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KEYWORDS Summary The aim of this paper is to illustrate the potential of magnetic resonance imaging
Cerebral abscesses; (MRI) in diagnosis, differential diagnosis, treatment planning and evaluation of therapy effec-
Pyogenic abscesses; tiveness of pyogenic brain abscesses, through the use of morphological (or conventional) and
Magnetic resonance; functional (or advanced) sequences. Conventional MRI study is useful for the identification of
PWI; lesions, to determine the location and morphology and allows a correct hypothesis of nature
DWI; in the most typical cases. However, the differential diagnosis from other brain lesions, such
MR-spectroscopy as non-pyogenic abscesses or necrotic tumors (high-grade gliomas and metastases) is often

only possible through the use of functional sequences, as the measurement of diffusion with
apparent diffusion coefficient (DWI-ADC), proton magnetic resonance spectroscopy ('H-MRS)
and perfusion weighted imaging (PWI), which complement the morphological sequences and
provide essential information on structural, metabolic and hemodynamic characteristics allow-
ing greater neuroradiological confidence. Modern diagnostic MRI of pyogenic brain abscesses
cannot be separated from knowledge, integration and proper use of the morphological and
functional sequences.
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Introduction

Cerebral abscess is a localized infection of the central ner-
vous system (CNS). It is formed by a central necrotic area
surrounded by an external wall (collagen, granulation tissue,
macrophages, gliosis).

Abscesses account for 1—2% of brain occupying space
lesions in western countries and 8% in developing countries
[1]. They are frequent in adults while in only 15—30% of the
cases, they involve young patients (< 15years) [2—5].

Pyogenic brain abscesses are not common, accounting
for one third of all the cerebral abscesses [6]. They are
caused by cerebral dissemination of bacteria coming from
neighbouring infections (sinusitis, otitis, mastotiitis) or by
hematogenous spread of a remote infection (sepsis); how-
ever, in approximately 40% of cases, the primary site of
infection remains unknown.

Other causes of cerebral bacterial dissemination in CNS
are cranio-facial trauma (with penetration of foreign bodies
or bone fragments), meningitis and neurosurgery (iatrogenic
infections).

Clinical features are different according to the site of the
abscess. Diagnosis is challenging and imaging has a primary
role in differentiating brain abscesses from other lesions

that can have similar clinical spectrum. MR is the imag-
ing modality of choice for diagnosis and follow-up of brain
abscesses.

The aim of this paper is to analyze the role of
combined use of morphological and advanced magnetic
resonance imaging (MRI) techniques (diffusion weighted
imaging —DWI/ADC; perfusion weighted imaging—PWI;
spectroscopy — '"H-MRS) in the diagnosis, differential diagno-
sis, treatment planning and follow-up of pyogenic abscesses.
An extensive review of the literature is also provided.

Etiology and pathogenesis

Bacteria responsible for brain abscesses can be both aerobic
(most frequently Staphylococcus, Streptococcus and Pneu-
mococcus) and anaerobic [7]. It is also important to highlight
that often there are different kinds of bacteria involved in
the formation of an abscess.

The most common localization of a pyogenic abscess in
the brain is the supratentorial region, in the subcortical
white matter, especially, if they come from hematogeneous
spread of a distant infection (Figs. 1 and 4) [8,9].

Abscesses secondary to middle hear otitis are typically
located in the temporal lobe or in the cerebellum (Fig. 2).

Figure 1

A—F: supratentorial pyogenic abscess in the gray-white junction: T1-weighted (A), T2-weighted (B), gadolinium-

enhanced T1-weighted (Gd-MR) (C), DWI (b=1000) (D), ADC (E) and PWI map of CBV (F) MR images. The capsule of the abscess
is hyperintense in T1-weighted image (A), partially hypointense in T2-weighted image (B) with surrounding vasogenic oedema.
Gd-MR image shows a ring-enhancing mass. The central component of the lesion shows high signal intensity in DWI image (D), and
hypointense signal in ADC map, findings that are consistent with restricted diffusion (ADC =0.440 x 10~3 mm?/s). At PWI, the CBV
map (F) does not show evidence of increased perfusion in the gadolinium-enhancing rim (rCBV =0.85).
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Figure 2 A—F: pyogenic abscess in the right cerebellar hemisphere: T2-weighted (A), T1-weighted (B) gadolinium-enhanced T1-
weighted (Gd-MR) (C) magnetic resonance images, DWI (b=1000) (D), ADC map (E) and PWI map of CBV (F). The capsule of the
abscess is hyperintense in T2-weighted image (A), partially hyperintense in T1-weighted image (B) and shows enhancement in Gd-MR
image. The central component of the lesion is hyperintense in T2-weighted image, hypointense in T1-weighted image and shows
high signal intensity in DWI image (D) and hypointense signal in ADC map (E), findings that are consistent with restricted diffusion
(ADC=0.610 x 10~3 mm?2/s). At PWI, the CBV map (F) does not show evidence of increased perfusion in the gadolinium-enhancing

