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D espite advances in imaging techniques, laboratory diagnostics, 
surgical interventions, and antimicrobial treatment, brain abscess remains 
a challenging clinical problem with substantial case fatality rates. Brain 

abscess can be caused by bacteria, mycobacteria, fungi, or parasites (protozoa and 
helminths), and the reported incidence ranges from 0.4 to 0.9 cases per 100,000 popu-
lation.1,2 Rates are increased in immunosuppressed patients.3

Patho genesis  a nd Epidemiol o gy

In most patients, brain abscess results from predisposing factors, such as underlying 
disease (e.g., infection with the human immunodeficiency virus [HIV]), a history of 
treatment with immunosuppressive drugs, disruption of the natural protective bar-
riers surrounding the brain (e.g., due to an operative procedure, trauma, mastoiditis, 
sinusitis, or dental infection), or a systemic source of infection (e.g., endocarditis or 
bacteremia).4 Bacteria enter the brain through contiguous spread in about half of 
cases and through hematogenous dissemination in about one third of cases, with 
unknown mechanisms accounting for the remaining cases (Fig. 1).4

Pathogenic mechanisms of infection are dependent on predisposing conditions. 
Severe immunocompromise, resulting from immunosuppressive therapy in patients 
who have undergone solid-organ or hematopoietic stem-cell transplantation3 or 
from HIV infection,5 is often associated with tuberculosis or nonbacterial causes of 
infection, such as fungi or parasites. HIV infection is associated with brain abscess 
caused by Toxoplasma gondii,5 but HIV infection also predisposes patients to infection 
with Mycobacterium tuberculosis.6 Patients who have received solid-organ transplants 
are at risk not only for nocardial brain abscess but also for fungal abscess (e.g., 
resulting from infection by aspergillus or candida species). Fungi are responsible 
for up to 90% of cerebral abscesses among recipients of solid-organ transplants.3,7

Abscess formation may occur after neurosurgical procedures or head trauma. 
In these cases, infection is often caused by skin-colonizing bacteria, such as Staph-
y lococcus aureus and S. epidermidis, or gram-negative bacilli.8 Brain abscess due to 
contiguous spread from parameningeal foci of infection (e.g., the middle ears, mas-
toids, and sinuses) is frequently caused by streptococcus species,4 but staphylococcal 
and polymicrobial abscesses (including those caused by anaerobes and gram-negative 
bacilli) also occur.9

The hematogenous spread of bacteria is associated with underlying cardiac dis-
ease (e.g., endocarditis or congenital heart defects), pulmonary disease (e.g., arterio-
venous fistulas),10 or distant foci of infection (primarily the skin, paranasal sinuses, 
and teeth).4 Staphylococcus and streptococcus species are often identified in brain 
abscesses after hematogenous spread.4 The microbial flora of brain abscesses re-
sulting from paranasal sinus or dental infection are often polymicrobial.9

The first stage of brain abscess is early cerebritis,11 which may lead to a perivas-
cular inflammatory response surrounding the necrotic center, with increased edema 
in the surrounding white matter. Subsequently, the necrotic center reaches its 
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maximum size and a capsule is formed through 
the accumulation of fibroblasts and neovascular-
ization. The capsule thickens with an abundance 
of reactive collagen, but inflammation and ede-
ma extend beyond the capsule. The histopatho-
logical features of brain abscess are shown in 
Figure 2.

Clinic a l M a nifes tations

The most frequent clinical manifestation of brain 
abscess is headache; fever and altered level of 
consciousness are frequently absent.4 Neurologic 
signs depend on the site of the abscess and can be 
subtle for days to weeks. Behavioral changes may 
occur in patients with abscesses in the frontal or 
right temporal lobes. Patients with abscesses in 
the brain stem or cerebellum may present with 
cranial-nerve palsy, gait disorder, or either head-
ache or altered mental status owing to hydro-
cephalus.12 Up to 25% of patients present with 
seizures.4 Clinical manifestations become more 
evident as the abscess grows larger and the sur-
rounding edema increases, but these symptoms 
and signs may be difficult to recognize because 
of sedation or the nature of the underlying neuro-
logic disease.8 Patients with hematogenous 
spread of bacteria may present with symptoms of 
the underlying infection.13 The differential diag-
nosis includes a range of neurologic and infec-
tious diseases, such as brain tumors, stroke, bac-
terial meningitis, epidural abscess, and subdural 
empyema. Primary central nervous system lym-
phoma is part of the differential diagnosis in pa-
tients infected with HIV.

