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KEY POINTS

The most common identified sources of brain abscess include: otomastoiditis, sinusitis, odontogenic
abscess, hematogenous dissemination from a distant source and neurosurgical complication.

MR is sensitive for the detection of brain abscess. Restricted diffusion within a centrally T2 hyper-
intense ring enhancing mass is characteristic but not pathognomonic of pyogenic brain abscess.
MRI can demonstrate the complications from brain abscess including intracranial herniation, hydro-
cephalus, meningitis, subdural or epidural empyema, venous sinus thrombosis and ventriculitis.
Imaging is critical to the rapid diagnosis of brain abscess, provides guidance for stereotactic local-
ization and is useful for monitoring response following treatment.

Infectious encephalitis is usually viral in etiology and should be considered in patients complaining of
fever and headache with altered level of consciousness or evidence of cerebral dysfunction.

The MRI features of encephalitis are highly variable according to the offending organism and patient
age.

HSV encephalitis is associated with high mortality and in adults typically causes asymmetric bilateral
FLAIR/T2WI hyperintensity in the medial temporal lobes, insular cortex and posterior-inferior frontal
lobes with relative sparing of the basal ganglia.

INTRODUCTION

Cerebritis is an area of poorly defined acute inflam-
mation in the brain with increased permeability of
the local blood vessels, but without neovascularity
or angiogenesis.! Cerebritis can result from
a variety of etiological factors, including pyogenic
infection, and if left untreated in this setting leads
to pyogenic brain abscess formation. A pyogenic
abscess is a focal area of parenchymal infection
that contains a central collection of pus surrounded
by a vascularized collagenous capsule.'™> Before
the late 1800s brain abscess was typically fatal
and only discovered on postmortem examination.
In 1893, Sir William Macewen published the

monograph Pyogenic Infective Diseases of the
Brain and Spinal Cord, which described the
successful surgical treatment of 18 of 25 reported
intraparenchymal brain abscesses.* Macewen
stressed the importance of aseptic surgery, cere-
bral localization, and early diagnosis as important
factors essential to the successful surgical treat-
ment of brain abscess.* After the addition of
antibiotic treatment in the early 1940s, mortality
from brain abscesses decreased over the next 2
decades but remained high. A multitude of imaging
modalities including ventriculography, angiog-
raphy, and thorotrast administration had a positive
impact on the treatment of brain abscess by
providing a means to sequentially image the
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abscess cavity.® Since the mid 1970s, mortality
from brain abscess has decreased from 30% to
40% to 5% to 20%, with the higher rates reported
in developing nations.>®~'® This reduction in
mortality has largely been attributed to (1) the
advent of commercially available computed tomo-
graphy (CT)in 1974, and (2) improved targeted anti-
biotic therapy due to advances in bacteriologic
techniques and new antimicrobial agents.'>~'® CT
allows for rapid diagnosis and localization, stereo-
tactic aspiration, and accurate serial postoperative
evaluation. 920

Encephalitis is a diffuse infection or inflammatory
process of the brain itself with clinical evidence of
brain dysfunction.?'22 Infectious encephalitis is typi-
cally viral in origin. The diagnosis of viral encephalitis
should be strongly considered in patients presenting
with febrile disease accompanied by headache,
altered level of consciousness, and evidence of
cerebral dysfunction. Imaging plays a role in the
diagnosis of encephalitis when combined with the
medical history, physical examination, serologic
studies, and cerebrospinal fluid (CSF) analysis. In
addition, there are multiple nonviral causes of
infectious encephalitis including bacterial, fungal,
parasitic, and rickettsial origins.?! The imaging
appearances of several common and select
uncommon infectious encephalitides along with
causes of encephalitis in the pediatric patient popu-
lation are reviewed in this article. Common causes of
encephalitis in immunocompromised patients, and
their imaging appearances, are also discussed in
this article.