rim of the lesion (rCBV=0.9).

Localization of a pyogenic abscess in the basal ganglia is pos-
sible but rare (Fig. 3) [6]. Furthermore, the abscess is often
an isolated lesion but, in immunocompromised patients, it
is frequent the finding of multiple lesions (Fig. 4).

The early stage of pyogenic infection in the brain is called
cerebritis, a localized and blurred area of brain inflamma-
tion [10,74]. Cerebritis leads to a cerebral abscess in most
of the cases; this evolution consists of four stages:

e early cerebritis (first stage), from the 1st to the 3rd day,
characterized by an inflammatory response with predom-
inance of polymorphonuclear leukocytes;

o late cerebritis (second stage), from the 4th to the 9th day,
in which the immune response is mediated by lymphocytes
and macrophages; central necrosis formation starts with
peripheral neoangiogenesis and presence of fibroblasts;
the neo-formed vessels have no blood-brain barrier;

e early encapsulation (third stage), from the 10th to the
13th day, in which there is formation of surrounding
peripheral wall with central necrosis;

e late capsule stage (forth stage): from the 14th day, char-
acterized by a mature encapsulate brain abscess with a
wide central necrotic area.

The presence of air into the abscess is not frequent and is
associated with Clostridium, Klebsiella, Enterobacter, Pep-
tococcus or Pseudomonas [75,76].

Clinical features and treatment

Pyogenic abscesses have non-specific symptoms. In early
stages, headache and fever are the most common symptoms
but they are not always present. Notably only 30—55% of
patients have body temperature above 38.5°C [11]. Focal
neurological signs are appreciable in 40—60% of patients
depending on the site of the lesion [11]. Complications,
not frequent but serious, are intraventricular rupture of the
abscess that lead to dissemination of the infection and acute
hydrocephalus (Fig. 5), and dural sinus thrombosis.

There are two possible therapeutic choices in case of
pyogenic abscess: medical or surgical.

The use of medical therapy alone can be considered in
cases of an abscess with <2.5cm maximum diameter, local-
ization in not critical areas for the brain function, concomi-
tant meningitis/ependymitis and multiple abscesses [11].

However, the medical treatment alone is often not
enough to eradicate the abscess being necessary the
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Figure 3 A—N: pyogenic abscess involving the right nucleo-capsular region, and follow-up after stereotactic neurosurgery aspi-
ration and continued antibiotic theraphy. At clinical presentation, the abscess shows ring enhancement on gadolinium T1-weighted
image (A), high signal intensity on DWI image of the central component (B) and low values on ADC map (0.434 x 10~3 mm?/s) con-
sistent with restricted diffusion (C). Follow-up, after stereotactic aspiration, shows reduction in the size of the abscess cavity on
gadolinium-enhanced T1-weighted images (D), dishomogeneus pattern hyper- and hypointense on DWI (E) with increased of ADC
values (1.03 x 10-3 mm?/s) (F). One month (G, H, 1) and 3 months (L, M, N) follow-up studies, during antibiotic therapy, show further
decrease in size of the abscess on T1-weighted images (G, L), low signal intensity on DWI (H, M) and high values on ADC map (I, N),
suggesting resolution of the abscess (ADC values at the last follow-up: 1.51 x 1073 mm?/s).
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Figure 4 A—F: multiple pyogenic abscesses in immunocompromised patient located at the gray matter junction: T2-weighted
(A), T1-weighted (B) and gadolinium-enhanced T1-weighted (Gd-MR) (C) magnetic resonance images, DWI (b =1000) (D), ADC map
(E) and "H-MRS (TE =144 ms). The central component of the abscesses shows dishomogeneous hyperintensity signal in T2-weighted
image (A). At Gd-MR image, (C) there are small adjacent satellite lesions by abscesses (arrows) and a thickened capsule on the gray
matter (small arrow). The abscesses show hyperintense signal in DWI (D) low signal in ADC map (E), findings that are consistent with
restricted diffusion. The "H-MRS (F) from the abscess cavity shows resonance representing amino acids (AA), lipids/lactate (Lip/L)

and acetate (Ac).

drainage of the necrotic part or the total excision of the
mass [73].

