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Brain Abscess
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Before the late 1800s, brain abscess was an almost uniformly antimicrobial therapy. The brain is remarkably resistant to bac-
terial and fungal infection; brain abscesses in humans are quitefatal condition that was rarely diagnosed before autopsy. The

pioneering work of the English surgeon William Macewan led uncommon despite the frequency of both overt and occult bac-
teremia. This resistance is due in part to the brain’s abundantto remarkable breakthroughs in the treatment of this condition

[1]. With an improved knowledge of cranial surgical anatomy blood supply and the relatively impermeable blood-brain bar-
rier formed by the capillary-endothelial tight junctions. A simi-and the development of new surgical techniques, he showed

that selected patients could be cured with drainage of the ab- lar situation is seen by researchers working with experimental
brain abscess models; induction of an abscess usually requiresscess. Further progress was made after World War II, when

antibiotics such as penicillin and chloramphenicol were intro- direct inoculation of organisms into the animal’s brain, since
brain abscess following experimentally induced bacteremia isduced.

Advances in the diagnosis and treatment of brain abscess rare [3]. Although certain underlying brain pathologies such
as previous stroke [4], intracerebral hematoma [5], and anduring the past 20 years have led to continued reductions in

the mortality associated with brain abscess. The advent of CT underlying neoplasm [6] may serve as a nidus for abscess
formation, in most cases there is no apparent predisposingscanning in 1974, the introduction of stereotactic brain biopsy

and aspiration techniques, and the availability of newer antimi- brain lesion.
crobials have all contributed to this improved outlook. During The most common source of microbial infection remains
this same period, there have been changes in the epidemiology direct or indirect cranial infection arising from the paranasal
of this condition, with a decreased incidence of otogenic brain sinuses, middle ear, and teeth. Seeding of the brain presumably
abscess and an increased incidence of brain abscess among occurs via transit of infecting bacteria through the valveless
organ transplant recipients and other immunocompromised pa- emissary veins that drain these regions and permit either direct
tient populations. The management of brain abscess has be- or retrograde flow into the venous drainage systems of the
come increasingly complicated and requires close cooperation brain. Although dental and sinus infections remain an important
between infectious diseases specialists and neurosurgeons. source of brain abscess, aggressive and widespread therapy of
Herein, we will review key aspects of the clinical presentation chronic otitis media has led to a corresponding decrease in the
of brain abscess as well as recent advances in the diagnosis incidence of otogenic-related temporal lobe and cerebellar
and treatment of the condition. brain abscess. Entry of bacteria into the brain following pene-

trating brain injury is common; however, the likelihood of brain
abscess following such injuries is surprisingly low, even when

Pathophysiology
patients are treated with less-aggressive surgical approaches

Brain abscess is a focal, intracerebral infection that begins [7]. Metastatic seeding of the brain from distant extracranial
as a localized area of cerebritis and develops into a collection sources remains an important route of infection; the microbial
of pus surrounded by a well-vascularized capsule. A standard pathogens in this situation are quite varied and depend on the
method of classifying brain abscesses is to classify them on original source of the bacteremia.
the basis of the likely entry point of the infection (table 1) Despite all these potential routes, it should be recognized
[2]. This system allows practitioners to predict the most likely that 20% – 30% of cases are identified as ‘‘cryptic’’ brain
microbial flora in the abscess and select the optimal empirical abscess for which no obvious source can be identified. In

a recent case report, the authors described the rare case
of a patient with an echocardiographically proven patent
foramen ovale who developed a brain abscess [8]. Perhaps
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Table 1. Brain abscess in adults: microbiology and antimicrobial therapy.

Source of abscess Site of abscess Microbial flora Antimicrobial therapy* †

Paranasal sinus Frontal lobe Aerobic streptococci (usually Penicillin / metronidazole or
‘‘Streptococcus milleri’’ group) (Cefotaxime / metronidazole‡)

Anaerobic streptococci
Haemophilus species
Bacteroides species (non-fragilis)
Fusobacterium species

Otogenic infection Temporal lobe, cerebellum Streptococcus species
Enterobacteriaceae Penicillin / metronidazole /
Bacteroides species ceftazidime

(includes B. fragilis)
Pseudomonas aeruginosa

Metastatic spread Multiple cerebral lesions common, especially Depends on source Nafcillin / metronidazole /
in middle cerebral artery distribution, but Endocarditis cefotaxime
any lobe can be involved Staphylococcus aureus

Viridans streptococci
Urinary tract

Enterobacteriaceae
Pseudomonaceae

Intra-abdominal
Streptococcus species
Enterobacteriaceae
Anaerobes

Lung abscess
Streptococcus species
Actinomyces species
Fusobacterium species

Penetrating trauma Depends on site of wound Staphylococcus aureus Nafcillin / cefotaxime
Clostridium species
Enterobacteriaceae

Postoperative Staphylococcus epidermidis Vancomycin / ceftazidime
Staphylococcus aureus
Enterobacteriaceae
Pseudomonaceae

* Suggested antimicrobial therapy for initial empiric treatment; antibiotic selection will vary depending on clinical situation and culture results.
† Recommended antibiotic dosages for a 70-kg patient (dosing may need adjustment in patients with underlying renal or liver disease): penicillin, 2–4 million

units iv q4h; metronidazole, 500 mg iv q6h; cefotaxime, 1–2 g iv q4–8h (maximum dose, 12 g/d); ceftazidime, 1–2 g iv q4–8h (maximum dose, 12 g/d);
nafcillin, 2 g iv q4h; vancomycin, 1 g iv q12h.

‡ Demonstrated efficacy in two studies with limited numbers of patients.

Experimental models of brain abscess have increased our important in subsequent discussions about antimicrobial ther-
apy and the timing (and nature) of surgical intervention.understanding of the neuropathology and the clinical evolution

of these lesions. With use of CT scanning techniques, a series
of stages has been described that parallels the human situation
[9]. In the ‘‘early cerebritis stage’’ (days 1–3), direct inocula- Clinical Presentation
tion of organisms into brain parenchyma leads to a focal area

The clinical presentation of brain abscess is influenced by aof inflammation and edema. Expansion of the cerebritis and
number of factors including the size and location of the abscess,the beginning development of a necrotic central focus are seen
the virulence of the infecting organism(s), and the presence ofin the ‘‘late cerebritis stage’’ (days 4–9). The establishment
any underlying systemic conditions. In a typical case of pyo-of a ring-enhancing capsule of well-vascularized tissue with
genic brain abscess, headache is clearly the most commonearly appearance of peripheral gliosis and/or fibrosis is seen in
presenting symptom and is seen in almost all patients who arethe ‘‘early capsule stage’’ (days 10–14). Finally, during the
able to give a history. The nature of the headache has no‘‘late capsule stage’’ (beyond day 14), host defenses act to
particular distinguishing features, although it is often character-wall off the abscess, and a well-formed capsule develops. Al-
ized by a dull aching that is poorly localized. This initial,though the mechanisms and timing of these events in humans
somewhat nonspecific presentation accounts for the frequentmay be different, findings with use of modern scanning tech-

niques suggest a similar progression, and these insights are delays in diagnosis and the difficulty in distinguishing early
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brain abscess from more common causes of headache. An ex-
tremely severe headache of abrupt onset is less commonly seen
and is more likely to be a symptom of acute bacterial meningitis
or subarachnoid hemorrhage. Rupture of the brain abscess into
the ventricular space is often fatal and presents as sudden wors-
ening of a preexisting headache accompanied by new onset of
meningismus [10]. Other signs of increased intracranial pres-
sure (nausea, vomiting, drowsiness, lethargy, and stupor) may
occur and suggest an advanced case that requires immediate
attention.

