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Abstract

Objective The purpose of the paper is to examine the current state of the art about epidemiology, diagnosis, and treatment of this
infection.

Methods A review of the literature was performed through a PubMed search of original articles, case reports, and reviews using
the key words “brain abscess,” “cerebral abscess,” “brain infection,” “intracranial suppuration,” “otogenic brain abscess,” “otitis
complications,” and “sinusitis complications.”

Results Pediatric brain abscess is a rare but serious infection, often involving patients with specific risk factors and burdened by a
high risk of morbidity and mortality. Brain abscess incidence and mortality decreased over the years, thanks to improved
antibiotic therapy, new neurosurgical techniques, and the wide spread of vaccinations. There are no guidelines for the adequate
diagnostic-therapeutic pathway in the management of brain abscesses; therefore, conflicting data emerge from the literature. In
the future, multicentric prospective studies should be performed in order to obtain stronger evidences about brain abscesses
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management. Over the next few years, changes in epidemiology could be observed because of risk factors changes.

Keywords Brain abscess - Intracranial infection - Children - Central nervous system infections

Introduction

Brain abscess (BA) is a focal central nervous system infection
involving the cerebral parenchyma. This condition is infrequent
in the adult population and even rarer in pediatric patients [65], but
the risk is higher in some patient groups. Over the last decades, BA
incidence decreased in some countries thanks to a reduction in
predisposing factors, such as untreated otorhinolaryngological in-
fections and uncorrected congenital heart defects; at the same time,
other BA-associated conditions like immunosuppression (mainly
due to untreated human immunodeficiency virus (HIV) infection
and transplants) have gained greater importance [67].

Despite the advances in the diagnosis and treatment, BA
remains a disease with significant morbidity and mortality,
both in adults and children [65].
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In this paper, we review and discuss the epidemiology,
pathogenesis, diagnosis, and treatment of BA in the pediatric
population.

Epidemiology and risk factors

Thanks to the health care quality improvement, in twentieth
century, BA has become a rare disease with an overall inci-
dence of 0.3—1.8 per 100,000 inhabitants per year [19, 28, 37,
48, 50, 51].

The incidence of BAs in children and adolescents is diffi-
cult to determine. Few studies have specifically explored the
incidence of BAs in the pediatric population: Most of them are
small case series or monocentric retrospective studies, almost
exclusively focused on the situation in industrialized
countries.

Overall, about 25% of BAs occur in children [64]. Recent
studies show a considerable variability about which pediatric
age is most frequently affected; this may be explained by the
fact that some of them consider both adults and children, other
report either the median age or an age interval; therefore, a
comparison is difficult. Based on these reports, BA seems to
occur most often between 4 and 10 years of age [19, 39, 56].

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00381-019-04182-4&domain=pdf
mailto:chiara.mameli@unimi.it

1118

Childs Nerv Syst (2019) 35:1117-1128

In Europe pediatric BA, prevalence ranges from 1.2% of
cases in the under 7 years of age group of an Irish monocentric
study [60], to a British monocentric study reporting 32% of
cases in the 0-19 group [13]. The significant difference be-
tween these studies is probably explained by the two different
age groups considered and the different inclusion criteria, with
the first study considering only patients who underwent a
surgical drainage, so pediatric BA—treated more
conservatively—may be underestimated.

During the neonatal age, BAs are even rarer, but they are
associated with a high risk of severe complications and mor-
tality [14-38].

An unexplained male predilection was reported in the pe-
diatric population [11, 64].

In developing countries, as expected, the incidence of BAs
is higher. In fact, in these countries, different types of patho-
gens are encountered, and the transmission of pathogens is
increased due to deficient infrastructure; malnutrition leads
to amplified severity of common infections, and there is a lack
of resources to treat this condition. BAs are reported to ac-
count for 8% of all intracranial mass lesions, and up to 50%
occurred in population aged 0-20 years [22, 43, 48]. The
smallest incidence was reported in the South-East Asian coun-
try Taiwan where only 5.4% of patients with BA were
children.

