of the rim, which usually is regular and thin,
such as in the patient reported herein. The contrast-enhancing
rim may show a greater thickness on the side facing the gray
matter where the inflammatory response is usually more
intense [1]. However, all of these signs at conventional MR
imaging are not specific and can also be encountered in
necrotic tumours, such as high grade gliomas and brain
metastases [1, 2].

At DWI-ADC, the necrotic core of pyogenic abscesses
show high-intensity signal on isotropic DWI and low mean
ADC values, those of high-grade gliomas and brain
metastases generally produce a low-intensity signal on
isotropic DWI and a high mean ADC value [4-8]. How-
ever, restricted diffusion of the core of ring-enhancing
lesions is not pathognomonic of brain abscesses, since
cases of glioblastoma multiforme [10, 11], and brain
metastases [12—-14] with high-intensity signal on isotropic
DWI and low mean ADC have been reported, as well as
cases of brain abscesses with a core of unrestricted diffu-
sion [17, 36]. Notably, the viscosity of the abscess core,
and consequently DWI-ADC findings, is determined by
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various factors including the concentrations of inflamma-
tory cells and bacteria, different aetiological organisms,
host immune response, difference of the necrotic or viable
inflammatory cells, and age of the abscess, as well as the
presence of gas [36]. The patient presented herein was not
immunocompromised. P. stuarti had susceptibility to
meropenem, however this antibiotic had not been admin-
istered before diagnosis. P. stuartii is an aerobic and fac-
ultative anaerobic bacterium, thus gases via anaerobic
fermentation may be ruled out [37]. It is possible that the
heterogeneous signal on isotropic DWI might reflect the
density of the necrotic or viable inflammatory cells within
the abscess, and the early age of the abscess. Furthermore,
the large size of the cavity abscess might have precluded
achievement of a threshold inflammatory cell density
necessary for DWI-ADC changes.

The capsule of mature abscesses consists mainly of
collagen fibers with low capillary density, and thus gen-
erally shows a reduced perfusion with low values of rCBV
at PWI. High-grade gliomas and cerebral metastases are
usually associated with increased neovascularization with
high capillary density, and therefore high rCBV values in
both the capsule and peritumoural areas [16, 17, 41-43].
This has been demonstrated to be useful in the differential
diagnosis of brain abscesses presenting as ring-enhancing
lesions and increased diffusion of the core, such as those
from Toxoplasma gondii [9, 17]. However, also PWI is not
specific and the possibility of a brain abscess presenting
high rCBV has been already reported [19]. In the patient
reported herein, the brain abscess had a thin capsule and a
large central purulent collection. rCBV was high, including
a maximal ratio value of 5.65 in the ring-enhancing rim,
and 0.58 in the perilesional area, thus mimicking a necrotic
tumour. The abscess had not a thick capsule with a small
central purulent collection, i.e. an occurrence which
potentially may have a substantially higher rCBV than a
lesion with a large central cavity [15]. A possible expla-
nation is that in the early capsular stage, brain abscess has
the maximum of capillary density, and thus the high rtCBV
values detected result from the young age of the lesion. In a
ring-enhancing lesions with low mean ADC values of the
core and high rCBYV, the possibility of an infected tumour
should be also considered [44]. However, in the patient
presented herein pathology ruled out neoplastic cells.

IH-MRS may be useful for the differential diagnosis
between brain abscesses and necrotic tumours. Pyogenic
abscesses and necrotic tumours both display lactate and
lipid peaks produced by anaerobic glycolysis and cellular
necrosis. However, in pyogenic brain abscesses, 1H-MRS
shows acetate, and aminoacid peaks, i.e. the products of
bacterial metabolism, as well as the absence of normal
cerebral components such as N-acetyl-aspartate, choline,
and creatine [45]. However, inherent problems of the
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technique and lengthy acquisition times limit the use of
IH-MRS, especially in noncompletely collaborative
patients such as the one reported herein.

In conclusion, the possibility for a brain abscess to show
heterogeneous diffusion of its core and increased rCBV of
its wall, thus mimicking a necrotic tumour, should be taken
in consideration, although rare. Despite the use of DWI-
ADC and PWI, MR imaging does not present an absolute
specificity in the differential diagnosis of ring-enhancing
brain lesions.
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