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Abstract Brain abscess outcomes have improved in recent years due to advancements in cranial
imaging, microbiological techniques, minimally invasive neurosurgical procedures,
and effective antibiotic treatments. However, the incidence of brain abscess remains
unchanged in developing countries. We searched PubMed and Google Scholar for refer-
ences using the key words “brain abscess” and “India” and reviewed both retrospective
and prospective studies published in peer-reviewed journals in the current decade to
understand the present status. The review shows that the patients’ ages, the predom-
inance of male patients, the symptoms and locations of brain abscesses, and the types
of bacteria associated with them have remained unchanged over the past decade. The

Keywords most common predisposing condition in recent years has been chronic suppurative
= brain abscess otitis media with a mortality rate of 7 to 10%. Middle ear infection is often neglected
= chronic suppurative and not treated aggressively in Asian countries. It requires multidisciplinary treatment
otitis media (CSOM) strategies to address the primary source of infection and better health awareness to

= prevention prevent the development of brain abscess.
Introduction journals in this decade to understand the current status.

There were eight brain abscess (=Table 1) and six otogenic
brain abscess (=Table 2) journal articles. The number of
years of study from various institutions in =Table 1 ranges
from 1.5 to 28 years and the number of patients in these stud-
ies ranges from 8 to 89 per year with an average of 24 brain
abscess cases per year. Lakshmi et al reported the average
number of brain abscess specimens received for microbiolog-
ical analysis was 21 per year.®

Brain abscess is a focal collection of pus in the brain paren-
chyma surrounded by a well-vascularized collagenous
capsule.! It is life-threatening condition with long-term
neurological sequelae in 9 to 36% of patients.? With the
advancements in imaging and microbiological techniques,
neurosurgical procedures, and effective antibiotic treat-
ments, brain abscess mortality has decreased in recent years.?
However, the incidence of brain abscess remains unchanged
in developing countries, particularly among populations of
lower socioeconomic status due to chronic suppurative oti- COmMmon Symptoms
tis media (CSOM) and immunosuppression.*> We searched
PubMed and Google Scholar for references using the key
words “brain abscess” and “India” and reviewed both retro-
spective and prospective studies published in peer-reviewed

As shown in =Table 1, the majority of brain abscess patients
in India was males, which is in line with findings of studies
across the globe.?22 The average age of the patients was 20 to
30 years, which is similar or a decade lower compared with
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studies in other countries.>>?* Headache was found to be the
most common symptom. Other symptoms include fever, focal
neurologic deficit, seizure, nausea, and vomiting.®" Studies
in other countries have reported similar symptoms.?* The
classic triad of fever, headache, and focal neurologic deficit
was observed in half of the patients, and the mean duration of
the symptoms before diagnosis was approximately 8 days.??’

Neuropathology

Brain abscess begin as localized areas of cerebritis in the
brain parenchyma in response to an infection. The computed
tomography (CT) or magnetic resonance imaging (MRI) stud-
ies show that the brain abscess development can be divided
into four stages: early cerebritis (Days 1-3), late cerebritis
(Days 4-9), early capsule formation (Days 10-13), and late
capsule formation (after Day 14). A well-developed abscess
consists of five distinct histological zones: a necrotic center,
a peripheral zone of inflammatory cells, a dense collagenous
capsule, a layer of neovascularization, and cerebral edema
external to the capsule.?”

More than 90% of the brain abscesses reported in
~Tables 1 and 2 were single and were located in the fron-
tal and temporal lobes and the cerebellum, and occasionally
in the parietal and occipital lobes. The most common pre-
disposing condition was middle ear infection (8-75%), as
shown in =Table 1. Other common predisposing conditions
were congenital heart disease (CHD; 4-20%), post-traumatic,
and neurosurgical procedures (4-20%). Other studies have
reported CSOM as the main predisposing factor, followed
by post-traumatic and CHD.>?*?® Middle ear infections are
associated with abscess formation in the temporal or cere-
bellar lobes (=Table 2). In addition, intraventricular rup-
ture of brain abscess has been reported, resulting in acute
deterioration and death.?®*° Other factors that contribute to
intracranial complications are the virulence of organisms
and the host’s immunity status.’® Whole genome sequenc-
ing of Streptococcus intermedius TYG1620 isolated from a
human brain abscess showed the presence of the type VII
secretion system, which might be associated with strain-spe-
cific pathogenicity, including abscess formation.>' The host
inflammatory response, which increases with bacterial cell
lysis following the administration of antibiotics, can cause
damage to the surrounding normal brain parenchyma, which
exceeds the brain area occupied by the infecting organism.*
It has been shown that several inflammatory cytokine (tumor
necrosis factor-a [TNF-a], interferon-y, interleukin-1f [IL-
1B], IL-10, IL-17, IL-23) levels are significantly higher in
a brain abscess than in blood, and their expression in the
abscess is influenced by the bacterial pathogen and the dura-
tion of symptoms.'®