A common misconception among physicians concerns the
frequency with which fever is found during the initial clinical
presentation of brain abscess. In some series fever occurs in
õ50% of cases, and its absence should not be used to exclude
the diagnosis [11, 12]. The presence of focal neurological find-
ings (e.g., hemiparesis, hemisensory deficits, aphasia, and
ataxia) depends on the location of the abscess, and these find-
ings are seen in approximately one-third to one-half of cases.
Papilledema is present in £25% of cases and signifies serious
intracranial hypertension mandating immediate CT scanning
and neurosurgical consultation. Infections of the cranial vault
(dental abscess, otitis media, or sinusitis) may be a clue to the
underlying diagnosis and should be sought in any suspected
case. The infrequency and nonspecific presentation of brain

Figure 1. CT scan with intravenous contrast of the brain of a 47-
abscess account for the ease with which it may be overlooked. year-old diabetic male who presented with headache and right-sided
Unfortunately, the prognosis is much poorer for patients who hemiparesis; an irregular 4.0 1 5.0-cm ring-enhancing lesion is evi-
present with significant alterations in mental status, and a high dent in the left occipital lobe, consistent with a brain abscess.
index of suspicion is necessary to recognize the condition as
early as possible [13].

Similar to the clinical symptomatology and physical exami- apy before surgery is performed; however, therapy can often be
nation findings, there are no laboratory data that are pathog- delayed until diagnostic needle aspiration has been attempted in
nomic of brain abscess. Patients frequently have normal leuko- patients who are clinically stable. Although the incidence of
cyte counts, and the erythrocyte sedimentation rate—while sterile cultures is higher for patients who have already received
usually elevated—is sometimes normal. Blood cultures are antimicrobial therapy, any material obtained should still be sent
commonly negative but should be performed, as they may to the laboratory for culture and gram staining. A positive gram
occasionally yield the pathogen. Review of the records of hos- stain may help guide therapy even when a culture is negative.
pitalized patients may uncover evidence of a previous bacter- Careful attempts to obtain material for culture are important,
emia or infection that may be responsible for the current brain since a knowledge of the etiologic agent may allow for more
abscess. Performance of lumbar puncture in patients with brain thoughtful and targeted antimicrobial therapy.
abscess is potentially dangerous and rarely provides useful clin-
ical information. The risk of brainstem herniation following
lumbar puncture in such patients is significant and generally Imaging Studies
outweighs the benefit of any laboratory information obtained
[12]. Examination of CSF usually shows a nonspecific elevated The availability of CT and MRI scanning has clearly revolu-

tionized the diagnosis and management of brain abscess [17,protein level and cell count, but these parameters may be nor-
mal; CSF cultures are positive only in rare cases. 18]. The use of intravenous iodinated contrast material for

CT scanning helps demonstrate lesions not visualized with aCareful culturing of abscess material obtained at the time of
surgery provides the best opportunity to make a microbiological noncontrast scan. On a CT scan (figure 1), early cerebritis

appears as a focal area of edema (hypodensity) that enhancesdiagnosis. When meticulous attention is paid to the proper
handling of clinical specimens, the culture yield has approached following injection of intravenous contrast material. Further

evolution of the process results in the appearance of the classic100% in some studies [11, 14]. This result is related to im-
proved anaerobic transport techniques and prompt plating of ring-enhancing lesion associated with a mature brain abscess.

Although such a pattern suggests the development of a periph-infected material on appropriate culture media [15, 16]. A pa-
tient’s clinical condition sometimes requires institution of ther- eral capsule, care should be exercised in overinterpreting the
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scesses appear hypointense and show ring enhancement
following administration of intravenous gadolinium. On T2-
weighted sequences, the typical mature brain abscess has a
hyperintense central area of pus surrounded by a well-defined
hypointense capsule and surrounding edema (figure 3). These
features allow staging of the lesion and suggest that a well-
developed abscess is more likely to contain purulent material
when surgical drainage is attempted. Serial weekly or biweekly
CT or MRI scanning provides the necessary information on
the response to therapy and aids in the timing of repeated
surgery, should it be necessary. Review of the scans with a
neuroradiologist and neurosurgeon may provide additional in-
sights into the management of a specific case.

Radionuclide brain scans have been largely replaced by CT
and MRI scanning in the diagnosis of brain abscess. Indium-
III-labeled leukocyte scanning may allow differentiation of
brain abscess from tumor in questionable cases, although tu-
mors may occasionally yield false-positive results [21, 22].
Thallium-201 brain single photon emission computed tomog-
raphy (SPECT) has shown promising results for differentiat-
ing toxoplasma encephalitis from intracerebral lymphoma in
patients with AIDS [23]. The usefulness of SPECT scanning
for diagnosing pyogenic brain abscess is unclear, since there
has been a case report of a false-positive scan for a patient

Figure 2. T1-weighted MRI scan of the brain of the patient in
with this condition [24].figure 1, obtained after administration of an intravenous gadolinium

contrast agent; a thin-walled, irregular, septated capsule (with contrast
enhancement) with central hypointensity is evident.

scan; such a pattern may also occur in the cerebritis stage,
before a significant collection of pus has developed [19]. In
cases of suspected cerebritis, a delayed repeated scan (obtained
30–60 minutes later) will often show ‘‘filling in’’ of the central
hypodense area by contrast material. This finding suggests that
the lesion is still in the cerebritis stage, and a central, necrotic
area has yet to develop.

A common problem is the difficulty in differentiating meta-
static brain abscess from metastatic tumor lesions [20]. Brain
abscesses are frequently located in watershed regions between
vascular distributions. These abscesses have hypodense centers
surrounded by smooth, regular thin-walled capsules with areas
of peripheral enhancement. After injection of intravenous con-
trast medium, tumors are more likely to appear as areas with
irregular borders and diffuse enhancement. Although neuro-
radiologists may predict pathology on the basis of scan appear-
ances, brain tumors can completely mimic brain abscess, and
pathological confirmation may be required for definitive ther-
apy if uncertainty remains. We have seen patients with radio-
logical diagnoses of ‘‘multiple brain metastases’’ who received
radiation therapy and who were later found to have multiple
brain abscesses.

MRI scanning demonstrates soft-tissue resolution and im- Figure 3. T2-weighted MRI scan of the brain of the patient in
aging detail that are superior to those achieved with CT scan- figure 1 shows a hyperintense abscess cavity surrounded by a hypoin-

tense capsule (arrow) and surrounding edema (hyperintense on scan).ning [18]. On T1-weighted sequences (figure 2), brain ab-
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Therapy The high incidence of S. aureus in brain abscesses due to
open brain injury merits a brief course of prophylactic antibiot-The treatment for brain abscess is a team approach, with
ics at the time of the initial surgery [26]. More prolongedcollaboration between an infectious diseases specialist, neurol-
therapy may select for more virulent organisms and should notogist, neuroradiologist, and neurosurgeon. Modern imaging
be administered unless a brain abscess is strongly suspected.techniques allow early recognition of cerebritis and/or abscess
Infection with facultative gram-negative organisms or Clostrid-and permit rapid and precise localization of brain lesions that
ium species [27] may also be seen in this situation if the woundrequire surgical intervention. Stereotactic needle aspiration per-
has been significantly contaminated with soil at the time of themits therapeutic drainage and provides diagnostic specimens
injury. Brain abscesses associated with neurosurgical proce-for culture and special studies. Empirical antimicrobial therapy
dures are fortunately rare, and when they occur they are usuallycan be started on the basis of gram stain results and the pre-
due to Staphylococcus epidermidis [28]. Vancomycin therapysumptive source of the abscess. Serial imaging studies permit
should be part of the initial regimen in such cases until culturemonitoring of therapeutic response and identify recurrent or
results are available.secondary lesions that require repeated drainage. No random-