Magnetic resonance imaging

MRI shows pyogenic abscess as a round/oval-shaped mass
with a central area of suppurative necrosis and a periph-
eral capsule. The central necrotic area is hypointense to
the cerebral white matter on T1-weighted (w) and hyperin-
tense on T2-w images (Fig. 6). However, these features are
not always present, being possible, in some cases, a variable
T2 signal intensity (Fig. 4).

The external capsule appears typically as a complete
hypointense on T2-w and hyperintense on T1-w images rim
(Fig. 6) [8,12,13]. The short T1 and T2 of the rim seem to
be due respectively to the presence of collagen fibres and
to macrophages releasing free radicals with a paramagnetic
effect [13]. Itis also possible that the external capsule shows
a non-typical signal, being hyperintense on T2-w and iso-
hypointense on T1-w images (Fig. 2) [8,12,13]. Conversely,
the surrounding vasogenic oedema appears hypointense on
T1-w and hyperintense on T2-w images (Fig. 6). After intra-
venous injection of contrast mediun (gadolinium), abscess
shows a typical peripheral thin and regular ‘‘ring enhance-
ment’’ that corresponds to the T2 hypointense rim (Fig. 6)

[12]. It is important to note that the peripheral contrast
enhancement can be stronger in the portion of the abscess
closest to the grey matter, because of the stronger inflam-
matory reaction due to the bigger vascularization of the grey
matter [13].

The presence of a satellite abscess (closely associated
with a primary abscess) that gives a polylobate appearance
to the mass is also possible (Fig. 4) [14].

After surgical and/or medical therapy, the degree of
mass effect, surrounding edema, and contrast enhancement
decreases slightly but does not change substantially com-
pared with the pre-treatment studies [15].

Advanced MR techniques

DWI-ADC, "H-MRS and PWI, together with morphological
MRI, can give information about structural, metabolic and
hemodynamic features of abscesses helping in differential
diagnosis.

Diffusion weighted imaging

DWI gives a critical support in the diagnosis of cerebral
abscesses. A pyogenic abscess is typically hyperintense in
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Figure 5

A—F: hydrocephalus following intraventricular rupture of pyogenic abscess: T2-weighted coronal (A) and axial (B),

gadolinium-enhanced T1-weighted axial (C) and coronal (D) magnetic resonance images, DWI (b=1000) (E), ADC map (F). In T2-
weighted images (A, B), the lateral ventricles are dilatated and the dilute intraventricular pus shows hypointese signal (white arrow)
that is less intense in brightness compared with that of the cerebrospinal fluid (CSF) (black arrows). The dilute intraventricular
pus is isointense in T1-weighted image (short white arrow) (C), hyperintense in DWI (short black arrows) (E) and low value of ADC
(0.570 x 10~3 mm?/s) on the map. Gadolinium-enhanced T1-weighted coronal image (D) shows ependymitis following rupture of

abscess.

DWI, with low values on ADC maps (Figs. 1, 2 and 4) because
of the water restriction in the central necrotic area contain-
ing proteins, bacterial and cellular debris [15—19].

ADC values of the necrotic area in pyogenic abscesses are
reported in literature between 0.28 and 0.73 x 103> mm?/s
[8,20]. However, the different concentration of bacteria and
white cells, the different kind of bacteria involved and the
immune response of the host can lead to a wider range of

ADC values in the central necrotic area [21]; indeed, there
are some cases of pyogenic abscesses with high ADC values
in the purulent area [22].

DWI is also useful to improve the diagnosis of an intra-
ventricular rupture of a pyogenic abscess. The purulent
fluid appears hyperintense in DWI with low values on the
ADC maps in comparison with cerebrospinal fluid (Fig. 7)
[23].