PYOGENIC INFECTION
Pathophysiology

Brain abscess is often categorized by the source
of infection, which influences the location of the
abscess and the offending organism. The most
common identified causes of brain abscess
include direct spread from local infections, hema-
togenous dissemination from a distant source,
trauma, and neurosurgical complication. Up to
30% of brain abscesses are reported as crypto-
genic.>®'? Otomastoiditis, sinusitis, and odonto-
genic abscess are the primary sources of direct
spread, which occurs through involvement of
bone or via transmission of bacteria to the brain
through the valveless emissary veins.® Otomastoi-
ditis causes abscess formation in the adjacent
temporal lobe and cerebellum (Figs. 1 and 2).
Frontal and ethmoid sinusitis and odontogenic
infection are frequently associated with formation
of frontal lobe abscess.?®

Abscesses secondary to hematogenous seed-
ing from a distant source are more typically

multiple, near the gray-white junction, and usually
in the distribution of the middle cerebral artery.?®
Sources of hematogenous dissemination are
variable. Identifying the source of infection is
a crucial factor for adequate treatment to prevent
recurrent disease. In children, there should be
a high index of suspicion for congenital cyanotic
heart disease.>?* Examples of other sources
include pulmonary abscess, pulmonary arteriove-
nous malformation (AVM), bacterial endocarditis,
and intra-abdominal infections. Dental abscess
can result in bacteremia with hematogenous
dissemination or local thrombophlebitis.

The epidemiologic trends of brain abscess are
changing. Brain abscess is uniformly more common
among males than females for unknown reasons,
and most commonly occurs during the first 4
decades of life, although all age groups may be
affected.’® Aggressive medical and surgical
management of otitis media has led to a decrease
in otogenic-related brain abscess in developed
countries, although it remains the principal source
of brain abscess in developing countries such as
India and China.®'? Similarly, there are reports of
decreased incidence of brain abscess secondary to
congenital cyanotic heart disease in developed
countries, likely attributable to earlier and improved
surgical repair.® Brain abscess secondary to trauma
and neurosurgery has increased.® 12132527 The
rising incidence of postsurgical abscess has largely
been attributed to the increased volume of neurosur-
geries performed (Fig. 3). Additional predisposing
factors include diabetes mellitus, alcoholism, in-
travenous drug abuse, pulmonary AVM, and
immunosuppression.® 1314

Clinical Presentation

Symptoms depend on the location of the abscess,
degree of mass effect, and associated complica-
tions. Headache is the most frequent symptom.
Additional symptoms include fever, focal neurologic
deficit, nausea, vomiting, and seizure. Laboratory
tests add little to the diagnosis. The white blood
cell count is variably elevated and the absence of
a leukocytosis does not exclude the diag-
nosis.% "3 Lumbar puncture may be contraindi-
cated because of mass effect and elevated
intracranial pressure. CSF analysis can be normal,
and when abnormal typically demonstrates
a nonspecific elevation in protein and white blood
cells that does not aid in diagnosis or treatment. In
the absence of intraventricular rupture, CSF cultures
are frequently sterile.>""'* In cases of hematoge-
nous dissemination blood cultures should be per-
formed, as they may identify the causative organism.
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Fig. 1. A patient who presented with ear infection and headache. (A) CT bone window demonstrates complete
opacification of the right middle ear cleft and poorly pneumatized right mastoid, consistent with chronic right
otomastoiditis. (B) On contrast-enhanced CT there is an associated ovoid ring-enhancing mass in the right
temporal lobe with surrounding vasogenic edema. (C) On axial T2-weighted sequence, it has central hyperintense
signal corresponding to the pus cavity and the characteristic surrounding T2 hypointense signal of the abscess
capsule (white arrow). Local mass effect results in entrapment of the adjacent mildly dilated right temporal
horn. (D) Axial T1 postcontrast sequence demonstrates typical smooth ring enhancement of a mature abscess.
(E, F) Corresponding diffusion-weighted sequence and apparent diffusion coefficient (ADC) maps confirm
restricted diffusion within the abscess cavity.