Appropriate antimicrobial therapy for brain abscess dependsized controlled trials of therapies for brain abscess have been
on choosing antibiotics that are able to penetrate the abscessconducted because brain abscesses are relatively uncommon.
cavity and have activity against the suspected pathogens. Al-Despite these limitations, reasonable recommendations regard-
though there are considerable data on CSF antimicrobial levelsing therapy can be based on the results of retrospective studies
in cases of bacterial meningitis, there is limited informationand previous clinical experience.
available on antimicrobial penetration into brain abscess cavit-Antimicrobial therapy. Brain abscesses are frequently po-
ies. Some studies suggest that the blood-brain barrier is differ-lymicrobial, and the most common etiologic organisms in clini-
ent than the blood-CSF barrier, and reliable predictions of intra-cal series have been microaerophilic streptococci (viridans
cavity antimicrobial levels cannot always be made on the basisstreptococci) and anaerobic bacteria [2]. Additional organisms
of CSF levels [29].such as Staphylococcus aureus and facultative anaerobic gram-

Relatively few studies have been done that measure antimi-negative bacteria (e.g., the Enterobacteriaceae) are also seen,
crobial concentrations within brain abscess cavities, and mostdepending on the underlying source (table 1). Initial antibiotic
of these studies contain limited numbers of patients. High-dosecoverage for all these organisms should be considered for criti-
penicillin G reaches measurable therapeutic concentrationscally ill patients. In most cases, attempts to biopsy the lesion
within brain abscess pus in most situations despite the drug’sto obtain a specimen for culture are essential, since the isolation
relatively poor CSF penetration. Although penicillin G is usu-of pathogenic bacteria allows for more selective antimicrobial
ally effective against susceptible organisms, in some cases ittherapy. The recommendations in table 1 should be considered
may be inactivated in pus, and bacteria may still be culturedguidelines until more definitive microbiological data are avail-
despite adequate drug concentrations [2]. Limited data areable; optimal selection of antimicrobial therapy will often vary
available on penetration of the semisynthetic penicillins (e.g.,depending on the circumstances of individual cases.
oxacillin and nafcillin) into abscess fluid; however, some stud-Brain abscesses that arise from intracranial extension of sinus
ies suggest that levels of these drugs may be variable [30]. Atinfection are usually due to microaerophilic streptococci (e.g.,
the present time, there are no clinical data that would preclude‘‘Streptococcus milleri’’ group) and anaerobic organisms (e.g.,
use of the semisynthetic penicillins in the treatment of brainBacteroides species, Fusobacterium species, and anaerobic
abscess as long as the pathogenic organism is susceptible.streptococci). In this situation, combination therapy with high-

First-generation cephalosporins (e.g., cefazolin) have rela-dose penicillin G (10–20 million units per day) and metronida-
tively poor CNS penetration and are not recommended for thezole is recommended. Some specialists add a third-generation
treatment of brain abscess. Although vancomycin generally hascephalosporin (e.g., cefotaxime) to provide coverage for
poor CSF penetration (CSF levels are õ10% of serum levels),Haemophilus species or rare facultative anaerobic gram-nega-
in a recent case of S. aureus brain abscess, the drug demon-tive bacteria. Brain abscesses associated with a dental proce-
strated excellent penetration into brain abscess fluid (90% ofdure or dental abscesses may contain a greater variety of organ-
serum levels) following prolonged therapy [31]. Although theisms (including Actinomyces species) but should respond to
presence of a tumor in this case may have increased the penetra-similar antimicrobial regimens [25]. When brain abscess arises
tion of vancomycin into the patient’s brain, this report doesfrom an otitic source, coverage for Enterobacteriaceae and
provide support for vancomycin’s use in the treatment of brainPseudomonas aeruginosa should be included because these
abscess.organisms are sometimes found in brain abscess associated

For many years, chloramphenicol was the standard of ther-with chronic ear infection. The microbiology of metastatic
apy for brain abscess because of this drug’s antimicrobial spec-brain abscess that occurs following bacteremia depends on the
trum, excellent oral absorption, and good CNS penetration.original source of the bacteremia. The initial antimicrobial cov-
Although it remains an effective antibiotic for this condition,erage should be chosen with knowledge of the likely pathogens

at the suspected site of entry. its lack of bactericidal activity and potential side effects make
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it a less attractive agent for first-line therapy. Metronidazole for CNS infections should probably be limited to the treatment
of brain abscess due to more-resistant pathogens when fewhas an excellent pharmacokinetic profile, with good oral ab-

sorption and excellent penetration into CSF and brain abscess other therapeutic options are available. Meropenem is a new
carbapenem antimicrobial that is related to imipenem. It has acavities [32]. Metronidazole’s excellent bactericidal activity

against strict anaerobes makes it an important component of similar broad antimicrobial spectrum and is reportedly associ-
ated with a lower incidence of neurotoxicity. A recent casemost antimicrobial regimens for brain abscess. It should be

used in combination with an antibiotic active against microaer- report documented its use in the successful treatment of an
Enterobacter cloacae brain abscess in a 7-year-old child withophilic streptococci (e.g., penicillin), since polymicrobial infec-

tion is common in cases of brain abscess, and streptococci and leukemia [44]. Although limited data are available, meropen-
em’s usefulness in the treatment of bacterial meningitis sug-aerotolerant anaerobes are resistant to metronidazole. Since

neurotoxic side effects (seizure, somnolence, and peripheral gests that the drug may play a useful role in therapy for brain
abscess, particularly in cases due to more-resistant pathogensneuropathy) may occasionally occur during therapy with metro-

nidazole, careful attention should be paid to dosing in patients [45]. Additional studies are needed before it can be recom-
mended for routine cases.with hepatic failure.

The specific role of the newer antimicrobial agents in the Quinolones have good CNS penetration and have shown
excellent antibacterial activity against gram-negative faculta-management of brain abscess is evolving, but recent studies

suggest that these drugs may be acceptable alternatives in many tive anaerobes such as Enterobacteriaceae and Pseudomona-
ceae. A recent case of salmonella brain abscess in an infantsituations. Third-generation cephalosporins are attractive be-

cause of their CSF penetration and their usefulness in the treat- who did not respond to treatment with cefotaxime and chloram-
phenicol was successfully treated with ciprofloxacin [46]. Al-ment of bacterial meningitis. Cefotaxime is active against many

of the bacteria that cause brain abscess, and it penetrates into though quinolones are promising alternatives for the treatment
of brain abscess, they should be used with some caution be-brain abscess cavities in concentrations greater than the MIC50

for most pathogens [33]. Desacetylcefotaxime, a more lipo- cause they can lower seizure thresholds.
Despite the limited clinical experience, the newer antimicro-philic metabolite of cefotaxime, also has antibacterial activity

and accumulates within abscess cavities to an even greater bial agents clearly offer additional options and possibly in-
creased efficacy for the treatment of brain abscess. Recentdegree than the parent compound. High-dose cefotaxime (3 g

given intravenously t.i.d.) has been effective in the treatment trends towards increased use of home intravenous antimicrobial
therapy and oral antimicrobial therapy will undoubtedly in-of brain abscess when used in combination with metronidazole

[34, 35]. crease the use of some of these agents in the future.
The appropriate duration of antimicrobial therapy for brainMoxalactam has excellent antianaerobic activity and has

been found to be efficacious in the treatment of brain abscess abscess remains unclear. A 6–8-week course of parenteral anti-
biotics has traditionally been recommended, provided that thein a series of 10 patients who received the drug intravenously

(1 g q8h) in conjunction with repeated needle aspirations for etiologic organisms are susceptible and adequate surgical drain-
age can be established. Some investigators believe that in cer-therapeutic drainage [36]. Good intra-abscess levels (mean

level Å 4.18 mg/mL; range Å 0–10.9 mg/mL), which increased tain situations, shorter courses of treatment may be possible.
Sjölin et al. [34] recently suggested that a 3-week course ofwith repeated administration and more prolonged therapy, were

achieved in this study. However, the potential for vitamin K– parenteral therapy may be adequate in some cases. In this study
[34], all patients were treated with surgical excision in additionrelated bleeding disorders that is associated with high-dose

moxalactam therapy may limit the usefulness of this drug for to antimicrobial therapy, and the outcomes for these patients
cannot automatically be extrapolated to patients treated withbrain abscess.