Pediatric studies published in the last decade show that
BAs are often associated with predisposing conditions in
56-86% of cases [8, 19, 39, 52, 56, 64].

Risk factors can be divided in acute events and chronic
conditions. The first are mostly ear, sinus, and dental infec-
tions (frequently related to poor dental hygiene or dental pro-
cedures), neurosurgical procedures, and head trauma. An in-
frequent but typical cause of trauma in children are injuries
with sharp toys or pencils [5]. Among chronic conditions,
there is often the presence of a pulmonary circulation shunt,
which could allow septic microemboli from distant foci of
infection (endocarditis, osteomyelitis, pulmonary, and skin in-
fections) to reach the brain without being stopped by pulmo-
nary phagocytic filter; this may happen in carriers of congen-
ital heart defects (CHD) [68] and pulmonary arteriovenous
fistulas as in hereditary haemorrhagic telangiectasia [23].

Goodkin et al., describing twentieth century BA trends at
Children’s Hospital Boston, found that congenital heart dis-
ease, otitis, and sinusitis decreased as a cause of intracranial
infection [26]. Other more recent studies show the same trend
in developed countries, thanks to early CHD correction and
appropriate antimicrobial therapy [64]; they remain a signifi-
cant problem in the developing world [68].

Another important predisposing condition are immunosup-
pressive states, which can be rare like X-linked agammaglob-
ulinemia [31] or of increasing incidence like those associated
with a solid-organ or hematopoietic stem-cell transplantation
[6] and with HIV infection [25, 67].
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BA can also be a rare complication of meningitis, particu-
larly in neonates [59]. Other risk factors are described, in
particular, the presence of foreign bodies in the airways [17],
congenital dermal sinuses [47], and esophageal procedures
[41]. Infancy (age < 6 months) and male sex are also predis-
posing factors [19, 26, 52, 56].

The presence of single nucleotide polymorphisms of
ICAM-1 and MCP-1 genes has also been described as a risk
factor for developing cerebral abscesses [44].

Finally, BA as a complication of acute bacterial sinusitis
can be associated to a low socio-economic status even in de-
veloped countries [63].

Pneumococcal vaccination is changing BA etiology, with
initial reports of a reduced incidence of S. pneumoniae [56].

Etiopathogenesis

A brain infection develops into a capsulated pus collection
inside the cerebral parenchyma within 14 days, evolving from
early cerebritis to late capsular stage [7].

In 40-50% of cases, pathogens reach the brain via a con-
tiguous site, such as during middle ear, mastoid and paranasal
sinus infections, or through a skull discontinuity due to head
trauma or neurosurgery. In 30-40% of cases, they spread
through blood flow from a distant focus of infection (e.g.,
dental abscess, endocarditis, lung, or cutaneous infections).
The remaining cases are of unknown origin [67].

The location of the abscess depends on the origin of the
primary infection. The most frequent site is the frontal lobe
(secondary to frontal or ethmoidal sinusitis or dental infec-
tion), followed by parietal and temporal lobes (acute otitis
media, mastoiditis, sphenoidal sinusitis) and less frequent sites
such as cerebellum and brainstem, from otogenic or hematog-
enous origin [8, 56, 64].

Multiple abscesses occur in 19-33% of total BAs [15, 52,
56], often related to hematogenous spread, and they follow the
distribution of the middle cerebral artery.

Bacteria are by far the most common pathogens in immu-
nocompetent patients. A meta-analysis that included 6663
adult and 1023 pediatric BAs—reported between 1935 and
2012—in which pus or blood cultures were performed
showed that children shared similar etiology with adults, with
pediatric cultures positive for Streptococcus spp. in 36% of
cases, followed by Staphylococcus spp. (18%) and gram-
negative enteric bacteria (Proteus spp., Klebsiella
pneumoniae, Escherichia coli, and Enterobacteriae) in 16%
of cases [10]. Streptococcus spp. is commonly associated with
sinusitis, otitis media, and endocarditis (the latter with the
S. viridans group); a recent case series suggests a possible rise
in the incidence of BA due to group A streptococcus [12].

