PATHOGENESIS AND HISTOPATHOLOGY
Results of experimental models of brain abscess formation suggest that
for bacterial invasion of brain parenchyma to occur, there must be
preexisting or concomitant areas of ischemia, necrosis, or hypoxemia
in brain tissue. The intact brain parenchyma is relatively resistant
to infection. Once bacteria have established infection, brain abscess
frequently evolves through a series of stages, influenced by the nature
of the infecting organism and by the immunocompetence of the host.
The early cerebritis stage (days 1–3) is characterized by a perivascular infiltration of inflammatory cells, which surround a central core
of coagulative necrosis. Marked edema surrounds the lesion at this
stage. In the late cerebritis stage (days 4–9), pus formation leads to
enlargement of the necrotic center, which is surrounded at its border
by an inflammatory infiltrate of macrophages and fibroblasts. A thin
capsule of fibroblasts and reticular fibers gradually develops, and the
surrounding area of cerebral edema becomes more distinct than in the
previous stage. The third stage, early capsule formation (days 10–13),
is characterized by the formation of a capsule that is better developed
on the cortical than on the ventricular side of the lesion. This stage
correlates with the appearance of a ring-enhancing capsule on neuroimaging studies. The final stage, late capsule formation (day 14 and
beyond), is defined by a well-formed necrotic center surrounded by a
dense collagenous capsule. The surrounding area of cerebral edema
has regressed, but marked gliosis with large numbers of reactive
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astrocytes has developed outside the capsule. This gliotic process may 901
contribute to the development of seizures as a sequela of brain abscess.
CLINICAL PRESENTATION
A brain abscess typically presents as an expanding intracranial mass
lesion rather than as an infectious process. Although the evolution of
signs and symptoms is extremely variable, ranging from hours to weeks
or even months, most patients present to the hospital 11–12 days following onset of symptoms. The classic clinical triad of headache,
fever, and a focal neurologic deficit is present in <50% of cases. The
most common symptom in patients with a brain abscess is headache,
occurring in >75% of patients. The headache is often characterized as
a constant, dull, aching sensation, either hemicranial or generalized,
and it becomes progressively more severe and refractory to therapy.
Fever is present in only 50% of patients at the time of diagnosis, and
its absence should not exclude the diagnosis. The new onset of focal or
generalized seizure activity is a presenting sign in 15–35% of patients.
Focal neurologic deficits including hemiparesis, aphasia, or visual field
defects are part of the initial presentation in >60% of patients.
The clinical presentation of a brain abscess depends on its location, the nature of the primary infection if present, and the level of
the ICP. Hemiparesis is the most common localizing sign of a frontal
lobe abscess. A temporal lobe abscess may present with a disturbance
of language (dysphasia) or an upper homonymous quadrantanopia.
Nystagmus and ataxia are signs of a cerebellar abscess. Signs of
raised ICP—papilledema, nausea and vomiting, and drowsiness or
confusion—can be the dominant presentation of some abscesses, particularly those in the cerebellum. Meningismus is not present unless
the abscess has ruptured into the ventricle or the infection has spread
to the subarachnoid space.
DIAGNOSIS
Diagnosis is made by neuroimaging studies. MRI (Fig. 164-4) is
better than CT for demonstrating abscesses in the early (cerebritis)
stages and is superior to CT for identifying abscesses in the posterior
fossa. Cerebritis appears on MRI as an area of low-signal intensity
on T1-weighted images with irregular postgadolinium enhancement
and as an area of increased signal intensity on T2-weighted images.
Cerebritis is often not visualized by CT scan, but when present,
appears as an area of hypodensity. On a contrast-enhanced CT
scan, a mature brain abscess appears as a focal area of hypodensity
surrounded by ring enhancement with surrounding edema (hypodensity). On contrast-enhanced T1-weighted MRI, a mature brain abscess
has a capsule that enhances surrounding a hypodense center and surrounded by a hypodense area of edema. On T2-weighted MRI, there
is a hyperintense central area of pus surrounded by a well-defined
hypointense capsule and a hyperintense surrounding area of edema. It
is important to recognize that the CT and MRI appearance, particularly
of the capsule, may be altered by treatment with glucocorticoids. The
distinction between a brain abscess and other focal CNS lesions such as
primary or metastatic tumors may be facilitated by the use of diffusionweighted imaging sequences on which a brain abscess typically shows
increased signal due to restricted diffusion of the abscess cavity with
corresponding low signal on apparent diffusion coefficient images.