Etiology

This review found that 26 to 82% of the brain abscess sam-
ples were culture-positive (~Table 1). The most frequently
identified bacteria were Streptococci (12-42%), Staphylococci
(3-31%), Enterococci (7-14%), and gram-negative bacteria
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(9-23%), including Escherichia coli, Klebsiella, Enterobacter,
Citrobacter, Proteus, and Pseudomonas. Anaerobic bacteria
(2-41%) such as Peptostreptococcus, Bacteroides, Peptococctus,
Fusobacterium, and Veillonella were also isolated in some
studies. Nocardia and fungi were seen in 1 to 3% of samples.
Mycobacterium tuberculosis was isolated from 5% (9 cases)
and 10% (3 cases) of brain abscess samples in two studies.’
Only one study showed 60% tubercular abscess outnum-
bering pyogenic abscesses probably due to endemicity of
tuberculosis in India." Mixed infections were observed in
3 to 13% of samples. A retrospective analysis of 317 brain
abscess samples collected over a 3-year period (January
2012 to December 2014) at the National Institute of Mental
Health and Neurosciences (NIMHANS), Bangalore, found
rare pathogens in 19 samples (12%), including Cryptococcus
neoformans, Aspergillus flavus, Mucor, Salmonella, and
Pantoea.** Molecular characterization of methicillin-resistant
S. aureus (MRSA) showed community-acquired (CA-MRSA),
hospital-acquired (HA-MRSA), and livestock-associated
(LA-MRSA) strains in brain abscess samples.?* CSOM was
mostly caused by gram-negative bacteria, including E. coli,
Klebsiella, Pseudomonas, and Proteus (=Table 2). The distri-
bution of bacterial pathogens identified in brain abscesses
has been shown to be relatively similar in different conti-
nents and to have remained stable over the past 60 years.?

Diagnosis

Imaging techniques such as cranial CT and MRI were used
in most studies to confirm the clinical diagnosis and for
follow ups. In some cases, imaging techniques enabled safe
and successful medical treatment without surgical inter-
vention.’® MRI, when combined with diffusion-weighted
images (DWI) and apparent diffusion coefficients (ADC)
images, differentiates pyogenic brain abscess from non-
pyogenic abscesses, neoplasm, cystic, or necrotic tumors.”®
Magnetic resonance spectroscopy (MRS) analysis differenti-
ated between brain abscesses and tumors, as well as between
anaerobes and aerobes.*

Comprehensive microbiological investigations of brain
abscesses were conducted in most studies, including wet
mounts, Gram’s staining, Ziehl-Neelsen staining, and conven-
tional aerobic and anaerobic cultures. BACTEC aerobic and
anaerobic media were used in some studies to isolate bacte-
rial pathogens.”'* In other studies, anaerobic incubation was
performed in jars using commercial GasPak systems.®'*The
isolates were identified by standard biochemical tests.
Smears and cultures were also performed for mycobacteria,
nocardia, and fungi when requested. This review shows that
the incidence of negative cultures was 18 to 73% (~Tables 1
and 2 ), which is similar to other reports.?'¢ Polymerase chain
reaction(PCR) was not performed routinely, but PCR amplifi-
cation and sequencing of 16S ribosomal RNA (rRNA) in one
study showed the presence of bacterial DNA in 37% of the
culture-negative samples.** Other reports demonstrated the
usefulness of 16S rRNA PCR sequencing in bacterial identifi-
cation in culture-negative samples and samples containing
fastidious bacteria.?”*® Multiple sequencing by metagenomics

© 2021. Neurological Surgeons’ Society of India.
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increases the number of identified bacteria in brain abscess
samples, and next-generation sequencing (NGS) identifies
infectious agents with higher confidence where microbiol-
ogy fails to detect the presence of microbes.?*°