Staphylococcus spp. (mainly aureus and epidermidis) in-
fections are related to head trauma, surgery, or skin infections.
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Neonatal BA can arise from Citrobacter or Proteus men-
ingitis, less frequently from Escherichia coli and Serratia
marcescens [26, 59].

Pneumococcal vaccination may contribute in future years
to a variation in BA incidence and etiology, as it is beginning
to be reported in some countries [52, 56].

Finally, unusual pathogens like fungi, parasites, and
mycobacteria accounted for less than 2% of total cases, but
this percentage was probably underestimated because many of
the analyzed studies considered only bacterial BA [10]. BAs
from opportunistic microorganisms are usually multiple. They
can occur in HIV-positive children with a low CD4 count; the
most common pathogens are 7oxoplasma (although cerebral
toxoplasmosis is less frequent than in adults), Nocardia and
Mycobacterium spp [25]. Fungal abscesses (mainly
Aspergillus or Candida) typically affect solid organ trans-
plants recipients or children treated for leukemia [36].

Clinical features

Clinical features depend on BA number, site, size, the involve-
ment of the surrounding area, and the microorganisms respon-
sible for the infection [34, 56]. The median duration from the
onset of symptoms to the diagnosis is 7-11 days [39, 56], but
the presentation can vary from indolent to very rapid.

Patients are commonly symptomatic; signs and symptoms
can be divided in general and neurological. Fever is frequent,
often associated with neurological symptoms in isolation or
combination, such as new onset headache (typically associat-
ed with vomiting), seizures, hemiplegia, cranial nerve palsies
and altered level of consciousness ranging from drowsiness to
coma [15, 52, 64]. Neonates can have a bulging fontanel and/
or an increase of the cranial circumference [39, 56].

The clinical triad historically associated with BA (fever,
headache, neurological deficits) is only present in a small per-
centage of cases in more recent retrospective studies [19, 52,
64]. Frontal abscesses can be symptomatic only when they
reach large dimensions [65].

Diagnosis

Blood tests (in particular leukocyte count, C-reactive protein,
erythrocyte sedimentation rate, and blood cultures) are the
first and easiest examinations to perform urgently, to evaluate
the possible presence of altered inflammatory markers second-
ary to the infection and find any hematogenous dissemination
of the microorganism.

Moreover, in the presence of signs and symptoms of neu-
rologic involvement, a lumbar puncture is useful to evaluate
chemical-physical alterations of the cerebrospinal fluid (CSF)
and to perform a CSF culture to find a specific etiology, even

if the risk of finding negative samples is high [15, 26, 28, 39,
56, 62]. However, it is important to underline that a lumbar
puncture should not be routinely performed and is contraindi-
cated in the case of non-communicating obstructive hydro-
cephalus and brain shift, which can be consequences of the
mass effect of the BA [16]. Therefore, computed tomography
(CT) is often the first imaging performed urgently, followed
by a magnetic resonance (MR) to confirm the diagnosis and
deepen the characterization of the abscess [19, 62].

The etiological diagnosis can be obtained with the culture
of the pus extracted from the abscess; the sample can be ob-
tained thorough stereotactic biopsy or aspiration rather than a
craniotomy with excision [3, 11, 15, 24, 26, 46, 52, 64], even
though in some cases neurosurgery is not indicated and ther-
apy should be undertaken and continued empirically, with
monitoring of clinical and radiological improvement [11, 29,
52, 62].

Blood and CSF samples

Despite the presence of the infection, the probability of find-
ing normal inflammatory markers could be high. Indeed,
Udayakumaran et al. [68] report only a 20% of pediatric car-
diogenic BAs with altered blood tests (leukocyte count, CRP,
ESR). Regarding the evaluation of white blood cells, normal
values are reported in about one fourth of cases by Atiq et al.
[3], in about two-thirds of cases by Shachor-Meyouhas et al.
[64] and in half of adult patients by Helweg-Larsen et al. [28].
In the presence of altered white blood cell count, leukocytosis
is more frequently found than leukopenia [9, 10]. A normal
value of CRP is described in about one third of cases presented
by Raffaldi et al. [56] and Helweg-Larsen et al. [28] and in
17% of patients with intracranial suppurations (BA and sub-
dural empyemas) presented by Cole et al. [15], with most of
these cases concerning single or even multiple BAs.