Ceftazidime has also been used in the treatment of brain different regimens. Decisions about length of therapy need to
be made on a case-by-case basis and depend upon factors suchabscess, and one trial has demonstrated that this drug has good

penetration into abscess cavities, with levels high enough to as the antimicrobial susceptibilities of the infecting organism,
size of the abscess, adequacy of surgical drainage, and theprovide bactericidal activity against most pathogens [37]. Both

ceftriaxone and ceftizoxime have been used successfully in the patient’s response to therapy, as determined clinically or radio-
graphically. Pending further clinical studies, in most cases atreatment of relatively small numbers of patients; the efficacy

of these drugs would be expected to parallel that of cefotaxime, prolonged course (6–8 weeks) of parenteral antimicrobial ther-
apy is indicated, especially in cases where the adequacy ofalthough limited data are available [38]. A study of ampicillin/

sulbactam demonstrated therapeutic success in the treatment surgical drainage is unclear.
Although the efficacy and necessity of additional therapyof 11 patients with brain abscess; intracavitary antimicrobial

levels were variable but adequate in most cases [39]. are unclear, many clinicians would recommend an additional
2–3 month course of oral antimicrobial therapy to clear up anyImipenem has been used successfully in the treatment of

both cerebral nocardiosis [40] and pyogenic brain abscess [41, ‘‘residual’’ infection and prevent relapse. The antimicrobials
selected should have predictable oral absorption and good CSF42]. Because of this drug’s reported neurotoxicity [43], its use
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penetration, if possible, and selection of the antibiotic(s) should For the freehand procedure, a preoperative CT scan must
be obtained to initially plan localization with the placementbe based on available culture and susceptibility results. Follow-

up should include clinical examinations and serial CT or MRI of scalp markers over the approximate location of the abscess.
A repeated scan obtained with the scalp markers in placescans (obtained bimonthly or monthly) to document resolution

of the abscess. Although most lesions completely disappear allows exact localization of the underlying lesion. The scalp
overlying the abscess is prepared sterilely, and a small inci-when therapy is prolonged, a small area of enhancement on

the CT scan may remain despite adequate therapy [17]. sion is infiltrated with local anesthetic. A 5-mm incision is
made precisely over the abscess, and a twist drill (4 –5 mmThere have been a number of more-recent case reports dem-

onstrating successful nonoperative treatment of brain abscess bore) is used to make a small hole in the cranium, just deep
enough to penetrate the dura. A 13-gauge (3-mm bore) Field-with antibiotics alone [47–49]. This approach may be appro-

priate for clinically stable patients who are poor candidates for Lee brain-biopsy needle is placed through the incision, paral-
lel to the plane of the CT scanner, and advanced a predeter-surgery or for patients with surgically inaccessible lesions.

Small lesions (õ2 cm) located in the better-vascularized corti- mined distance (measured on the CT monitor) into the abscess
cavity. The exact position of the biopsy needle in the abscesscal areas are more likely to respond to antibotics alone [50,

51]. The major drawbacks to this approach appear to be the is confirmed by obtaining a repeated CT scan through the
area of interest. The biopsy needle can be repositioned oruncertainties (and potential toxicities) involved in prolonged

administration of empirical antimicrobial therapy and the possi- redirected if necessary.
A liquefied brain abscess under pressure will often drainbility of serious clinical deterioration (e.g., intraventricular rup-

ture of the brain abscess) if surgery is delayed. Cases treated spontaneously after the biopsy needle stylet is removed; how-
ever, some gentle aspiration or saline irrigation may be requiredin this manner may require more-prolonged parenteral treat-

ment (up to 12 weeks in some cases), and follow-up should to obtain a satisfactory biopsy specimen and to achieve drain-
age. The risks of hemorrhage or other complications of needleinclude careful clinical and radiographic monitoring. Although

selected patients may be candidates for empirical antimicrobial biopsy procedures are generally quite low. Repeated drainage
procedures can be performed by using the same techniques iftherapy, we believe that an approach that includes diagnostic

and therapeutic needle aspiration is more likely to lead to a an abscess recurs or a new abscess appears on subsequent CT
scans. An advantage of this technique is that the entire proce-shorter overall course of treatment.

Surgical procedures: general considerations. The surgical dure can be done in the CT suite within a relatively short period
of time without the highly specialized equipment needed for amanagement of pyogenic brain abscesses has evolved signifi-

cantly in recent decades because of advances in medical therapy formal stereotactic procedure in the operating room.
A formal stereotactic biopsy and drainage procedure shouldand the development of more precise and less-invasive surgical

techniques. Surgical treatment of brain abscess previously re- be performed for abscesses located in deeper critical regions
(e.g., the brainstem, cerebellum, or diencephalic structures ad-quired open craniotomy and drainage or excision of the lesion

[52]. This procedure has largely been replaced by a minimally jacent to the ventricle) [38, 52–54]. This type of stereotactic
procedure requires considerable planning in advance and spe-invasive, closed-drainage procedure performed under local an-

esthesia and mild sedation (e.g., with midazolam or morphine) cialized equipment. It involves attaching a frame to the patient’s
head, and the patient undergoes CT or MRI scanning to acquireand CT scanner guidance [38, 53–55]. Two different tech-

niques of closed-needle biopsy can be performed. Both require the localizing coordinates necessary for computer-generated
targeting of the lesion. Patients are usually transferred to theCT guidance, but the more precise (1–2-mm accuracy) ‘‘ste-

reotactic’’ procedure requires that a frame be attached to a operating room with the head frame in place, and the stereotac-
tic procedure is performed with computerized assistance underpatient’s head to permit targeting of individual lesions. This

procedure necessitates special equipment and requires up to 24 the direction of a neurosurgeon. More recently, frameless ste-
reotactic technology has been developed that allows similarhours to arrange and coordinate.

The ‘‘freehand’’ procedure is performed in the CT scanner CT or MRI targeting of the lesion on the basis of the surface
anatomy of the head. This technology eliminates the need forby using scalp markers for localization and has an accuracy

of 4–5 mm. This biopsy requires common, readily available a frame to be attached to patients’ heads [56].
Open craniotomy for therapeutic aspiration or abscess exci-equipment and can be accomplished on an emergency basis in