587



588

Rath et al

Fig. 2. A patient who presented with complaints of earache and fever. (A) Temporal bone CT demonstrates
mastoiditis with opacification of the right mastoid air cells and bone dehiscence along the dorsal right petrous
temporal bone (white arrow). An adjacent ring-enhancing mass is seen in the right posterior fossa. (B) Contrast-
enhanced head CT confirms an adjacent round smooth rim-enhancing abscess in the right cerebellar hemisphere.
Mass effect displaces the fourth ventricle to the left, and there is associated hydrocephalus. (C) On axial
T1-weighted postcontrast MR imaging the abscess demonstrates a rind of enhancement with central T1 hypoin-
tense signal. (D) Diffusion-weighted sequence demonstrates central hyperintense signal. (E) On the correspond-
ing ADC map there is central hypointense signal, confirming restricted diffusion in the abscess cavity. (Courtesy of

Hemant Parmar, MD, University of Michigan.)

The offending microbes vary with the source of
infection and frequently are polymicrobial. The
most common implicated organisms include mi-
croaerophilic streptococci, anaerobic bacteria,
Staphylococcus aureus, and facultative gram-
negative bacteria.?>%11-14.28 |n particular, nocar-
dia brain abscess is reportedly difficult to treat
and has been associated with high mortality.?®
Ideally antibiotic therapy should be targeted based
on culture results from aspiration.

Radiologic Imaging

Progressing from cerebritis to abscess formation,
the imaging characteristics change depending
on the time of imaging. Britt and Enzmann®®
described the spectrum in 4 separate stages
including early cerebritis, late cerebritis, early
capsule formation, and late capsule formation,

based on observed gross surgical, histopatho-
logic, and CT criteria. During the early cerebritis
phase, bacteria arrive to the brain parenchyma,
and there is an inflammatory response that grossly
results in softening of the brain and histopatholog-
ically corresponds to perivascular inflammatory
cuffing poorly delineated from surrounding normal
brain. On noncontrast CT, this corresponds to an
area of ill-defined low attenuation with a variable
pattern of contrast enhancement ranging from no
enhancement to nodular or ringlike enhancement.
The enhancement pattern is unchanged or
progresses on delayed images obtained at 30 to
60 minutes after contrast administration. During
the late cerebritis phase, pathologically there is
progression of central necrosis, and fibroblasts
deposit an early reticulin matrix around the
periphery. On noncontrast CT there is persistent
poorly defined low-attenuation edema; however,
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Fig. 3. A 36-year-old woman with a history of headaches. (A) Coronal T1 postcontrast fat-saturated sequence
demonstrates an enhancing extra-axial mass along the floor of the anterior cranial fossa, characteristic of an
olfactory groove meningioma. (B) Reconstructed coronal CT postcontrast image demonstrates partial resection
of the mass that was done via a staged expanded endonasal and subfrontal approach. Postoperative course
was complicated by recurrent frontal sinusitis and CSF leak requiring surgical repair. (C, D) Axial T2 and T1 post-
contrast images demonstrate a large right frontal abscess with a characteristic T2 hypointense enhancing capsule.
There is extensive surrounding vasogenic edema and mass effect displacing the anterior falx cerebri toward the
left. There is associated opacification of the frontal sinus related to chronic sinusitis. (E, F) Hyperintense signal on
the diffusion-weighted image and hypointense signal on the ADC map within the mass are consistent with
restricted diffusion and typical of pyogenic abscess. Cultures from the abscess grew Streptococcus milleri. Suscep-
tibility artifact in the right frontal region is from surgical hardware.
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on postcontrast images there is thick ringlike or
nodular enhancement that is stable or increases
on delayed images. During the early and late
capsule stage, there is a central core containing
pus that may be round, oval, or multiloculated,
with a surrounding capsule. The capsule consists
of a reticulin network with scant collagen during
the early stage, and progresses to a mature
collagen capsule with a zone of surrounding gliosis
during the late stage. On noncontrast CT during
both the early and late capsule stages, the pus-
containing core appears as a round or ovoid area
of low attenuation with a sometimes faintly visible
surrounding capsule ring. Following contrast
administration, there is ring enhancement that
decays on delayed images corresponding to the
granulation tissue of the capsule. The medial or
ventricular wall of the abscess cavity may be
thinner than the lateral wall, attributed to differ-
ences in capsule blood supply. It is more prone
to rupture and can lead to daughter abscess
formation.