Even in cases when a lumbar puncture can be performed,
results obtained with the chemical-physical examination
(white blood cell count, glucose, and protein content) can
show a great variability [24, 39, 56]. However, considering
the mean and median values reported in some studies, it is
possible to underline the more frequent presence of leukocy-
tosis, hyperproteinorrachia, and normal or reduced glucose
values [24, 28, 39, 56]. Normal CSF analyses are described
in 30% of cases by Shachor-Meyouhas et al. [64] and in 16%
of patients in the systematic review by Brouwer et al. [10].

Cultural samples

Because of the wide range of micro-organisms that can be
involved in the infection, cultures (for aerobic and anaerobic
bacteria, Mycobacterium, fungi, protozoa), Gram and special
stains (for fungi, Mycobacterium, Nocardia) and polymerase
chain reaction should be performed on blood, CSF and pus of
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the cerebral abscess (stereotactic biopsy or aspiration and
specimens from craniotomy) [1, 3, 4, 9, 11, 15, 24, 26, 28,
39, 52, 62, 64].

With regard to the isolation of micro-organisms from blood
and CSF samples, the available data are contrasting. Raffaldi
et al. [56] report a rate of positive blood cultures of 22.7%; a
slightly higher rate is described by Lee et al. [39], with blood
culture positivity in 28.6% of cases. On the contrary, lower
rates are reported by Canpolat etal. [11], with a 100% of'blood
culture negativity in patients who did not undergo surgery,
Auvichayapat et al. [4], with only 2.8% of blood growth,
and Cole et al. [15], with 16% of positive blood cultures.

Positive CSF culture rates vary in the literature, with a
2.8% rate of micro-organisms growth described by
Auvichayapat et al. [4], a 24% and 33.3% shown in the studies
by Raffaldi et al. and Lee et al. [39, 56], respectively, reaching
a value of 44% in the report by Cole et al. [15].

The rate of micro-organism isolation from abscess samples
is about 60—80%, with polymicrobial involvement in about
20-30% of cases [8, 11, 15, 19, 26, 28, 60]. However, some
studies in literature [39, 52] report abscess culture positivity in
less than half of cases.

Imaging

Frequently, the first type of imaging performed is a computed
tomography (CT) [19, 39, 56, 64], as this is available as urgent
and it is able to clarify the characteristics of the suspected
lesion; according to what is reported by the ESCMID guide-
lines in 2016 [69], it is often performed before lumbar punc-
ture in the case of a patient presenting with Glasgow Coma
Scale < 10, focal neurological deficits, new-onset seizures,
and severe immunocompromised state.

In the study by Felsenstein et al. [19], magnetic resonance
(MR) is suggested as the gold standard imaging for the diagno-
sis, as in all the patients whose first imaging was MR, the BA
was detected; they also recommend its use in the follow-up.

The superiority of MR compared to CT is due to its better
resolution, the lower toxicity of the contrast used, and the
ability to identify lesions at risk of complications precociously
[67]. Moreover, with the use of spectroscopy and diffusion-
weighted (DW) techniques, MR has high values of sensitivity
and specificity in the differential diagnosis with cystic or neo-
plastic lesions [45, 53, 58].

The typical radiologic aspect of a pyogenic BA is a
necrotic center with low signal at the DW-MR and a
T2-hypointensity with enhancement for the peripheral
capsule (Fig. 1); fungal abscesses show a hypointense
center in T2-weighed images (Fig. 2) and have a vari-
able expression in DW-MR; tubercular abscesses show
hypointensity in T2-weighed images and a capsule en-
hancement, that is absent for the center [61].
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Finally, a recent study by Liu et al. [40], performed
on rat brains, has showed that a new MR technique,
based on bacterial chemical exchange saturation transfer
(bacCEST), is useful in detecting BAs (caused by
Staphylococcus aureus) and monitoring the infection
during the follow-up.