Ç1 hour. Abnormal results of clotting studies and the presence sion requires general anesthesia and is now performed infre-
quently as a result of the development of the closed drainageof thrombocytopenia are contraindications to performing a

closed brain-biopsy procedure, and these abnormalities must and aspiration techniques described above. Complete excision
of the abscess and the surrounding capsule appears to be re-be corrected before any surgical procedure is attempted. Since

the majority of brain abscesses occur superficially over the quired only in patients with multiloculated abscesses (for whom
closed-needle aspiration procedures have failed) or in casesconvexities of the hemispheres, a closed, minimally invasive

needle biopsy procedure can be effectively performed in many due to more-resistant pathogens (e.g., fungi or Nocardia spe-
cies). Some authors have recommended the placement of drainscases.
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into the abscess cavity for postsurgical drainage and antibiotic large abscesses located close to the ventricular system may
benefit from early surgical intervention to prevent intraven-irrigation [57, 58]; however, this procedure is probably not

necessary in most cases, given the current availability of more tricular rupture.
Adjunctive therapy. The use of corticosteroids to controlpowerful antimicrobial therapy. Intracavitary administration of

antimicrobials may be of value only in patients with large, the cerebral edema associated with brain abscess has not been
studied in humans in a well-controlled, randomized clinicalpoorly resolving abscesses that remain culture positive despite

the administration of parenteral therapy [57, 59]. Intracavitary trial. Studies of the use of corticosteroids in experimental ani-
mal models of brain abscess have provided potentially conflict-amphotericin B may also be of use for the treatment of fungal

brain abscess [60]. ing results. An early study of corticosteroid use in a model of
S. aureus brain abscess showed that administration of dexa-Recent studies suggest that needle aspiration is as effective

as abscess excision in the management of most cases of brain methasone interfered with granulation tissue formation as well
as bacterial clearance [62]. A later study showed that the useabscess [13, 55, 61]. In the modern era, most patients can

be treated initially with closed-needle aspiration, and surgical of corticosteroids tended to reduce the concentration of certain
polar antibiotics (e.g., benzylpenicillin) in infected tissue [63];excision can be reserved for abscesses that fail to resolve or

that are caused by resistant pathogens. more-lipophilic antimicrobials (e.g., metronidazole) were not
affected by corticosteroid use.The availability of CT scanning and modern stereotactic

techniques has greatly enhanced the detection of multiple A more recent trial on the effect of dexamethasone in experi-
mentally induced brain abscess showed some delay in collagenbrain abscesses [50, 51]. In the era before the advent of CT

scanning, this condition was associated with high mortality deposition (resulting in a thinner abscess wall at 8 days); how-
ever, there was no significant adverse effect on ultimate abscessand frequently remained unrecognized until autopsy. More-

recent studies suggest that survival rates for patients with wall thickness, the extent of the inflammatory process, or the
overall mortality [64]. Antimicrobials were not administeredmultiple abscesses are similar to those for patients with single

abscesses [51]. Although modern stereotactic techniques per- in this study, making the results regarding the effect of cortico-
steroids on the efficacy of antimicrobial therapy difficult tomit greater surgical access to brain abscesses, it may be not

be feasible to drain all lesions, and successful therapy may interpret. A review of several clinical series showed no signifi-
cant difference in patient outcome regardless of the use ofdepend on the resolution of multiple lesions with antimicro-

bial therapy alone. corticosteroids [12, 13, 65].
Corticosteroids may be beneficial in patients with raisedAntimicrobial treatment of small or inaccessible abscesses

is more likely to be successful if the identity of the patho- intracranial pressure and potentially life-threatening complica-
tions such as impending cerebral herniation. High-dose cortico-gen(s) has been determined after diagnostic needle aspiration

of a larger, more-accessible lesion has been performed. Ma- steroid therapy (e.g., intravenous or oral dexamethasone, given
in a dosage of 10 mg q6h) is given initially and is tapered overmelak et al. [51] recommend needle aspiration of all large

lesions (those ú2.5 cm) and prolonged (6– 8 weeks) intrave- 3–7 days after the patient’s condition stabilizes. A short course
of high-dose corticosteroids is generally safe but should proba-nous antimicrobial therapy that is based on culture results

obtained at the time of the initial aspiration. Small (õ2.0 bly be reserved for patients with life-threatening cerebral edema
or impending cerebral herniation. Prolonged use of cortico-cm) cortical lesions detected at an early cerebritis stage may

respond to antimicrobials alone. Alternatively, deep subcorti- steroids should be discouraged, since corticosteroids may de-
crease antimicrobial penetration or impair clearance of certaincal white-matter lesions are believed to have a poorer blood

supply and more frequently require surgical intervention [50]. pathogens such as Nocardia species. Severe brain edema may
necessitate the administration of intravenous mannitol and intu-Careful follow-up of lesions with serial CT scans (obtained

weekly during the initial phase) allows reevaluation of ther- bation with forced hyperventilation (i.e., maintenance of PCO2

at 30–35 mm Hg) to treat significant elevations in intracranialapy and consideration of further surgical intervention if a
patient’s condition clinically deteriorates or an abscess en- pressure. In rare cases, placement of a ventriculostomy catheter

for CSF drainage to relieve intracranial pressure may provelarges.
Intraventricular rupture of a brain abscess represents a seri- lifesaving.

Seizures are frequent complications of brain abscess andous complication that is associated with an extremely high
(ú80%) mortality rate. Treatment is difficult; one group [10] may occur in 25%–50% of cases during the initial period

of hospitalization. Acute seizures are treated with intravenoushas recommended an aggressive approach that includes open
craniotomy with debridement of the abscess cavity. This pro- lorazepam in 1-mg doses until they stop, and anticonvulsants

(e.g., diphenylhydantoin or carbamazepine) are administeredcedure is followed by placement of a ventriculostomy cathe-
ter, which permits external drainage and allows intrathecal to prevent further seizures. For patients with no history of

seizures, it is our practice to administer anticonvulsants prophy-administration of antimicrobials. Delays in the diagnosis of
brain abscess and failure to initiate timely surgical interven- lactically during the early stage of treatment and for a minimum

of 3 months after surgery. Whether seizure prophylaxis shouldtion are risk factors for this complication. Patients who have
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be continued for longer periods is a question that is difficult often afebrile, and neurological signs and symptoms may be
more suggestive of tumor or demyelinating disease. The classicto answer.

For patients followed up for long periods (£30 years in one findings of a well-defined brainstem syndrome are frequently
lacking because the abscess is more likely to extend longitudi-study), the incidence of subsequent seizures approached 70%

[66]. We currently recommend that patients undergo neurologi- nally along fiber tracts in the brainstem rather than expand
transversely. The microbiology of brainstem abscesses is simi-cal evaluations several months after antibiotic treatment of the

abscess is completed and the symptoms have resolved. If the lar to that of cortical pyogenic abscesses. In countries with a
high prevalence of tuberculosis, there is an increased incidenceresults of an electroencephalogram are normal, consideration

can be given to slow withdrawal of medication, with close of brainstem abscess due to Mycobacterium tuberculosis [69].
This entity is quite rare in developed countries but should beobservation for the recurrence of seizures. Patients whose elec-

troencephalograms are markedly abnormal should probably considered in patients from areas where tuberculosis is en-
demic. Brainstem infection with organisms such as Listeriacontinue taking medication indefinitely. These decisions should

be made in consultation with a neurologist and neurosurgeon monocytogenes and Propionibacterium acnes may produce
brainstem encephalitis (rhomboencephalitis) that closely mim-who are observing the patient. Although some authors have

suggested that the incidence of seizures is higher among pa- ics a brainstem abscess [70].
MRI scanning is essential for the diagnosis of brainstemtients who have undergone open craniotomy with abscess exci-

sion (rather than needle aspiration), more recent series have abscess because MRI scanning is the best technique for imaging
the brainstem and posterior fossa. Stereotactic needle aspirationdemonstrated no clear evidence that either technique of surgical

management is more likely to result in long-term seizures of a brainstem abscess, followed by prolonged antimicrobial
therapy, appears to be the treatment of choice and has resulted[55, 61].
in remarkably good clinical outcomes in several reports [54,
71]. Individual case reports of brainstem abscesses treated with