Figure 6 A—C: cerebellar pyogenic abscess: T2-weighted (A), T1-weighted (B) and gadolinium-enhanced T1-weighted MR images.
In T2-weighted image, (A) the core of the abscess is hyperintense (asterisk) and the hypointense signal of the capsule (white arrow)
is easly distinguishable from peripheral vasogenic edema that appears hyperintense (black arrow). In T1-weighted image after
administration e.g. of gadolinium (C) image, the abscess shows an enhanced regular and thin capsule.
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Figure 7 A—F: intraventricular rupture of pyogenic abscess: T1-weighted (A), T2-weighted (B) and gadolinium-enhanced T1-
weighted (C) images, PWI map of CBV (D), DWI (b=1,000) (E), ADC map (F) MR images. At PWI, the CBV map (D) does not show
evidence of increased perfusion in the gadolinium-enhancing rim of the lesion. The central core of the abscess shows high signal
intensity in DWI image (E), and hypointense signal in ADC map (F), findings that are consistent with restricted diffusion that extends
into trigone of the lateral ventricle (arrow), sign of intraventricular rupture of the abscess.

Some papers suggest the usefulness of DWI in the follow-
up of a pyogenic abscess during treatment [15,24,25]. The
progressive increase of ADC values could be an earlier index
of medical response to antibiotics earlier than the size
reduction of the lesion and/or the presence of a gap in
the peripheral rim enhancement that are late signs of drug
response. Higher ADC values in the central area are also vis-
ible after neurosurgical aspiration of the central necrotic
area (Fig. 3). On the other hand, constant low ADC values
over time would be due to an ineffective therapy, and the
recurrence of low ADC values suggests recurrence of active
disease.

MR-spectroscopy

MR-spectroscopy ('H-MRS) is a non-invasive analytical tech-
nique that has been used to study metabolic changes
in normal and pathological tissues. Typically, the central
necrotic area of pyogenic abscesses shows peaks correspond-
ing to lipids (0.8—1.2ppm), lactate (1.3 ppm) and amino
acids (0.9 ppm), without peaks corresponding to normal
spectrum of nervous tissue (such as N-acetyl-aspartate and
choline) [26,27].

Moreover, it is possible to find peaks of alanine (1.5 ppm),
acetate (1.9ppm) and succinate (2.4ppm) [26,27]. The

absence of choline is related to the lack of normal cell
membranes, the absence of N-acetyl-aspartate is due to the
fact that there are not functioning neurons into the abscess
(Fig. 4) [26]. Presence of lactate, acetate and succinate is
probably related to bacterial glycolysis and fermentation
[27,28]. Amino acids are produced from the proteolysis due
to enzymes released by neutrophils [20,28—30] and they
are typical in pyogenic abscesses but not always present.
In a case series of 194 patients with pyogenic abscesses, Pal
et al. found the presence of amino acid peak (alone or asso-
ciated with other peaks described above) in 80% of patients
[31].

TH-MRS could be useful in distinguishing between differ-
ent bacteria responsible for the abscess and in choosing an
appropriate therapy [32]. There are three different spectra
to consider:

e type A: presence of lactate, amino acids, alanine,
acetate, succinate and lipids related to the presence of
obligate anaerobes with or without facultative anaerobes;

e type B: presence of lactate, amino acids and occasionally
lipids related to obligate aerobes and facultative anaer-
obes;

o type C: presence of lactate alone, associated with Strep-
tococcus and with treated abscesses.
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After medical therapy, abscesses show a non-specific
peak of lipids and lactate that are also present in cystic
tumors [33,34]. For this reason, it is critical to use spec-
troscopy before the medical treatment [33].

Perfusion weighted imaging

Perfusion weighted imaging (PWI) is an MR technique that
gives information about cerebral hemodynamics. Injection
of gadolinium leads to a reduction of T2 and T2* signal in the
tissue (because of a magnetic susceptibility effect) related
to the vascular density [72].

There are few studies about PWI in pyogenic abscesses
demonstrating low perfusion (in comparison to the normal
white matter) in the abscess capsule (Figs. 1, 2 and 7).
Erdogan et al. [35] described four pyogenic abscesses with
a mean cerebral blood volume (rCBV) in the capsule of
0.76 £0.12. Muccio et al. [36] described five abscesses with
a mean rCBV of 0.72 +0.08. Holmes et al. [37] studied four
abscesses with a mean rCBV of 0.79 +0.18. Chan et al. [38]
found a mean rCBV of 0.45+0.11. Finally, Chiang et al.,
using a 3T scan, found mean values of rCBV of 0.94+0.09
in 20 pyogenic abscesses [51].