Further investigations

An otolaryngology evaluation with paranasal sinus and mid-
dle ear imaging should be taken into consideration [29, 35],
because otogenic and sinogenic infections are one of the most
frequent primary foci in patients with a diagnosis of BA [3, 19,
26, 52, 56, 62] and, in some cases, symptoms of sinusitis may
be poor or misdiagnosed [61].

Similarly, a cardiologic evaluation with an echocardiogram
should be performed because of the high risk of association
with CHD or cardiac infections [3, 19, 26, 52, 56, 62].

Odontogenic origin of the infection is not particularly fre-
quent [24, 26, 56, 62]; however, a dental origin should be
suspected and a dental evaluation should be performed in case
no other focus is found, oral flora is isolated from the abscess,
an oral infection is found, or an oral intervention has been
performed [42].

Finally, the use of ultrasound, X-ray, or CT scan could be
useful to find other possible sources of infection, such as pul-
monary arteriovenous malformations [66], lung infections or
malformations, bone, abdominal, or skin infections [20].

Figure 3 shows a hypothesis of diagnostic and therapeutic
flow chart in case a BA is suspected.

Treatment

There is a lack of international guidelines about the proper
management of BAs; therefore, in a consensus document in
2010, Arlotti et al. [2] provided recommendations about in-
fection treatment that can be either only medical or both med-
ical and surgical.

According to these recommendations, medical treatment
alone may be considered in patients without severe neurolog-
ical impairment at admission (GCS > 12), with a small abscess
(<2.5 cm) or with multiple abscesses, with a diagnosed etiol-
ogy and in case of contraindications to surgery; moreover,
antibiotics represent an adjuvant therapy after surgery for
large BAs or BAs causing mass effect [2].

Case series of pediatric patients (Table 1) show how the
percentage of parenchymal BAs not treated with neurosurgi-
cal intervention varies, ranging from 0% [3, 24, 64] to more
than two-thirds of cases, as described for instance by Jain et al.
in a cohort of patients with otogenic BAs (neurosurgery per-
formed in 36.1% of cases, but modified radical mastoidecto-
my in all the patients) [48]. Not all the studies show the
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Fig. 1 Brain abscesses from beta-hemolytic streptococcus infection. MR
imaging study in a 13-day-old baby affected by multiple small brain
abscesses from beta-hemolytic streptococcus infection. a Axial T2 and
b coronal contrast enhanced T1-weigthed sections showing multiple
round shape lesions in basal ganglia region bilaterally, characterized by

specific indications for the choice of a conservative strategy,
but, when reported, they usually meet the criteria recommend-
ed by Arlotti et al. [67]. Additionally, Raffaldi et al. [10]

iso-hyperintense T2-weighted signal (arrows) and contrast enhancing reg-
ular rim with uniform hypointense core on T1-weighted image (arrows); ¢
the apparent diffusion coefficient (ADC) axial map demonstrates
uniformely reduced value within the core of the lesions, compatible with
pus accumulation (arrows)

describe the frontal lobe as the most frequently involved site
in patients treated conservatively. Moreover, a lower tendency
to a conservative approach is reported before 1980 [24].

Fig. 2 Brain abscesses from aspergillus fumigatus infection. MR
imaging study in a 13-year-old girl affected by multiple fully developed
brain abscesses from aspergillus fumigatus infection. The heterogeneous
content of the abscesses is the main feature helping in differentiating from
bacterial-pyogenic abscesses. a Axial T2 and b T1-weigthed sections
showing multiple brain focal lesions, the larger one (arrows)
characterized by regular iso-hypontense T2-weighted rim and
containing amorphous material in an eccentric nodule; ¢ the
corresponding apparent diffusion coefficient (ADC) map demonstrating

reduced value (solid nature) in the eccentric nodule with adjacent crescent
shape area of ADC increase (fluid nature), suggesting the nature
(probable fungine) of the nodule; in d the contrast enhanced T1-
weighted axial scan shows remarkable signal increase within the
abscess rim, but not in the eccentric amorphous nodule that appears to
be attached to the abscess wall. The presence of an eccentric solid nodule
of low ADC value and amorphous material may help in differentiating a
fungine from a bacterial-pyogenic abscess
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Suspected brain abscess

(fever, headache, vomit, seizures, neurological
impairment, bulging fontanelle, increased
cranial circumference)

Blood examination
(Complete blood count, CRP, ESR, culture)
CSF examination (if not contraindicated)

(Chemical-physical examination, culture)

A 4

Imaging:
- MR (with diffusion-weighted and spectroscopy

techniques) if readily available.