Special Clinical Situations
prolonged (£12 weeks in some cases) parenteral antimicrobial
therapy alone suggest that this approach may also be successfulCerebellar and brainstem abscesses. Cerebellar abscesses

are most commonly associated with chronic ear infection and in some patients [49, 72]. Nevertheless, in general we believe
that in most cases it is best to identify the pathogen and thatmastoiditis. Improved treatment of children’s ear infections

during the past few decades has led to a decreasing incidence surgical drainage should be performed if possible.
Posttraumatic abscess. Brain abscess that develops fol-of both temporal-lobe and cerebellar abscesses. Although cere-

bellar abscesses occur most commonly during childhood and lowing head injury is an uncommon complication that is most
often seen in patients with open skull fractures or penetratingearly adulthood, some investigators have observed a bimodel

distribution of cerebellar abscess, with a second peak in the brain trauma. Brain abscess may rarely be seen in patients
who have sustained closed skull fractures, especially thosesixth decade of life [67]. A clinical presentation with classical

cerebellar neurological findings (ataxia, nystagmus, and cranial with associated dural tears or those in whom residual intrace-
rebral bone fragments or debris is present [17]. Patients withnerve findings) may be seen; however, patients more commonly

present with nonspecific symptoms of nausea, vomiting, and penetrating brain injury should undergo early operation with
thorough wound debridement and closure of dural tears. Aheadache [67, 68]. Cerebellar abscesses may be poorly visual-

ized on CT scans because of the presence of bony artifacts brief course of perioperative antibiotics should be given as a
prophylactic measure; however, there is no reason to givefrom temporal bone structures; MRI scanning is more accurate

and should be performed for all patients with a suspected poste- patients a prolonged course of antimicrobials unless active
infection is a serious possibility. With the institution of theserior fossa lesion.

The appropriate management of cerebellar abscess is slightly measures, the incidence of intracranial infection (meningitis
and brain abscess) following head trauma has been surpris-controversial. The authors of older studies have recommended

posterior fossa craniotomy with total excision of the abscess ingly low.
For the small percentage of patients who develop posttrau-[68]. In a more recent series, it was suggested that needle

aspiration (combined with high-dose intravenous antibiotics) is matic brain abscess, there is often a significant delay from the
time of injury until the abscess is recognized. One study showedeffective in most cases [67]. The decision about the appropriate

surgical approach is often dictated by the presenting symptoms a mean interval of 113 days from the time of injury until the
diagnosis of brain abscess [26]. This may be related to theand the rate of progression. The small volume of the posterior

fossa raises the concern for cerebellar or brainstem herniation; difficulty in distinguishing posttraumatic brain edema and
necrosis from cerebral infection. In rare cases, the site of brainimmediate surgical decompression should be performed for

comatose patients or those with signs and symptoms suggestive injury may be seeded from a postcraniotomy infection.
S. aureus is the most common pathogen recovered from post-of brainstem compression.

Brainstem abscesses are rare and have been associated with traumatic brain abscesses; however, infections due to S. epider-
midis, gram-negative bacteria (Pseudomonaceae species anda high mortality until relatively recent times [49]. Patients are
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Enterobacteriaceae species) [73], anaerobes [27], and Nocardia diversus, Proteus species, Serratia marcescens, or Enterobac-
ter species) is infrequent, it is associated with concomitantspecies [74] may also be recovered. Abscesses that develop

following trauma are frequently multiloculated and may con- brain abscess in a high percentage (ú75%) of cases [88–90].
The risk of brain abscess is sufficiently increased that childrentain foreign bodies such as bone fragments, scalp hair, or other

debris introduced at the time of injury. These features make it should be evaluated for brain abscess if they develop bacter-
emia or meningitis with these organisms. This condition has adifficult to cure this condition with antimicrobial therapy and

needle aspiration alone. Most cases require open craniotomy high associated mortality (ú75%), and the majority of survi-
vors have significant long-term intellectual impairment. Thewith abscess excision or debridement to effect a cure [26].

A special type of posttraumatic brain abscess occurs in chil- management of these cases requires aggressive surgical drain-
age in addition to antimicrobial therapy.dren who develop frontal lobe abscess following penetrating

orbital trauma from pencils or wooden toys. The seriousness Cyanotic congenital heart disease (CCHD) is a significant
predisposing factor for brain abscess in children and accountsof these injuries often goes unrecognized, since healing of the

external wound over the eye occurs rapidly, and the possibility for 6%–50% of cases in published series [91]. The highest
incidence of this complication appears to be among childrenof brain injury is initially overlooked [75, 76]. The superior

orbital roof is very thin and affords little resistance to a pene- with cardiac defects such as tetratology of Fallot or transposi-
tion of the great vessels; however, any condition resulting intrating injury into the frontal lobe. There is a high frequency

of subsequent brain abscess because foreign bodies introduced a significant right-to-left shunt appears to increase the risk.
Decreased arterial oxygenation and saturation and an increasedinto the wound at the time of injury act as a nidus for infection

[77]. Orbital CT scanning will demonstrate orbital fractures hemoglobin level (increased blood viscosity) may cause focal
areas of brain ischemia that serve as nidi for infection [92].that are missed with plain films, and MRI scanning can identify

wood fragments not seen with other imaging techniques [78]. Despite the presence of significant cyanosis, children below
the age of 2 years rarely develop brain abscess. The peakNeurosurgical and ophthalmologic consultations should be

obtained if a superior orbital fracture is suspected; in such a incidence is between 4 years and 7 years of age, although cases
of brain abscess may occur in adults with CCHD [93]. Thecase, early surgical intervention with wound debridement is

indicated to prevent frontal lobe abscess [75]. S. aureus is the most common organisms isolated are viridans streptococci (mi-
croaerophilic Streptococcus), anaerobic streptococci, and occa-most common pathogen isolated, and appropriate antimicro-

bial coverage should include a semisynthetic penicillin or sional Haemophilus species [91].
Earlier correction of the underlying cardiac defect may re-vancomycin.

Brain abscess in children. This is an uncommon problem duce the likelihood of developing brain abscess; however, pa-
tients who undergo palliative procedures that allow some de-in pediatrics; however, children under the age of 15 years

account for almost 25% of cases in some brain abscess series gree of right-to-left shunt still remain at significant risk until
total correction can be performed. The mortality associated[79, 80]. The association of temporal-lobe and cerebellar ab-

scesses with chronic otitis media and mastoiditis, discussed with brain abscess in patients with CCHD is quite high (30%–
40%), and aggressive therapy with antibiotics and surgicalpreviously, is often seen in children. The improved treatment

of ear infections in childhood has resulted in a significant de- decompression (needle aspiration or excision) should be insti-
tuted as early as possible. The trend towards early total correc-crease in the incidence of otitic brain abscess in developed

countries. In addition to drainage of the intracranial abscess, tion of congenital heart lesions suggests that brain abscess in
these patients will become less common in the future.management of these cases usually requires mastoidectomy to

prevent recurrence of the intracranial process [81]. Frontal lobe Fungal brain abscess. Fungal brain abscess is most com-
monly seen in immunocompromised patients such as those withabscess remains an important intracranial complication of acute

sinusitis in children [82–84]. For reasons that are unclear, the diabetes and those receiving corticosteroids or other immuno-
suppressive therapies [94, 95]. The clinical presentation ofdisease is most commonly seen in male adolescents. Patients

present with headache, fever, and, in some cases, alterations brain abscess in immunocompromised patients is different from
that of typical pyogenic brain abscesses. Immunocompromisedin levels of consciousness [85]. A high index of suspicion must

be maintained for this condition, since clinical findings are patients have a poor inflammatory response and are less likely
to complain of constitutional symptoms or signs such as head-often subtle and routine CT scans may initially be negative

[86]. Aggressive surgical management of both brain abscess ache or meningismus. Fever is quite common in these cases,
and neurological symptoms may be initially overshadowed byand sinusitis is necessary. Although sinus surgery may be de-

layed, experience suggests that early surgery is more likely to other signs of disseminated fungemia such as pneumonia. Overt
neurological findings such as seizure and stroke are also com-prevent relapse of intracranial infection [82–87].