Di agnos tic Me a sur es

Cranial imaging should be performed in all pa-
tients with suspected brain abscess. Computed 
tomographic (CT) scanning with contrast en-
hancement provides a rapid means of detecting 

the size, number, and localization of abscesses. 
Magnetic resonance imaging (MRI), combined 
with diffusion-weighted and apparent-diffusion-
coefficient images, is a valuable diagnostic tool in 
differentiating brain abscess from primary, cystic, 
or necrotic tumors (Fig. 3). One prospective study 
involving 115 patients with 147 cystic brain lesions, 
which included 97 patients with brain abscess, 
showed that diffusion-weighted imaging had a 
sensitivity and specificity for the differentiation of 
brain abscesses from primary or metastatic can-
cers of 96% (positive predictive value, 98%; nega-
tive predictive value, 92%).14 The use of proton nu-
clear magnetic resonance (1H NMR) spectroscopy 
for the differentiation of brain abscess from ce-
rebral tumors or metastasis has been studied, 
but the specificity and sensitivity were only mar-
ginally higher with the combination of diffusion-

Figure 1 (facing page). Pathogenic Mechanisms of 
Brain-Abscess Formation and Stereotactic Aspiration.

Bacterial invasion of the brain leading to abscess forma-
tion may be due to the direct spread from contiguous 
foci of infection, such as the site of craniotomy or mas-
toiditis, or to hematogenous spread from pulmonary or 
cardiac foci of infection (Panel A). Minimally invasive 
 aspiration may be achieved by means of a stereotactic 
frame (Panel B).

A

B

Figure 2. Pathological Findings for Fungal Abscess.

In Panel A, staining of a biopsy specimen with hema-
toxylin and eosin reveals an abscess with collections of 
neutrophils (prominent in the lower right corner) and 
macrophages within gliotic brain tissue. Staining with 
Gomori methenamine silver highlights the presence of 
fungal organisms (black) (Panel B).
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weighted imaging and 1H NMR spectroscopy than 
with diffusion-weighted imaging alone.15

Cultures of blood and cerebrospinal fluid iden-

tify the causative pathogen in approximately one 
quarter of patients.4 Cultures of cerebrospinal 
fluid may be valuable in patients with coexisting 

A B

DC

Figure 3. Imaging Studies of Brain Abscess.

An axial CT image of the cranium (Panel A) shows left parietal abscess characterized by a hypodense center, an iso-
dense ring, and a surrounding hypodense zone that is consistent with edema. A T1-weighted MRI scan obtained after 
the administration of gadolinium (Panel B) shows a hypointense necrotic center with pus, ring-shaped enhancement of 
the abscess wall, and a hypointense zone of edema surrounding the abscess. Diffusion-weighted MRI shows a hyper-
intense signal within the abscess (Panel C), which is hypointense on apparent-diffusion-coefficient imaging (Panel D).
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meningitis.16 However, the risk of brain hernia-
tion must be considered in these patients. Lumbar 
puncture should be performed only when there 
is clinical suspicion of meningitis or abscess 
rupture into the ventricular system and when 
there are no contraindications for lumbar punc-
ture, such as brain shift on cranial imaging or 
coagulation disorders. Underlying dental, para-
nasal sinus, ear, and skin foci of infection 
should be cultured; surgical removal of these 
foci may be required.

Neurosurgic a l M a nagemen t

Neurosurgery is imperative for the identification 
of the causative pathogen, if it has not been de-
termined otherwise, and, in selected patients, for 
the purpose of reducing the size of the abscess. 
With the use of modern stereotactic neurosurgical 
techniques, almost any brain abscess that mea-
sures at least 1 cm in diameter is amenable to 
stereotactic aspiration, regardless of location 
(Fig. 1). Stereotactic navigation systems can be 
used for abscess drainage,17 and images obtained 
with volumetric CT or MRI can be used to build 
a three-dimensional reconstruction of the pa-
tient’s brain. Careful trajectory planning can 
then be optimized from the point of brain entry 
to the abscess to avoid “eloquent” brain tissue 
(i.e., areas of the brain that are critical for impor-
tant functions such as speech, movement, sensa-
tion, and vision).