- CT scan in urgency (exclude intracranial hypertension,

MR not available).

- Odontoiatric evaluation.
- Skin inspection.

Further investigations (depending on the suspected primary focus)

- Otolaryngology evaluation with paranasal sinus and middle ear imaging.
- Cardiological evaluation, echocardiogram.

- Abdominal US, chest or bone X-Ray or CT scan.

Conservative treatment

- No severe neurological impairment
at admission (GCS > 12).
- Small abscess (< 2.5 cm).

Neurosurgical treatment (with
culture of the abscess pus)

/\

- Multiple abscesses.
- Detected pathogen.
- Contraindications for surgery.

Close clinical, biochemical and

Aspiration

- Diameter > 2.5 cm.

- Deep or multiple lesions.

- Eloquent areas involved.

v - High risk of complications.

Excision

- Posterior cranial fossa
location.

- Post-traumatic lesions.

- Multilobulated abscess.

radiological monitoring and, if no

improvement within 1-2 weeks,
consider neurosurgery

according to cultures results.

Antibiotic therapy

- Broad-spectrum, bactericidal and non-bacteriolytic agents, able to pass the
hematoencephalic barrier, safe to be administered at high dosages.
- Chosen empirically according to predisposing factors and changed

- Duration: 4-6 weeks for abscesses treated surgically; 6-8 weeks for
complicated or treated only medically abscesses.

Fig. 3 Flow-chart for the management of suspected brain abscess. CRP C-reactive protein, CSF cerebrospinal fluid, CT computed tomography, ESR
erythrocyte sedimentation rate, GCS Glasgow Coma Scale, MR magnetic resonance, US ultrasound,

Antibiotic therapy should be started empirically and
then adjusted according to the results of the cultures
[42]. The choice of empiric therapy should rely on the
predisposing conditions and consequently on the micro-
organism thought to be involved, should be directed

@ Springer

towards bactericidal and nonbacteriolytic agents, using
molecules that can pass the blood-brain barrier (lipophil-
ic, with low molecular mass and low plasma protein
binding) and sufficiently safe to be administered at high
dosages even for a long time [49, 66, 67].
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In pediatric patients, the most common combination of
intravenous antibiotics is a third-generation cephalosporin to-
gether with metronidazole and in some cases vancomycin [5,
9-11, 19, 20, 24, 37, 44, 4648, 50]. Some studies [9, 37, 50]
also report the possible use of meropenem alone or in combi-
nation with other drugs and other studies [9, 12, 50] describe a
wider use of chloramphenicol in the past. Moreover,
Krzysztofiak et al. [68] show the effective use of linezolid in
pediatric patients, with the evidence of clinical and radiolog-
ical improvement. Finally, a recent review of fungal brain
infections [70] reports that amphotericin B, voriconazole,
and fluconazole are the most frequently antimycotic agents
recommended.

Antimicrobial agents should be started intravenously and
then can be switched to oral therapy, depending on clinical,
biochemical, and radiological improvement [10]. Arlotti et al.
[66] consider as adequate an overall treatment of 4-6 weeks
for patients that have undergone surgical treatment and a par-
enteral therapy of 6—8 weeks for patients treated with just
medical therapy or with complicated BAs. Felsenstein et al.
[5] describe longer courses of antimicrobial therapy in chil-
dren with immunodeficiency. Furthermore, it is worth noting
that in the study by Raffaldi et al. [10], no significant differ-
ence was shown in duration of therapy between only-
medically and surgically treated abscesses and, moreover,
Cole et al. [37] describe a longer course of antibiotic treatment
in patients that have undergone surgery.