Brain abscess is an uncommon problem in neonates and is mon, and their presence should suggest the possibility of cere-
bral infection in the patient at risk for such infection.only rarely a sequela of bacterial meningitis due to group B

streptococci or Escherichia coli. Although meningitis due to Lesions in immunocompromised patients detected on CT or
MRI scans, are less likely to show enhancement and sur-other facultative gram-negative organisms (e.g., Citrobacter
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rounding vasogenic edema than are similar lesions in noncom- Mucormycosis is an infection due to fungi of the order Mu-
corales, including Mucor species, Rhizopus species, and Ab-promised patients. This lack of ring enhancement on CT scan-

ning is believed to be an indication of an inadequate sidia species, and is typically seen in patients with diabetic
ketoacidosis, patients receiving corticosteroids, intravenousinflammatory response and a poor prognostic factor [19, 96].

In general, CNS fungal infection in immunocompromised pa- drug users, and patients who are severely immunocompromised
with prolonged neutropenia [105]. In diabetic patients withtients is associated with a high mortality rate despite aggressive

surgery and antifungal therapy. Nevertheless, early recognition rhinocerebral mucormycosis (diabetic ketoacidosis, orbitofacial
cellulitis, or nasal eschar), extension of the Mucor species fromof this infection can lead to successful treatment, particularly

if leukocyte counts return to normal or the dosage of immuno- infected sinuses into the vasculature of the cavernous sinus
region and frontal lobes typically produces localized cerebralsuppressive agents can be reduced.

Aspergillus species are the most common cause of fungal infarcts. A fungal brain abscess or cerebritis is a common
complication of this process, especially in patients who survivebrain abscess in transplant recipients and other severely immu-

nosuppressed patients [94, 95, 97]. Although the course of for any length of time. The presentation of mucormycosis in
patients with lymphoma or leukemia may be similar; however,the disease may be subacute or chronic in some cases, CNS

aspergillosis is usually characterized by rapid progression and CNS signs may be overshadowed by more widespread pulmo-
nary, cutaneous, or gastrointestinal involvement in these pa-a high mortality rate [98]. Because of the organism’s propensity

to cause vascular thrombosis, a clinical presentation suggesting tients [106].
Appropriate therapy for this condition involves radical surgi-ischemia, with evidence of stroke or intracerebral hemorrhage

on a CT scan, should suggest the possibility of CNS aspergillo- cal debridement in addition to aggressive antifungal therapy.
In vitro laboratory studies have demonstrated antimicrobialsis. These early lesions are easily missed on CT scans because

of minimal enhancement, but they should be readily apparent synergy between amphotericin B and rifampin; however, the
clinical benefit of combination therapy remains unproven [105].on T2-weighted MRI images. Although the organisms may

occasionally be cultured from extracerebral sites, definitive di- The mortality associated with this condition remains high, and
the chance of survival is best in cases that are recognized earlyagnosis usually requires brain biopsy.

Early recognition with surgical debridement and aggres- and are treated promptly and aggressively.
Brain abscess following CNS infection with soil-associatedsive antifungal therapy may result in survival if the patient’s

immune system recovers or medical immunosuppression can fungi may occur in both healthy hosts and immunocompro-
mised patients. Coccidioides immitis usually causes chronicbe modified. Although amphotericin B is the treatment of

choice, therapy with combination antifungal agents (e.g., am- meningitis, but brain abscess due to this fungus may be seen
in diabetics and other immunocompromised patients [107]. In-photericin B plus flucytosine or amphotericin B plus rifam-

pin) is often recommended on the basis of in vitro synergy fection due to both Blastomyces dermatitidis [108] and His-
toplasma capsulatum [109, 110] can present as an isolateddata [96]. The standard surgical management of these cases

includes open craniotomy with aggressive debridement [61, brain abscess or as a brain abscess that is part of a systemic
infection. Brain abscess following infection with dematiaceous96]; however, recent case reports suggest that some individu-

als may respond to stereotactic drainage alone in combination fungi and related species in both healthy and immunocompro-
mised hosts has been well described [111]. Organisms suchwith high-dose antifungal therapy [99]. The use of newer

agents such as liposomal amphotericin B and itraconazole as Xylohypha bantiana (Cladosporium trichoides) [112–114],
Fonsecaea pedrosoi [115] and Scedosporium apiospermummay offer some advantages in treating patients with intracran-

ial aspergillosis, but experience with these regimens is quite (Pseudallescheria boydii) [116, 117] typically produce brain
abscess following CNS infection. A history of exposure to soillimited, and no definitive recommendations can be made at

the present time [100]. or organic material may be a risk factor for this type of infec-
tion. Efforts to obtain tissue for culture and microscopic exami-Candidiasis of the CNS typically presents as meningo-

encephalitis with diffuse brain microabscesses that are usually nation are vital, since some of these organisms (e.g., P. boydii)
may be resistant to amphotericin B and require alternativetoo small to be seen on CT or MRI scans. Macroabscesses due

to Candida species are quite uncommon but may be seen in antifungal agents.
Multiple fungal pathogens may be seen in the same patientboth transplant recipients [94] and nonimmunocompromised

patients who develop intravenous catheter–associated who is immunocompromised. In a recent report of a bone
marrow transplant recipient with both CNS and pulmonaryfungemia [101, 102]. Treatment with aggressive surgical de-

bridement and antifungal therapy (e.g., amphotericin B plus findings, the authors described the isolation of multiple patho-
gens including F. pedrosoi in a lung biopsy specimen, Aspergil-flucytosine) may be successful if it is instituted promptly. The

role of fluconazole in the management of CNS candidiasis is lus fumigatus from a nasal swab specimen, and Emericella
nidulans from a brain biopsy specimen [118]. Empirical anti-unclear, but case reports indicate the utility of the drug [103]

as well as the potential for the development of fungal resistance fungal therapy based on the nasal swab culture results alone
may have been misleading, and in cases such as this, effortsand for treatment failure [104].
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should be made to identify all potential pathogens. When infec- corticosteroids or transplant patients), ú50% of patients have
no apparent predisposing risk factor [131]. The signs and symp-tion due to these organisms presents as a brain abscess, surgical

excision and aggressive antifungal therapy are usually required toms of cerebral nocardiosis can sometimes be subtle; however,
all patients with suspected pulmonary nocardia infection shouldto achieve a cure.

Tuberculosis. M. tuberculosis is a rare cause of brain undergo brain imaging to rule out subclinical CNS disease.
The presence of cavitary lung lesions in patients at risk forabscess; however, this organism should be considered in

patients with disseminated tuberculosis or in individuals nocardiosis should prompt aggressive attempts to obtain spu-
tum samples to help confirm the presence of the disease. Nocar-from areas where tuberculosis is endemic. Changes in public

health policies during the 1970s and the emergence of the dia species can be difficult to culture, and they grow relatively
slowly on conventional media. If nocardiosis is suspected, theAIDS epidemic have led to a resurgence in all forms of CNS

tuberculosis, including tuberculomas and tuberculous brain laboratory should be notified so that proper measures can be
taken to isolate the organism.abscess [119 – 121]. A tuberculoma is not considered a true

abscess; it is a focal mass of dense granulomatous inflamma- The therapy for nocardia infections is difficult because pa-
tients frequently lack adequate immunologic defenses and thetory tissue that contains epithelioid cells and giant cells. A

tuberculous brain abscess (TBA) is a focal collection of pus organism is relatively resistant to many antimicrobials. Oral
sulfadiazine (6–12 g/d) remains the treatment of choice forcontaining abundant acid-fast bacilli (AFB) surrounded by

a dense capsule consisting of vascular granulation tissue. most patients. The combination trimethoprim-sulfamethoxa-
zole (TMP-SMZ) has been shown to have synergistic activityThis condition is more commonly seen in immunocompro-

mised patients who are unable to mount a granulomatous in vitro in some studies and is appropriate therapy if given in
adequate doses. Although either of these regimens is recom-inflammatory response [122, 123]. Although both conditions

may appear similar on CT images, an MRI scan permits mended as first-line therapy, there have been clear examples of
treatment failure with sulfadiazine or TMP-SMZ [132]. Animaldifferentiation because a TBA typically produces a higher-

intensity signal on T2-weighted scans than does a tubercu- models of cerebral nocardiosis have demonstrated the superior-
ity of combination antimicrobial regimens containing imi-loma [124, 125].