Stereotactic aspiration of the purulent center 
should be performed for the purposes of diag-
nosis and decompression unless it is contraindi-
cated because of the suspected organism type or 
the patient’s clinical condition. If brain imaging 
does not show a central cavity in the abscess, 
careful consideration should be given to the 
choice between performing a stereotactic biopsy 
of the area of presumed cerebritis and adminis-
tering empirical antimicrobial treatment with 
follow-up cranial imaging. In HIV-infected pa-
tients with probable toxoplasmosis, presumptive 
therapy may be justified in the absence of a tissue-
based diagnosis when tests for antitoxoplasma 
IgG antibodies are positive. In rare cases, surgery 
is withheld because poor health status or coex-
isting conditions would increase the surgical 
risk. If stereotactic navigation is not available, 
intraoperative ultrasonography can be performed 
through a burr hole or small craniotomy in or-
der to direct abscess drainage, but this approach 

is not recommended for small abscesses in deep 
brain locations.18

Diagnostic aspiration should be aimed at 
achieving maximal drainage of the abscess. 
Continuous drainage, made possible by placing 
a catheter into the abscess cavity, has been ad-
vocated as a means of decreasing reoperation 
rates, but this technique is not routinely recom-
mended.19 Some experts advise postoperative 
administration of antimicrobial agents directly 
into the abscess cavity through the drainage 
catheter, since antimicrobial penetration into 
the abscess cavity after systemic administration 
can be limited, but there are few data on the 
risks and benefits of this approach and it is not 
routinely recommended. Total resection was rec-
ommended up to 20 years ago, but it now has a 
limited role, given the improvements in medical 
and minimally invasive neurosurgical manage-
ment. Nevertheless, if an abscess is superficial 
and is not located in eloquent brain tissue, re-
section, rather than drainage, should be consid-
ered, particularly when there is suspicion of 
fungal or tuberculous infection or of branching 
bacteria (e.g., actinomyces or nocardia species).

If the causative pathogen has been identified, 
the indication for aspirating the abscess depends 
on its size and location, the patient’s clinical 
condition, and the likelihood of achieving mean-
ingful decompression through aspiration. In a 
small case series,20 treatment was prone to failure 
when therapy consisted of antimicrobial agents 
alone. An abscess size of more than 2.5 cm in 
diameter has been recommended as an indica-
tion for neurosurgical intervention,21 but data 
from comparative studies are lacking, and this 
size cannot be regarded as a definitive indica-
tion for aspiration. In patients with multiple 
small brain abscesses, the largest abscess should 
be aspirated for diagnostic purposes; the deci-
sion to aspirate other abscesses should be made 
on the basis of their size, the extent of surround-
ing edema, the patient’s symptoms, and the re-
sponse to antimicrobial treatment. For patients 
in whom the abscess causes brain shift, leading 
to brain herniation, neurosurgical intervention 
may be indicated irrespective of the abscess size. 
If an abscess is abutting but has not yet ruptured 
into the ventricular system, drainage should be 
considered to prevent rupture of the abscess and 
resulting ventriculitis.

Microbiologic evaluation of cerebrospinal fluid, 
blood, or aspirate from the abscess should in-
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clude Gram’s staining and aerobic and anaerobic 
cultures.22 In immunocompromised patients and 
patients with risk factors such as a history of 
pulmonary tuberculosis or opportunistic infec-
tion, smears and cultures should be obtained for 
mycobacteria, nocardia species, and fungi, and a 
polymerase-chain-reaction (PCR) assay for T. gondii 
should be performed. If a bacterial brain abscess is 
strongly suspected but the culture results are neg-
ative, PCR-based 16S ribosomal DNA sequencing 
may provide a definitive etiologic diagnosis, allow-
ing for targeted antimicrobial therapy.23 When 
this test was performed on aspirates from brain 
abscesses in 71 patients, 30 (42%) of whom had 
positive cultures, bacterial DNA was detected in 
59 patients (83%).9 The investigators identified 
80 different bacterial taxa, 44 of which had not 
been described previously in brain abscesses, 
including 37 that have not been reported to be 
cultured.9 Although these data are indicative of 
the bacterial diversity within brain abscesses, it 
is unclear whether all these species are involved 
in the pathogenesis of abscesses and warrant 
treatment.24

A n timicrobi a l Ther a py

A delay in the initiation of antimicrobial therapy 
can result in a poor outcome, as indicated by a 
retrospective study in which the median interval 
between diagnosis and the start of antimicrobial 
therapy was 2 days.25 The investigators concluded 
that antimicrobial therapy should be started when 
there is clinical suspicion of a brain abscess. Be-
cause the administration of antimicrobial agents 
before stereotactic aspiration of the abscess may 
reduce the yield of bacterial cultures, it is reason-
able to postpone the therapy until after neurosur-
gery has been performed, but only if the disease 
is not severe, the patient’s condition is clinically 
stable, and surgery can be performed within a 
few hours. Caution is warranted with this ap-
proach, since the abscess may progress rapidly 
and unexpectedly, irrespective of the initial level 
of disease severity.