Management

Patients were managed with combined medical (e.g., anti-
biotic, steroid, and anticonvulsant) and surgical (aspira-
tion and excision) treatments and monitored with weekly
CT or MRI scans until the abscess completely disappeared.
Empirical intravenous broad-spectrum antibiotic treat-
ments were immediately initiated upon diagnosis and were
further modified according to microbiological isolation and
antibiotic sensitivity. Antibiotics that are active against both
aerobes and anaerobes such as a third-generation cephalo-
sporin, metronidazole and vancomycin to cover streptococci,
staphylococci, strict anaerobes, and Enterobacteriaceae
were used. Aminoglycosides were used for Pseudomonas
infection. Long-term therapy with cotrimoxazole or sulfa-
diazine was used for nocardia abscesses and antitubercu-
losis drugs were used for treating tuberculous abscesses.
Flucytosine, amphotericin B, and voriconazole were used
for fungal infections.® Antibiotic therapy was continued for
6 weeks or longer, depending on the therapeutic response
and the neuroimaging findings.>*'! Abscesses in the cerebri-
tis stage measuring less than 2 cm in diameter and multiple
deep-seated abscesses were treated with medical regimens
alone.® Surgery was performed for large abscesses and in
patients with a poor response to medical treatment. Most
patients underwent abscess aspiration through a single bur-
rhole." If the size of the abscess shown in CT or MR images
after the first aspiration increased or was not reduced despite
antibiotic therapy, the aspiration was repeated. Patients with
a poor response to repeated aspirations and post-traumatic
abscesses underwent complete abscess excision through
craniotomy.'® Stereotactic aspiration is associated with few
complications compared with excision that involves hem-
orrhage, cerebrospinal fluid (CSF) leakage, seizure, and
stroke.*! When the efficacies of aspiration and excision were
compared for the management of pyogenic brain abscesses,
excision was found to be better with respect to duration of
antibiotic use, length of hospital stay, and overall cost of
treatment.* However, excision is said to have a poor out-
come when the abscess is deep-seated and in the cerebritis
stage.*! In CSOM cases, patients underwent craniotomy for
abscess removal followed by radical mastoidectomy under
single anesthesia in the same session or mastoidectomy
was done after the patient’s general and neurological condi-
tions were stabilized.'”® High-dose corticosteroid treatment
was administered to patients with life-threatening cerebral
edema or cerebral herniation and tapered over a period of
4 weeks.® Anticonvulsants were administered as prophy-
lactics, and the duration of therapy was individualized and
guided by electroencephalographic (EEG) reports.®!! The
mortality rate in brain abscess patients was 2 to 7%, and up to
10% in patients with middle ear infection (~Tables 1 and 2 ).
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Prevention

Eradication of potential sources of infection before the
abscess fully develops is a reasonable preventive strat-
egy. Middle ear infection, which is often neglected and not
treated aggressively, remains the most frequent predisposing
condition in India (~Tables 1 and 2) and other Asian coun-
tries.#*%6 Multidisciplinary treatment strategies to address
the primary source have helped to improve outcomes in
otogenic brain abscesses.!® Congenital cyanotic heart disease
(CCHD) in the majority of children in Asia remains either
uncorrected or only partially palliated. Uncured CCHD is a
high-risk factor for the occurrence, persistence, and recur-
rence of a brain abscess.*’#® Prompt diagnosis of CCHD and
corrective surgery might help to reduce the development
of brain abscesses in children.* Head trauma has become
an important predisposing factor with the increasing inci-
dence of traffic accidents, which requires safety measures.?*
Tooth extraction and treatment for sinusitis may also help to
remove the focus of infection and prevent further spread of
bacteria.>® The duration of hospitalization increases the risk
of nosocomial infections concomitant with higher mortal-
ity.*® Infection control strategies in intensive care units (ICUs)
may help to improve brain abscess outcomes.?® Health aware-
ness in terms of ear and oral hygiene may help to reduce the
overall incidence of brain abscess.>!*2

Conclusion

The incidence of brain abscess continues to be high in India
due to CSOM, particularly among socioeconomically vulner-
able populations with poor health consciousness (=Tables
1 and 2). New developments include hyperbaric oxygen ther-
apy, which improves brain abscess outcomes.>* Gene therapy
is another prospect, as there is an association between sin-
gle nucleotide polymorphisms in TNF-«, IL-1f3, Intercellular
Adhesion Molecule 1 (ICAM-1), and monocyte chemoat-
tractant protein-1 (MCP-1) genes and increased risk of brain
abscess development.®*>> Identifying pathogens associated
with brain abscess using NGS might contribute to early
detection and appropriate treatment.
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