Microbiologic diagnosis of the etiologic agent is most accurately
determined by Gram’s stain and culture of abscess material obtained
by CT-guided stereotactic needle aspiration. Aerobic and anaerobic
bacterial cultures and mycobacterial and fungal cultures should be
obtained. Up to 10% of patients will also have positive blood cultures.
LP should not be performed in patients with known or suspected
focal intracranial infections such as abscess or empyema; CSF analysis
contributes nothing to diagnosis or therapy, and LP increases the risk
of herniation.
Additional laboratory studies may provide clues to the diagnosis
of brain abscess in patients with a CNS mass lesion. About 50% of
patients have a peripheral leukocytosis, 60% an elevated ESR, and 80%
an elevated C-reactive protein. Blood cultures are positive in ~10% of
cases overall but may be positive in >85% of patients with abscesses
due to Listeria.
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Otogenic abscesses occur predominantly in the temporal lobe (55–
75%) and cerebellum (20–30%). In some series, up to 90% of cerebellar abscesses are otogenic. Common organisms include streptococci, Bacteroides spp., Pseudomonas spp., Haemophilus spp., and
Enterobacteriaceae. Abscesses that develop as a result of direct spread of
infection from the frontal, ethmoidal, or sphenoidal sinuses and those
that occur due to dental infections are usually located in the frontal
lobes. Approximately 10% of brain abscesses are associated with paranasal sinusitis, and this association is particularly strong in young males
in their second and third decades of life. The most common pathogens
in brain abscesses associated with paranasal sinusitis are streptococci
(especially Streptococcus milleri), Haemophilus spp., Bacteroides spp.,
Pseudomonas spp., and S. aureus. Dental infections are associated with
~2% of brain abscesses, although it is often suggested that many “cryptogenic” abscesses are in fact due to dental infections. The most common
pathogens in this setting are streptococci, staphylococci, Bacteroides
spp., and Fusobacterium spp.
Hematogenous abscesses account for ~25% of brain abscesses.
Hematogenous abscesses are often multiple, and multiple abscesses
often (50%) have a hematogenous origin. These abscesses show a predilection for the territory of the middle cerebral artery (i.e., posterior
frontal or parietal lobes). Hematogenous abscesses are often located at
the junction of the gray and white matter and are often poorly encapsulated. The microbiology of hematogenous abscesses is dependent
on the primary source of infection. For example, brain abscesses that
develop as a complication of infective endocarditis are often due to
viridans streptococci or S. aureus. Abscesses associated with pyogenic
lung infections such as lung abscess or bronchiectasis are often due to
streptococci, staphylococci, Bacteroides spp., Fusobacterium spp., or
Enterobacteriaceae. Abscesses that follow penetrating head trauma or
neurosurgical procedures are frequently due to methicillin-resistant S.
aureus (MRSA), S. epidermidis, Enterobacteriaceae, Pseudomonas spp.,
and Clostridium spp. Enterobacteriaceae and P. aeruginosa are important causes of abscesses associated with urinary sepsis. Congenital
cardiac malformations that produce a right-to-left shunt, such as
tetralogy of Fallot, patent ductus arteriosus, and atrial and ventricular
septal defects, allow bloodborne bacteria to bypass the pulmonary
capillary bed and reach the brain. Similar phenomena can occur with
pulmonary arteriovenous malformations. The decreased arterial oxygenation and saturation from the right-to-left shunt and polycythemia
may cause focal areas of cerebral ischemia, thus providing a nidus for
microorganisms that bypassed the pulmonary circulation to multiply
and form an abscess. Streptococci are the most common pathogens in
this setting.
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