The choice of initial antimicrobial therapy 
should be based on the organisms that are the 
most likely cause of the disease, as determined 
on the basis of the mechanisms of infection and 
the patient’s predisposing condition, on patterns 
of antimicrobial susceptibility, and on the ability 

of the antimicrobial agent to penetrate the ab-
scess (Tables 1 and 2). After organ transplanta-
tion, patients should receive empirical treatment 
with a third-generation cephalosporin (ceftriax-
one or cefo taxime) plus metronidazole for bac-
terial brain abscess, trimethoprim–sulfamethoxa-
zole or sulfadiazine for infection with nocardia 
species, and voriconazole for infection with fun-
gal species, especially aspergillus.26 In the initial 
treatment of HIV-infected patients, the addition 
of an agent that targets toxoplasmosis (pyri-
methamine plus sulfadiazine) is recommended, 
but only for those with positive test results for 
antitoxoplasma IgG antibodies.5 Treatment for 
tuberculosis (isoni azid, rifampin, pyrazinamide, 
and ethambutol)27 should be considered in pa-
tients with HIV infection and in patients who 
are immigrants from or have traveled in areas of 
the world where tuberculosis is endemic and who 
have known risk factors for tuberculosis, pending 
further diagnostic evaluation.5

Empirical treatment for patients who have 
undergone neurosurgical procedures or have sus-
tained head trauma with skull fractures consists 
of vancomycin plus a third- or fourth-generation 
cephalosporin (i.e., cefepime) and metronidazole. 
For patients with contiguous spread from a para-
meningeal focus of infection and no history of 
neurosurgery, empirical treatment consists of cef-
triaxone or cefotaxime combined with metroni-
dazole. Vancomycin should be added if staphylo-
coccal infection is also suspected. Meropenem 
may be considered as alternative empirical treat-
ment in patients with contraindications to therapy 
with cephalosporins or metronidazole. A retro-
spective Spanish study showed similar outcomes 
for patients treated with cefotaxime plus metro-
nidazole and those treated with meropenem.28 
In patients with brain abscess due to hema-
togenous spread, treatment consists of a third-
generation cephalosporin combined with metro-
nidazole to cover anaerobes; vancomycin should 
be added to treat potential staphylococcal infec-
tion, pending organism identification and the 
results of in vitro susceptibility testing.

Once the infecting pathogen has been isolated, 
antimicrobial agents can be modified to achieve 
the most effective therapy (Table 2). A dilemma 
arises when only a single pathogen is identified 
in blood cultures. Since 27% of brain abscesses 
are polymicrobial,4 broad-spectrum antimicrobial 
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therapy is advised until the results of culture of 
the abscess itself are known or until repeated 
aerobic and anaerobic cultures from blood or 
other sites of infection show no other pathogen. 
However, if the pathogenesis of infection is from 
a contiguous site, broad-spectrum antimicrobial 
therapy should be used to cover multiple pathogens 
(including anaerobes), even if no other infectious 
agents have been isolated. Brain abscess due to 
infection with multidrug-resistant gram-negative 
bacilli has been described after neurosurgical 
procedures or complicated head trauma.29 Fungal 
brain abscesses are notoriously unresponsive to 
antimicrobial treatment, although in one study, 
the introduction of voriconazole therapy resulted 
in decreased mortality (65%, as compared with 
91% for historical controls).26

The duration of intravenous antimicrobial ther-
apy in patients with bacterial brain abscess has 
traditionally been 6 to 8 weeks.22 Prolonged treat-
ment with metronidazole has been associated with 
neuropathy.30 However, in one study, peripheral 
neuropathies improved in all patients after metro-

nidazole was stopped.30 The Infection in Neuro-
surgery Working Party of the British Society for 
Anti microbial Chemotherapy recommended only 
1 to 2 weeks of intravenous therapy for patients 
with bacterial brain abscess and stated that after 
such treatment, and depending on the clinical 
response, a change to an appropriate oral regi-
men can be considered.31 This approach has been 
used successfully in selected patients32,33 but is 
not considered to be standard therapy. An oral 
treatment regimen in these patients consisted of 
metronidazole, ciprofloxacin, and amoxicillin.33

Important criteria for evaluating treatment 
are the neurologic condition of the patient and 
abscess size on cranial imaging. Cranial imag-
ing should be performed immediately if there is 
clinical deterioration, after 1 to 2 weeks if there 
is no improvement, and on a biweekly basis for 
up to 3 months until clinical recovery is evi-
dent.19 Indications for further neurosurgery are 
clinical deterioration with an increasing abscess 
size on cranial imaging, despite the use of anti-
microbial therapy.