In only one paper, Harris at al [39] found rCBV values
higher in the abscess capsule than in the normal white mat-
ter.

It is possible that perfusion values are related to the stage
of the capsule. In early stage, the vascularization is higher
than in the late stage in which the fibroblasts are dominant,
so explaining the difference in rCBV values between authors
[40].

Differential diagnosis

The differential diagnosis between pyogenic abscesses and
other brain lesions with a ‘‘ring-like’’ enhancement, such
as other kind of abscesses and necrotic tumors, is not
always possible with MRI only. The features of the cap-
sule, hypointense on T2-w and hyperintense on T1-w images,
with a regular contrast enhancement are often enough to
distinguish an abscess from a necrotic tumor that show
an irregular central cavity and ill-defined margins with
nodules. However, the T2 hypointensity of the capsule
and the regular contrast enhancement can be present in
non-pyogenic abscesses (Mycobacterium tubercolaris, Toxo-
plasma, Aspergillus), in some cases of necrotic tumors and in
lymphomas [8,12—14,41—45]. The spontaneous peripheral
T1 hyperintensity is typical of pyogenic abscesses but can be
also present in other lesions, such as mass with peripheral
hemorrhagic component or with calcific wall (granulomas,
multiple sclerosis plaques, primary brain tumors, metas-
tases, non-pyogenic abscesses) [45,46].

In atypical cases in which the abscess capsule shows T2
hyperintensity and T1 hypo/isointensity, differential diagno-
sis with other lesions is very difficult by using morphological
MRI, and it can be improved with advanced MRI techniques.

Necrotic brain tumors

Necrotic brain tumors can be high-grade gliomas (HGGs) and
metastases. They usually have a T2 hypointense peripheral

rim but it is often not complete as in the pyogenic abscesses.
After gadolinium injection, HGGs show non-homogeneous
enhancement with some nodular areas of enhancement pro-
truding in the central cavity (Fig. 8). Metastases, on the
other hand, can have a regular rim of enhancement simi-
larly to pyogenic abscesses (Fig. 9). As a rule, necrotic brain
tumors are hypointense, in the central area, in DWI (with
high ADC values) (Figs. 8 and 9). However, DWI hyperinten-
sity and low ADC have been described in necrotic metastases
from lung, breast, colorectal and testicular cancer, and
in bladder transitional cell carcinoma; nevertheless, this
seems to be a very rare finding [44,47—49].

Furthermore, an intratumoral hemorrhage can increase
the DWI signal [50] but the differential diagnosis is easy on
the morphological images in which blood has typical signal
changes over time.

On 'H-MRS, presence of amino acids, acetate and succi-
nate is typical for cerebral abscess [8,33].

Moreover, HGGs and metastases typically show an
increase of neoangiogenesis with higher values of rCBV than
abscesses in the periphery of the mass (Figs. 8 and 9)
[35—39,51,52].

Finally, using susceptibility weighted imaging (SWI) (a
new MR sequence enhancing the paramagnetic propriety
of brain tissue), Toh et al. described a ‘‘double rim’’
hypointensity sign present in most of the abscesses and in
none of the necrotic gliomas [70]; this can be another use-
ful sign in the differential diagnosis between abscesses and
necrotic tumors.

Fungal abscesses

Fungal abscesses are quite rare [54] and they can show, like
pyogenic abscesses, a ‘‘ring-like’’ enhancement and a cen-
tral hyperintense area on DWI with low ADC values [53,55]
(Fig. 10).

Some fungal infections (i.e. aspergillosis) can invade
brain vessels leading to hemorrhagic strokes that are
extremely rare in pyogenic infections [57]. The finding of
hemorrhagic strokes in basal ganglia and/or in thalami in
a patient with a primary aspergillosis (lungs, paranasal
sinuses, etc.) is strongly suggestive of cerebral aspergillosis.

Sometimes the central cavity of fungal abscesses has het-
erogeneous signal on T2-w images because of the presence
of hypointense areas with restricted diffusion and without
contrast enhancement, representing zones of active fungal
proliferations [8].

At "H-MRS, fungal abscesses show peaks of lipids, lactate
and amino acids similarly to pyogenic abscesses.