The possibility of tuberculoma or TBA should be consid- penem (e.g., imipenem plus TMP-SMZ or imipenem/cefotax-
ime) over treatment with cefotaxime or TMP-SMZ alone [133,ered for patients with a brain mass who have CSF findings

compatible with tuberculous meningitis or for patients who 134]. Case reports have documented the efficacy of several
combination regimens, including ceftriaxone/amikacin [135],have evidence of extracranial tuberculous disease [126]. In

some cases, such patients may have normal CSF findings, sulfadiazine/cefotaxime [136], ceftriaxone/minocycline [137],
and imipenem/amikacin [40].and the diagnosis is delayed until a brain biopsy is per-

formed. Monno et al. [127] have suggested the potential Susceptibility testing of Nocardia isolates may be helpful in
the selection of an effective regimen; however, such testingvalue of PCR testing for HIV-infected patients with sus-

pected focal intracranial tuberculosis; PCR assays of CSF has not been standardized, and in vitro test results may not
always correlate with in vivo results [138]. Mamelak et al.were positive for M. tuberculosis for all patients, even when

CSF findings were otherwise normal [127]. [131] emphasized the high mortality associated with nocardia
brain abscess (30% of immunocompromised patients with thisThe limited clinical experience with TBA makes definitive

recommendations concerning therapy difficult. Some authors infection die) and some of the complexities involved in thera-
peutic decision making [131]. Although needle aspiration wasrecommend early excision of the lesion because the thick, fi-

brotic capsule of a fully developed TBA hampers catheter successful in some cases, these authors found that craniotomy
and total excision were usually required for cure—especiallydrainage [128]. Other reports have suggested that treatment

with prolonged antituberculous chemotherapy may be ade- for immunocompromised patients or for those with large, multi-
loculated abscesses. Other reports have documented successfulquate—especially in patients who have relatively early lesions

with poorly formed capsules [122]. We recommend initial diag- treatment of nocardia brain abscess following treatment with a
combination of stereotactic needle aspiration and antimicrobialnostic needle aspiration, followed by prolonged (at least 1 year)

antituberculous chemotherapy, for patients with suspected therapy [136, 139].
Cerebral nocardiosis is associated with a high mortality andTBA. Open surgical excision may be reserved for patients with

enlarging mass lesions or for those who fail to respond to a significant incidence of relapse. Therapy with high-dose sul-
fadiazine or TMP-SMZ is appropriate for most patients, butantimicrobial therapy alone.

Nocardia brain abscesses. Nocardia brain abscess may oc- combination regimens containing imipenem or third-generation
cephalosporins should be considered for immunocompromisedcur as an isolated CNS lesion without evidence of extracranial

disease or may occur as part of a ‘‘disseminated’’ infection in patients and those for whom therapy appears to be failing. In
many cases, needle aspiration or surgical excision is requiredassociation with pulmonary or cutaneous diseases [129, 130].

Although cerebral nocardiosis is frequently seen in patients for cure. Most patients require a prolonged course (£1 year)
of oral antimicrobials to prevent relapse of the infection.with defects in cell-mediated immunity (e.g., those receiving
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Brain abscess in patients with AIDS. HIV testing should on a brain scan, in association with an appropriate exposure
history, should allow differentiation of these lesions from pyo-be considered for all patients with unexplained cerebral mass

lesions. The most common cause of a brain mass in patients genic brain abscess in most cases [151]. Serology (e.g., ELISA)
is quite sensitive and fairly specific for this condition and is ofwith AIDS is toxoplasmosis, and antimicrobial therapy (e.g.,

pyrimethamine/sulfadiazine or pyrimethamine/clindamycin) additional help in confirming the diagnosis. On rare occasions,
parasitic larvae from organisms such as Strongyloides stercor-should be started pending results of serological testing [140].

Patients who fail to respond to therapy or have negative serol- alis or Ascaris lumbricoides that are migrating through the
brain may cause a brain abscess, particularly if the larvae areogies may still have toxoplasmosis but should be reevaluated

for the presence of other infections or CNS neoplasms. In this colonized with intestinal bacteria [152]. Although extremely
rare, such a phenomenon may account for some otherwisesituation, consideration should be given to performing CT-

guided needle aspiration for establishing a definitive diagno- inexplicable cases [153].
sis. Although radiographic patterns may suggest specific
pathogens, there is considerable overlap, and it may be diffi-

Outcomecult to differentiate toxoplasmosis from other pyogenic pro-
cesses [141]. The most successful predictor of clinical outcome for pa-

Patients with AIDS will occasionally develop brain abscess tients with brain abscess is the extent of neurological compro-
due to the common bacterial pathogens [142, 143]; however, mise at the time of presentation and diagnosis. The mortality
organisms that require some component of cell-mediated im- is higher among patients with symptoms of short duration,
munity for control represent a special problem. Brain abscess severe mental status changes, and rapidly progressing neuro-
due to salmonellosis; L. monocytogenes [144], Nocardia spe- logical impairment [13]. Factors such as the size and number
cies [145], tuberculosis [119–121, 123, 125], coccidioidomy- of abscesses may play a role in outcome, but only to the extent
cosis [107], blastomycosis [146], and histoplasmosis [147] of their effect on the initial neurological status. The outcome
have all been reported in patients with AIDS. Even Trypano- is poorer and the mortality is higher for immunocompromised
soma cruzii (the cause of Chagas’ disease) may cause brain patients; this finding reflects the difficulty of treating patients
abscess in patients with AIDS, particularly those from areas with a severely compromised immune system who are infected
of endemicity such as Latin America [148]. A case of both with resistant pathogens.
toxoplasmosis and M. tuberculosis brain abscess has been re-
ported [104], emphasizing the possibility of polymicrobial in-
fection in patients with AIDS. Summary

An HIV-infected patient with a focal CNS lesion should
The past 20 years have seen major advances in the diagnosisreceive initial therapy for cerebral toxoplasmosis. Additional

and management of brain abscess, with a corresponding im-antibiotic coverage may be appropriate, depending on the
provement in the survival rates. The advances in radiographiclikelihood of other etiologic pathogens and the initial re-
scanning, the availability of new antimicrobials, and the devel-sponse to antimicrobial therapy. Diagnostic needle aspiration
opment of novel surgical techniques have all contributed to theshould be considered for patients who do not respond to
decreases in associated morbidity and mortality. The relativeempirical therapy.
rarity of brain abscess and the frequent delays in making theParasitic brain abscess. Toxoplasma gondii is the most
diagnosis render this condition a significant challenge for thecommon cause of parasitic brain abscess, as has already been
clinician. A high index of suspicion is required so that effectivediscussed in the previous section. Other causes of parasite-
therapy can be instituted as soon as possible. Close coordina-associated brain abscess are exceedingly rare in developed
tion of care between neurosurgeons and infectious diseasescountries. Amebic liver abscess may rarely be associated with
specialists is increasingly important in the complicated man-brain abscess or meningoencephalitis secondary to infection
agement of brain abscess. Adequate abscess drainage and ap-with Entamoeba histolytica [149, 150]. Patients usually have
propriate antimicrobial therapy remain the cornerstones ofpositive amebic serologies, but material obtained from the ab-
proper treatment of this condition.scess (liver or brain) is often negative for parasites on micro-

scopic examination. A recent case report demonstrated that
abscess fluid may be positive for E. histolytica by PCR [149].
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