Table 1. Predisposing Conditions and Microbial Isolates in Patients with Brain Abscess.*

Predisposing Condition Common Microbial Isolates

Immunocompromise

HIV infection Toxoplasma gondii, nocardia and mycobacterium species, Listeria monocytogenes, 
Cryptococcus neoformans

Neutropenia Aerobic gram-negative bacilli, aspergillus species, Mucorales, candida and scedo-
sporium species

Transplantation Aspergillus and candida species, Mucorales, scedosporium species, Entero-
bacteriaceae, nocardia species, T. gondii, Mycobacterium tuberculosis

Contiguous spread of bacteria

Penetrating trauma or neuro-
surgery

Staphylococcus aureus, S. epidermidis, streptococcus species (anaerobic and aero-
bic), Enterobacteriaceae, clostridium species†

Otitis media or mastoiditis Streptococcus species (anaerobic and aerobic), bacteroides and prevotella species, 
Enterobacteriaceae†

Paranasal sinusitis Streptococcus species (anaerobic and aerobic), bacteroides species, Entero-
bacteriaceae, S. aureus, haemophilus species†

Hematogenous spread  
of bacteria

Lung abscess, empyema, 
bronchiectasis

Fusobacterium, actinomyces, bacteroides, prevotella, nocardia, streptococcus species

Bacterial endocarditis S. aureus, streptococcus species

Congenital heart disease Streptococcus and haemophilus species

Dental infection Mixed infection with fusobacterium, prevotella, actinomyces, bacteroides, and 
streptococcus species (anaerobic and aerobic)

* HIV denotes human immunodeficiency virus.
† The Enterobacteriaceae include Escherichia coli and enterobacter, klebsiella, proteus, and salmonella species.
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Table 2. Antimicrobial Therapy in Patients with Brain Abscess.

Treatment Therapy*

Empirical treatment
Standard Cefotaxime or ceftriaxone plus metronidazole; alternatively, meropenem  

(add vancomycin if infecting pathogen may be Staphylococcus aureus, 
pending organism identification and in vitro susceptibility testing)

For transplant recipients Cefotaxime or ceftriaxone plus metronidazole, voriconazole, and trimethoprim–
sulfamethoxazole or sulfadiazine

For patients with HIV infection Cefotaxime or ceftriaxone plus metronidazole, pyrimethamine, and sulfadi-
azine; consider isoniazid, rifampin, pyrazinamide, and ethambutol to 
cover possible tuberculosis infection

Treatment based on isolated pathogen
Bacteria†

Actinomyces species‡ Penicillin G
Bacteroides fragilis‡ Metronidazole
Enterobacteriaceae‡ Cefotaxime or ceftriaxone 
Fusobacterium species‡ Metronidazole
Haemophilus species‡ Cefotaxime or ceftriaxone 
Listeria monocytogenes Ampicillin or penicillin G§

Mycobacterium tuberculosis Isoniazid, rifampin, pyrazinamide, and ethambutol
Nocardia species Trimethoprim–sulfamethoxazole or sulfadiazine
Prevotella melaninogenica‡ Metronidazole

Pseudomonas aeruginosa Ceftazidime or cefepime§

S. aureus
Methicillin-sensitive Nafcillin or oxacillin
Methicillin-resistant Vancomycin

Streptococcus anginosus group,  
other streptococcal  
species‡

Penicillin G

Fungi
Aspergillus species Voriconazole
Candida species Amphotericin B preparation¶
Cryptococcus neoformans Amphotericin B preparation¶
Mucorales Amphotericin B preparation
Scedosporium apiospermum Voriconazole