Tuberculoma and tubercular abscesses

Tuberculoma typically shows a hypointense T2 peripheral
rim and a ‘‘ring-like’’ contrast enhancement after injec-
tion of gadolinium [58]. The centre of the lesion shows
iso/hypointensity in T1-w images and variable T2 signal
related to the presence of caseous or liquefactive necrosis
[58,59].

Three different kind of tuberculomas have been
described according to T2 and ADC features [60]:
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Figure 8 A—F: glioblastomas: T2-weighted (A), T1-weighted (B) and gadolinium-enhanced T1-weighted (Gd-MR) (A) images, DWI
(b=1000) (D), ADC map (E) and map of CBV (F). The images show a lesion with hyperintense in T2 (A) and isointense in T1 (B)
capsule. At Gd-MR image (C), the lesion shows a rim-enhancing mass with irregular margins surrounding vasogenic edema. The
central component of the lesion shows iso-hyperintensity in DWI (D) and high signal intensity in the ADC map (E), findings that are
consistent with increased diffusion. At PWI, the CBV map (F) shows increased perfusion in the Gd-enhancing rim of the lesion.

Figure 9 A—F: metastasis from colon cancer: T2-weigheted (A), T1-weighted (B) and gadolinium-enhanced T1-weighted (Gd-MR)
(A) images, DWI (b=1000) (D), ADC map (E) and map of CBV (F). The images show a lesion with a T2-hyperintense (A) and T1-
isointense (B) capsule. At Gd-MR image (C), the metastatic lesion shows a rim-enhancing mass with regular margins. The central
component of the lesion shows hypointensity at DWI (D) and high signal intensity in the ADC map (E), findings that are consistent
with increased diffusion. At PWI, the CBV map (F) shows increased perfusion in the Gd-enhancing rim of the lesion.
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Figure 10 A—D: multiple fungal abscesses in immunocompromised patient: T2-weighted (A), Gadolinium-enhanced T1-weighted
(Gd-RM) (B) images, DWI (b=1000) (C), ADC map (D). At Gd-MRI image (B), the lesions show rim-enhancing masses. The central
component of the lesions (arrows) shows high signal intensity in DWI image (C), and hypointense signal in ADC map (D), findings that

are consistent with restricted diffusion.

e type I: hypointense core in T2 (caseous necrosis) with high
ADC values (1.24+0.32 x 1073 mm?/s);

o type ll: slightly hyperintense core in T2, with intermediate
ADC values (0.80 +0.08 x 10~ mm?/s);

o type llI: strongly hyperintense core in T2, with lower ADC
values (0.74+0.13 x 10-3 mm?/s), consistent with lique-
factive necrosis.

Furthermore, tubercolumas are often associated with
tubercular meningitis that typically involves basal meninges
[59] (Fig. 11).

Tubercular abscess is rare, more commonly in immuno-
compromised patients [60,61]. It appears similar to pyogenic
abscess at MRI, and can be single or multiple and often mul-
tiloculate with thin and regular borders [8]. The central area
shows low ADC values as in pyogenic abscesses [8,58,60]. 'H-
MRS shows only peaks of lipids without any other peak [8];

this finding seems to be useful in the differential diagnosis
among these two entities.

PWI can demonstrate high values of rCBV in the periph-
ery of the mass, more similar to the values of HGGs than
pyogenic abscesses [62].

Cerebral toxoplasmosis

Cerebral toxoplasmosis is typical of immunocompromised
patients.

MRI demonstrates multiple lesions in different stages of
evolution (Fig. 12), typically located in the subcortical and
periventricular white matter, in the basal ganglia and thal-
ami (rarely in cerebellum) [63—65]. The presence of an
eccentric area of contrast enhancement (‘‘eccentric tar-
get sign’’) is a typical feature of cerebral toxoplasmosis
(Fig. 12 C and F). The *‘concentric target sign’’ is a recently
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Figure 11  A—E: tuberculoma associated with tuberculum meningitis: T2-weighted (A), DWI (b=1000s/mm?) (B), gadolinium-
enhanced T1-weighted coronal (Gd-MR) (C) and axial (D), ADC map (E) magnetic resonance images. The central part of the
tuberculomas (group Il) shows mildly hyperintensity in T2-weighted image (white arrowhead) (A), isointensity in DWI (B) and ADC
map (white arrows) (E) with intermediate ADC value (0.81 x 10-3 mm?2/sec). At Gd-MRI images (C, D), the tuberculomas appears
as rim-enhancing mass with thick margins. It is associated with tuberculous meningitis that typically affects the basal meninges,
and ependymitis of the third ventricle; there are also tuberculous granuloma (black arrow) and other tuberculomas adjacent to the
basal sylvian fissure.