There is indication for a short course of corticosteroids in
the presence of edema, and their use is contraindicated in the
absence of intracranial hypertension, because of the risk of
delayed capsule formation, necrosis, and lower efficacy of
antibiotics [49, 70].

In the absence of clinical and radiological improvement
within 1-2 weeks, a neurosurgical intervention should be con-
sidered [66]. Depending on the characteristics, location, and
number of the abscesses, there is the possibility to perform a
stereotactic or endoscopic aspiration of the abscess rather than
an open surgery (craniotomy with excision) [57]. Aspiration is
frequently considered the gold standard neurosurgical treat-
ment [21] and in a review by Ratnaike et al. [57], aspiration
has been associated with a lower overall mortality rate when
compared to excision.

Stereotactic aspiration is indicated in the case of abscesses
>2.5 cm, deep or multiple lesions, eloquent areas involve-
ment, and high risk of complications; excision can be indicat-
ed in the case of posterior cranial fossa location, post-
traumatic lesions, multilobulated or superficial abscesses,
and in the case of aspiration failure [2, 32, 54, 66].

In the case series of pediatric patients reported in Table 1,
more than three-quarters of patients were treated with a neu-
rosurgical intervention, with less-invasive techniques pre-
ferred over craniotomy, and similar data can be found in stud-
ies also involving adult patients over the years [4, 6, 7, 12, 13,

38, 70]. Lower percentages of neurosurgical treatments (aspi-
ration or craniotomy) are described in the study by Jain et al.
[29] in patients with intracranial complications of otitis media
and in which, anyway, most patients underwent
mastoidectomy.

Prognosis

Over the years, the mortality rate of BAs progressively de-
creased and data reported in the literature describe a current
rate lower than 10% [1, 8, 10, 15, 19, 29, 30, 51, 52, 56, 62,
64, 69].

Higher percentages (11-25%) are reported by Gelabert-
Gonzélez et al. (10.7%), Auvyachapat et al. (10.7%), Atiq
et al. (16%), and Goodkin et al. (24%) [3, 4, 24, 26].

The most frequent factors involved in higher rate of mor-
tality are delayed presentation and diagnosis, severe neurolog-
ical impairment, and development of complications [3, 4].

In the cases described so far, involving studies with both low
and high mortality rates, death occurred more frequently in
patients with lower Glasgow Coma Scale score, intraventricular
rupture of the abscess [3, 19, 28, 55, 62] and severe underlining
conditions, such as CHD, congenital or acquired immunosup-
pression, organ transplantation, tumors in treatment with che-
motherapy, neonates born premature or with malformations [4,
8, 11, 19, 26, 64]. The only patient who died for a parenchymal
abscess in the study by Cole et al. [15] had a primary immuno-
deficiency, and in the report by Acar et al. [1], of the two
patients who died (6.4%), one had a concomitant tubercular
infection in HIV and the other was immunosuppressed because
of a liver transplantation. Moreover, the study by Felsenstein
et al. [19] reports a younger age at presentation and a more
immediate treatment (interpreted as a sign of severe clinical
condition) as associated with poor outcome. On the contrary,
Lee et al. [39] do not report association between outcome and
factors such as neurological symptoms and level of conscious-
ness at admission, presence of CHD, altered blood examina-
tion, and type of treatment.

A full recovery rate from the infection of about 60—-70% is
reported in the case of early diagnosis and proper therapy [10,
15, 19, 39, 56, 62, 64, 68]. However, a percentage of less than
50% of cases is described in other case series. These data may
be explained by delayed intervention, the presence of higher
number of patients with neurological impairment at admission,
and severe predisposing conditions or the patient’s choice to be
followed in a specialized center [1, 3, 8, 11, 26, 30].

Regarding otogenic BAs, a systematic review by Duarte
et al. [18] describes meningitis, cerebral herniation, and death
as the most common acute complications. Clinical sequelae
can be found in about 30% of patients and are mainly epilepsy,
motor, visual and hearing deficits, hydrocephalus, and lan-
guage impairment [1, 15, 26, 39, 56, 60, 62].
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