Protozoa
T. gondii Pyrimethamine plus sulfadiazine

* The preferred daily doses of antimicrobial agents in adults with normal renal and hepatic function are as follows (with 
intravenous administration advised unless otherwise specified): cefotaxime, 2 g every 4 to 6 hours; ceftriaxone, 2 g 
 every 12 hours; metronidazole 500 mg every 6 to 8 hours; meropenem, 2 g every 8 hours; vancomycin, 15 mg per kilo-
gram of body weight every 8 to 12 hours to maintain a serum trough level of 15 to 20 µg per milliliter; penicillin G, 
2–4 million units every 4 hours (or a continuous infusion of 12–24 million units daily); ampicillin, 2 g every 4 hours; isoni-
azid, 300 mg every 24 hours (oral); rifampin, 600 mg every 24 hours (oral); pyrazinamide, 15 to 30 mg per kilogram 
 every 24 hours (oral); ethambutol, 15 mg per kilogram every 24 hours (oral); trimethoprim–sulfamethoxazole, 10 to 
20 mg of trimethoprim plus 50 to 100 mg of sulfamethoxazole per kilogram per day, administered in two to four divided 
doses; sulfadiazine, 1 to 1.5 g every 6 hours (oral); ceftazidime, 2 g every 8 hours; cefepime 2 g every 8 hours; nafcillin, 
2 g  every 4 hours; oxacillin, 2 g every 4 hours; voriconazole, 4 mg per kilogram every 12 hours after a loading dose of 6 mg 
per kilogram every 12 hours for two doses; amphotericin B deoxycholate, 0.6 to 1.0 mg per kilogram every 24 hours 
with doses of up to 1.5 mg per kilogram for patients with aspergillosis or mucormycosis; amphotericin B lipid complex, 
5 mg per kilogram every 24 hours; liposomal amphotericin B, 5 to 7.5 mg per kilogram every 24 hours; pyrimethamine, 
25 to 75 mg every 24 hours (oral); and sulfadiazine, 1 to 1.5 g every 6 hours (oral). 

† The specific agent of choice depends on the results of in vitro susceptibility testing.
‡ These bacteria may be isolated as part of a mixed infection, and combination therapy may be needed.
§ An aminoglycoside should also be considered (e.g., 1.7 mg of gentamicin per kilogram every 8 hours).
¶ The addition of 25 mg of flucytosine per kilogram every 6 hours should be considered; serum trough levels of 50 to 

100 µg of flucytosine per milliliter should be maintained.
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Complic ations a nd Ou t come

For patients with a decline in consciousness, im-
mediate brain imaging is indicated to detect hy-
drocephalus or impending brain herniation. Ab-
scess rupture into the ventricular system results in 
ventriculitis, often leading to hydrocephalus, and is 
associated with high mortality (ranging from 27 
to 85%). In patients with rupture, placement of 
an external ventricular catheter provides a means 
of draining and sampling cerebrospinal fluid and 
monitoring intracranial pressure, as well as provid-
ing a direct route for the administration of intraven-
tricular antibiotics, if needed.34 Hydrocephalus is 
also common in patients with abscesses in the pos-
terior fossa.35 A decline in consciousness may also 
be caused by seizures or status epilepticus.36 Ran-
domized studies of the use of prophylactic antiepi-
leptic drugs in patients with brain abscess have not 
been performed. In one study involving patients 
with brain tumors, preventive treatment with an-
tiseizure drugs was not associated with decreased 
seizure rates.37 Anticonvulsant treatment is not 
routinely indicated in patients with brain abscess.

Focal neurologic deficits may develop in re-
sponse to abscess growth or surrounding edema. 

Adjunctive glucocorticoid therapy may reduce 
cerebral edema and is used in about half of pa-
tients with brain abscess.4 Since data from ran-
domized studies are lacking and glucocorticoids 
may reduce passage of antimicrobial agents into 
the central nervous system, their use should be 
limited to patients with profound edema that is 
likely to lead to cerebral herniation. Hyperbaric 
oxygen has been described as an adjunctive treat-
ment but only in small case series, and it cannot 
be regarded as routine.38

The outcome for patients with brain abscess 
has improved over the past 50 years, following 
improvements in cranial imaging techniques, 
the use of antimicrobial treatment regimens, 
and the introduction of minimally invasive neu-
rosurgical procedures.4 Mortality has declined 
from 40% in 1960 to 15% in the past decade.4 
Currently, 70% of patients with brain abscess 
have a good outcome, with no or minimal neu-
rologic sequelae,4 although data on functional 
and neuropsychological evaluation after brain 
abscess are lacking.

No potential conflict of interest relevant to this article was 
reported. 