Figure 12 A—F: multiple Toxoplasma gondii abscesses: T2-weighted (A, D), T1-weighted (B, E) and gadolinium-enhanced T1-
weighted resonance magnetic (Gg-MR) (C, F) images. Multiple supratentorial abscesses in various stages of development with
‘*starry sky’’ appearance and enhancing asymmetric nodules (‘‘eccentric target sign’’) (arrows) in Gd-MR images (C, F). Note also
the concentric alternating zones of hypo- and hyperintensities in T2-weighted images: ‘‘concentric target sign’’ (D) (arrowheads).
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Figure 13  A—F: Toxoplasma gondii abscess in immunocompromised patient: T2-weighted (A), T1-weighted (B) and gadolinium-
enhanced T1-weighted magnetic resonance (Gd-MR) (C) images, DWI (b=1000) (D), ADC (E) and map of cerebral blood volume (CBV)
perfusion weighted imaging (PWI) (F). The lesion shows ring enhancement with extensive perilesional vasogenic oedema. The centre
of the lesion shows isointense signal in DWI (D), hyperintense signal in the ADC map (E) reflecting increased diffusion. At PWI, the
CBV map (F) does not show evidence of increased perfusion in the capsule of the abscess.

Figure 14 A—F: neurocystercosis in colloidal-vesicular stage: T2-weighted axial (A) and coronal (B), T1-weighted axial (C),
gadolinium-enhanced T1-weighted axial (Gd-MR) (D) and coronal (E) MR images, DWI (F). At Gd-MR images (D, E) the lesion
shows a rim-enhancing mass and in T2-weighted images the capsule is hypointense (A, B). The MR images show the scolex as a
hypointense eccentric nodule in T2 (black arrows) and enhanced nodule in Gd-MR (white arrows). The central part of the lesion
appears hypointense in DWI (E), finding that is consistent with increased diffusion.
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described MRI sign on T2-weighted imaging which consists of
concentric alternating zones of hypo- and hyperintensities
(Fig. 12D). The ‘‘concentric target sign’’ seems to be more
specific than the ‘‘eccentric target sign’’ in the diagnosis
of cerebral toxoplasmosis especially in the context of AIDS
[56].

DWI can be useful for differential diagnosis [36,58,67],
since the centre of the toxoplasma abscess has a
hypo/isointense signal in DWI with ADC values higher than
in pyogenic abscesses (Fig. 13). On the contrary, PWI and
"H-MRS seem to be not useful in distinguishing toxoplasmo-
sis from a pyogenic abscess: PWI shows in both pyogenic
abscesses and in cerebral toxoplasmosis a reduced perfusion
in the capsule (Fig. 13) with a reported rCBV mean value of
0.8440.07 [66]; "H-MRS has low specificity because of the
wide range of possible peaks [67,68].

Neurocysticercosis

MR features of neurocysticercosis change according to the
stage of cyst evolution. Cysts in the colloidal-vescicular
stage show hypointense core on T1-w and hyperintense on
T2-w images, with a T2 hypointense pseudo-capsule and
peripheral enhancement, with a surrounding oedema as in
case of pyogenic abscesses. The scolex appears as an eccen-
tric hypointense nodule on T2-w images that shows intense
contrast enhancement (Fig. 14). In contrast to pyogenic
abscess, the cyst in case of neurocysticercosis has high ADC
values (Fig. 14) [69].

PWI shows a reduction of rCBV and thus, is not useful
in differential diagnosis with pyogenic infection [77]. It is
important to mention the intraventricular form of neurocys-
ticercosis that has a rapidly progressive course and it is seen
in more than 54% of patient with intracranial cysticercosis
[69,71].

Conclusion

MRI is a useful tool for diagnosis, differential diagno-
sis, treatment planning and follow-up of pyogenic brain
abscesses. Particularly the combined use of morphologi-
cal and advanced techniques together, using the data from
literature, is now critical in the diagnostic approach to
abscess-like masses in the brain.
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