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ABSTRACT
Brain abscesses (BAs) are focal infections of the central nervous system (CNS) that start as a localised 
area of weakening of the brain parenchyma (cerebritis) and develops into a collection of pus surrounded 
by a capsule. Pyogenic (bacterial) BAs represent the majority of all BAs; in some cases, the diagnostic 
and therapeutic management can be challenging. Imaging has a primary role in differentiating BAs 
from other lesions. Conventional magnetic resonance imaging (cMRI) is essential for the identi�cation 
of the lesion, its localisation and its morphological features. However, cMRI does not allow to reliably 
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INTRODUCTION

Brain abscesses (BA) are focal infections of the 
central nervous system (CNS). They account for 
1�2% of brain occupying space lesions in western 
countries and 8% in developing countries.1 Main 
predisposing conditions are contiguous spread of 
pathogens (50% of the cases) following otitis or 
mastoiditis, sinusitis, meningitis, neurosurgery or 
traumatic brain injury or through haematogenous 
dissemination. However, the primary site of infec-
tion remains unknown in 40% of cases.2 According 
to the site of the BA, symptoms may be different; 
these include in decreasing order: headache, fever, 
focal neurologic de�cit, seizures and mental status 
changes. Consequently, the diagnostic and thera-
peutic management can be challenging. Imaging 
has a primary role in differentiating BA from 
other lesions using MR as the technique of choice 

for diagnosis and follow-up. The aim of this 
pictorial review is to provide a practical approach, 
showing the added value of advanced MRI 
techniques, such as diffusion-weighted imaging 
(DWI), perfusion-weighted imaging (PWI) and 
proton MR spectroscopy (1H-MRS), in their 
diagnostic management. 

Aetiology and Pathogenesis
Bacteria are responsible for more than 95% 

of  BA in immunocompetent patients. The brain 
is particularly vulnerable to bacterial infections 
once the blood�brain barrier has been crossed. 
The bacterial species depend on the primary site 
of  infection and are summarised in Table 1. The 
most frequent occurrence of  a pyogenic BA is 
the supratentorial region, in the subcortical 
white matter. BA secondary to middle ear otitis 
are usually located in the temporal lobe or in the 

differentiate BAs from other intracranial mass lesions such as necrotic tumours. Advanced 
sequences, such as diffu-sion-weighted imaging (DWI), perfusion-weighted imaging (PWI) and 
proton MR spectroscopy (1H-MRS) are very useful in the differential diagnosis from other brain 
lesions, such as non-pyogenic abscesses or necrotic tumours, and provide essential information on 
structural, vascular and meta-bolic characteristics allowing greater neuroradiological con�dence. 
The aim of this pictorial review is to provide a practical approach showing the added value of more 
advanced MRI techniques in their diagnostic management.

Keywords: brain abscess, magnetic resonance imaging (MRI), diffusion weighted imaging (DWI), 
magnetic resonance spectroscopy (MRS)

TABLE 1. Bacterial Aetiologies Related to the Primary Site of Infection

Way of Infection Particular Categories of 
Patient

Neurosurgical 
Procedures ENT Surgery Haematogenus 

Dissemination Dental Infection Immunocompromised 
Patients

S. aureus, S. 
epidermidis,
Clostridium, 
Actinomyces

Streptococcus 
species;
Staphylococcus 
species.

S. aureus, 
Streptococcus 
species, Bacteria 
from HACE K group 
(Haemophilus, 
Aggregatibacter, 
Cardiobacterium, 
Eikenella, Kingella)

Polymicrobial, 
(o�en with 
anaerobic bacteria 
like Bacteroides, 
Fusobacterium, 
Actinomyces);

Frequent:
Mycobacterium tuberculosis 
or Mycobacterium avium 
complex
Infrequent:
Nocardia species; L. 
monocytogenes, Rhodococcus 
equi;
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hypointense on FLAIR/T2-wi and hyperintense 
on T1-wi. The presence of collagen �bres and 
macrophages releasing free radicals are consid-
ered responsible for the short T1 and T2 of the 
rim due to their paramagnetic effect (Figure 2).7 
The external low-signal rims on T2-wi could be 
useful to distinguish abscess from glioblastomas: 
in this case the rims, irregular or incomplete in 
the majority of cases, result from the store of 
haemorrhagic products surrounding the outer 
layer of the necrotic core.8

On FLAIR/T2-wi, the abscess is usually 
surrounded by vasogenic oedema. Moreover, 
FLAIR images can be useful to help improve the 
diagnosis of a subarachnoid rupture of the BA 
with subsequent meningitis (Figure 3). Satellite 
abscesses that give a polylobate appearance to the 
BA can occur (Figure 4).

After intravenous injection of gadolinium (Gd), 
a variable degree of contrast-enhancement of the 
capsule can be detected (Figure 5), depending on 
the evolutional stage of the abscess.7 A well-de�ned 
ring-enhancement can be detected only in the late 
evolutive stage of the BA. Due to the higher vascu-
larity, the peripheral enhancement of BAs is thicker 
along the outer margin compared to the inner mar-
gin (Figure 6).9

On susceptibility-weighted imaging (SWI) pyo-
genic BAs show a typical hyperintense inner layer 

FIG 2.  Nocardia Abscess in a 64-Year-Old 
Immunocompromised Man Presenting with 
Headache. A round lesion with thick capsule 
hyperintense on T1w (a) and hypointense on 
T2w/FLAIR-T2w (b–c) is shown. The lesion 
is characterised by a core of restricted diffusion 
(d–e). Typical ring-enhancement is present after 
intra-venous Gd administration; the coronal scan 
also reveals the presence of multiple lesions 
(f). A discreet amount of perilesional vasogenic 
oedema is present too (a–e). 

FIG 3.  A 45-Year-Old Man with Pyogenic 
Abscess Surfacing the Left Parietal Lobe 
Cortex. A roundish mass with a core of 
necrotic-cystic degeneration (a–b) showing 
restricted diffusion on ADC maps (c) and 
diffuse surrounding vasogenic oedema (a–c) 
with irregular rim-enhancement (d) is shown. 
FLAIR-T2w (b) high signal within the 
subarachnoid spaces reveals rupture of abscess 
into the subarachnoid space (black arrows in b). 
Meningeal involvement is also appreciable after 
i.v. administration of Gd (white arrows in d).






