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

References
1. Nicolosi A, Hauser WA, Musicco M, 
Kurland LT. Incidence and prognosis of 
brain abscess in a defined population: 
 Olmsted County, Minnesota, 1935-1981. 
Neuroepidemiology 1991;10:122-31.
2. Helweg-Larsen J, Astradsson A, Rich-
hall H, Erdal J, Laursen A, Brennum J. 
Pyogenic brain abscess, a 15 year survey. 
BMC Infect Dis 2012;12:332.
3. Selby R, Ramirez CB, Singh R, et al. 
Brain abscess in solid organ transplant 
recipients receiving cyclosporine-based 
immunosuppression. Arch Surg 1997;132: 
304-10.
4. Brouwer MC, Coutinho JM, van de 
Beek D. Clinical characteristics and out-
come of brain abscess: systematic review 
and meta-analysis. Neurology 2014;82: 
806-13.
5. Tan IL, Smith BR, von Geldern G, 
 Mateen FJ, McArthur JC. HIV-associated 
opportunistic infections of the CNS. Lan-
cet Neurol 2012;11:605-17.
6. Nelson CA, Zunt JR. Tuberculosis of 
the central nervous system in immuno-
compromised patients: HIV infection and 
solid organ transplant recipients. Clin 
 Infect Dis 2011;53:915-26.
7. Baddley JW, Salzman D, Pappas PG. 
Fungal brain abscess in transplant re-
cipients: epidemiologic, microbiologic, 

and clinical features. Clin Transplant 
2002;16:419-24.
8. Yang KY, Chang WN, Ho JT, Wang 
HC, Lu CH. Postneurosurgical nosocomial 
bacterial brain abscess in adults. Infection 
2006;34:247-51.
9. Al Masalma M, Lonjon M, Richet H, 
et al. Metagenomic analysis of brain ab-
scesses identifies specific bacterial asso-
ciations. Clin Infect Dis 2012;54:202-10.
10. Mathis S, Dupuis-Girod S, Plauchu H, 
et al. Cerebral abscesses in hereditary 
haemorrhagic telangiectasia: a clinical 
and microbiological evaluation. Clin Neu-
rol Neurosurg 2012;114:235-40.
11. Britt RH, Enzmann DR, Yeager AS. 
Neuropathological and computerized tomo-
graphic findings in experimental brain ab-
scess. J Neurosurg 1981;55:590-603.
12. Shaw MD, Russell JA. Cerebellar ab-
scess: a review of 47 cases. J Neurol Neuro-
surg Psychiatry 1975;38:429-35.
13. Ferreyra MC, Chavarría ER, Ponieman 
DA, Olavegogeascoechea PA. Silent brain 
abscess in patients with infective endo-
carditis. Mayo Clin Proc 2013;88:422-3.
14. Reddy JS, Mishra AM, Behari S, et al. 
The role of diffusion-weighted imaging in 
the differential diagnosis of intracranial 
cystic mass lesions: a report of 147 lesions. 
Surg Neurol 2006;66:246-50.

15. Lai PH, Hsu SS, Ding SW, et al. Proton 
magnetic resonance spectroscopy and 
diffusion-weighted imaging in intracranial 
cystic mass lesions. Surg Neurol 2007;68: 
Suppl 1:S25-S36.
16. Jim KK, Brouwer MC, van der Ende A, 
van de Beek D. Cerebral abscesses in pa-
tients with bacterial meningitis. J Infect 
2012;64:236-8.
17. Barlas O, Sencer A, Erkan K, Eraksoy 
H, Sencer S, Bayindir C. Stereotactic sur-
gery in the management of brain abscess. 
Surg Neurol 1999;52:404-10.
18. Hayashi K, Matsuo T, Suyama K, Na-
gata I. Usefulness of ultrasonography 
with a burr-hole transducer during sur-
gery through a burr hole. Neurol Med 
Chir (Tokyo) 2012;52:165-8.
19. Shen H, Huo Z, Liu L, Lin Z. Stereo-
tactic implantation of Ommaya reservoir 
in the management of brain abscesses. Br 
J Neurosurg 2011;25:636-40.
20. Rosenblum ML, Hoff JT, Norman D, 
Edwards MS, Berg BO. Nonoperative treat-
ment of brain abscesses in selected high-
risk patients. J Neurosurg 1980;52:217-25.
21. Mamelak AN, Mampalam TJ, Obana 
WG, Rosenblum ML. Improved manage-
ment of multiple brain abscesses: a com-
bined surgical and medical approach. 
Neurosurgery 1995;36:76-85.

The New England Journal of Medicine 
Downloaded from nejm.org by JOHN VOGEL on August 1, 2014. For personal use only. No other uses without permission. 

 Copyright © 2014 Massachusetts Medical Society. All rights reserved. 

John Vogel

John Vogel

John Vogel



n engl j med 371;5 nejm.org july 31, 2014456

Br ain Abscess

22. Tunkel AR. Brain abscess. In: Mandell 
GL, Bennett JE, Dolin R, eds. Principles 
and practice of infectious diseases. 7th ed. 
Philadelphia: Churchill Livingstone, 2010: 
1265-78.
23. Al Masalma M, Armougom F, Scheld 
WM, et al. The expansion of the microbio-
logical spectrum of brain abscesses with 
use of multiple 16S ribosomal DNA se-
quencing. Clin Infect Dis 2009;48:1169-78.
24. DiGiulio DB, Relman DA. Majority 
rules? Tallying the microbial census in an 
abscess by means of molecular methods. 
Clin Infect Dis 2009;48:1179-81.
25. Gutiérrez-Cuadra M, Ballesteros MA, 
Vallejo A, et al. Brain abscess in a third-
level hospital: epidemiology and prognos-
tic factors related to mortality. Rev Esp 
Quimioter 2009;22:201-6. (In Spanish.)
26. Schwartz S, Ruhnke M, Ribaud P, et 
al. Improved outcome in central nervous 
system aspergillosis, using voriconazole 
treatment. Blood 2005;106:2641-5.
27. Thwaites GE, van Toorn R, Schoeman J. 
Tuberculous meningitis: more questions, 
still too few answers. Lancet Neurol 2013; 
12:999-1010.

28. Martin-Canal G, Saavedra A, Asensi 
JM, et al. Meropenem monotherapy is as 
effective as and safer than imipenem to 
treat brain abscesses. Int J Antimicrob 
Agents 2010;35:301-4.
29. Guinand Vives CH, Monsalve Duarte 
GA, Beltrán SV, Pinzón JO. Brain abscess 
caused by multidrug-resistant Acinetobacter 
baumannii: case report. J Neurosurg 
2009;111:306-10.
30. Carroll MW, Jeon D, Mountz JM, et al. 
Efficacy and safety of metronidazole for 
pulmonary multidrug-resistant tuberculo-
sis. Antimicrob Agents Chemother 2013; 
57:3903-9.
31. Infection in Neurosurgery Working 
Party of the British Society for Antimicro-
bial Chemotherapy. The rational use of 
antibiotics in the treatment of brain ab-
scess. Br J Neurosurg 2000;14:525-30.
32. Carpenter J, Stapleton S, Holliman R. 
Retrospective analysis of 49 cases of brain 
abscess and review of the literature. Eur J 
Clin Microbiol Infect Dis 2007;26:1-11.
33. Skoutelis AT, Gogos CA, Maraziotis 
TE, Bassaris HP. Management of brain 
abscesses with sequential intravenous/

oral antibiotic therapy. Eur J Clin Micro-
biol Infect Dis 2000;19:332-5.
34. van de Beek D, Drake JM, Tunkel AR. 
Nosocomial bacterial meningitis. N Engl 
J Med 2010;362:146-54.
35. Nathoo N, Nadvi SS, Narotam PK, van 
Dellen JR. Brain abscess: management and 
outcome analysis of a computed tomog-
raphy era experience with 973 patients. 
World Neurosurg 2011;75:716-26.
36. Chuang MJ, Chang WN, Chang HW, 
et al. Predictors and long-term outcome 
of seizures after bacterial brain abscess. 
J Neurol Neurosurg Psychiatry 2010;81: 
913-7.
37. Tremont-Lukats IW, Ratilal BO, Arm-
strong T, Gilbert MR. Antiepileptic drugs 
for preventing seizures in people with 
brain tumors. Cochrane Database Syst 
Rev 2008;2:CD004424.
38. Kutlay M, Colak A, Yildiz S, Demircan 
N, Akin ON. Stereotactic aspiration and 
antibiotic treatment combined with hyper-
baric oxygen therapy in the management 
of bacterial brain abscesses. Neurosurgery 
2008;62:Suppl 2:540-6.
Copyright © 2014 Massachusetts Medical Society.

AN NEJM APP FOR iPHONE

The NEJM Image Challenge app brings a popular online feature to the smartphone. 
Optimized for viewing on the iPhone and iPod Touch, the Image Challenge app lets 

you test your diagnostic skills anytime, anywhere. The Image Challenge app 
randomly selects from 300 challenging clinical photos published in NEJM,  
with a new image added each week. View an image, choose your answer,  

get immediate feedback, and see how others answered.  
The Image Challenge app is available at the iTunes App Store.
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