Magnetic resonance (MR) imaging is more
sensitive than CT in the detection of brain abscess
because it has greater sensitivity to changes in
tissue water content, resulting in greater contrast
between edematous brain and normal brain during
the early stages of cerebritis and abscess forma-
tion.®® During the early cerebritis stage, there
is nonspecific poorly defined hyperintensity on
T2-weighted sequence that is isointense to mildly
hypointense on T1-weighted images, with ill-
defined enhancement (Fig. 4).%' The characteristic
MR imaging features of the necrotic center of
a mature brain abscess include fluid hyperintense
relative to CSF and hypointense relative to white

matter on the T1-weighted sequence. On T2-
weighted sequences, the fluid in the abscess
cavity is iso- to hyperintense to CSF and gray
matter. This characteristic pattern of T2 prolonga-
tion relative to normal brain and T1 shortening rela-
tive to CSF reflects the proteinaceous nature of the
abscess fluid.®° Vasogenic edema surrounding the
abscess cavity is characterized by surrounding
hypointensity on the T1-weighted sequence and
hyperintensity on the T2-weighted sequence.
Interposed between the abscess cavity and the
surrounding vasogenic edema is the abscess
capsule, which is a smooth, circumferential ring
that is iso- to hyperintense to white matter on the
T1 sequence, iso- to hypointense on the T2-
weighted sequence, and enhances on postcon-
trast images. The unique hypointensity of the
capsule relative to white matter on T2-weighted
sequences has been attributed to T1 and T2 short-
ening, occurring as a result of free radicals gener-
ated by phagocytic macrophages entering the
capsule wall.*°

The pathologic and imaging features of pyo-
genic abscess formation reflects the attempt by
the host’s immune system at containing the infec-
tion in immunocompetent patients. Experimental
brain abscess models in immunocompetent mice
indicate that microglia and astrocytes release che-
mokines and cytokines that result in an inflamma-
tory response aimed at containing and eradicating
the infection.®" In immunocompromised patients
with an impaired inflammatory response, there
may be a lack of ring enhancement and less vaso-
genic edema in comparison with immunocompe-
tent patients, features considered to be a poor
prognostic finding.32-33

Fig. 4. Progression from cerebritis to abscess. (A, B) Axial diffusion-weighted sequence and T1 postcontrast image
demonstrate areas of restricted diffusion in the left temporal lobe and the posterior right cerebral hemisphere
that demonstrate some poorly defined enhancement. (C) Follow-up axial T1 postcontrast sequence 7 days later
demonstrates progression to rim enhancement typical of abscess formation. (Courtesy of Hemant Parmar, MD,

University of Michigan.)
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Complicating factors that may be present on
imaging include local mass effect with intracranial
herniation, hydrocephalus, meningitis, and extra-
axial fluid collection (Figs. 5 and 6). Local throm-
bophlebitis can result in venous sinus thrombosis.
Intraventricular rupture with ventriculitis is a devas-
tating complication associated with high mortality,
and appears as ventricular debris and abnormal
ependymal enhancement (Figs. 7 and 8).>*

The classic ring-enhancing appearance of a cap-
sule stage abscess on CT and conventional MR
imaging is, however, nonspecific, and the dif-
ferential diagnosis includes nonpyogenic abscess,
high-grade primary central nervous system
(CNS) neoplasm, metastasis, infarct, hematoma,
thrombosed giant aneurysm, radiation necrosis,
and demyelinating disease. Immunocompromised
patients deserve special consideration because
they are uniquely susceptible to a variety of
opportunistic infections and neoplastic processes.
Toxoplasmosis gondii infection, primary CNS lym-
phoma, and nonpyogenic abscesses should also
be considered in these patients. Clinical data may
be helpful in narrowing the differential of a ring-
enhancing intraparenchymal brain mass, but is
frequently of limited value in differentiating abscess
from metastases or high-grade glioma because of
the unreliable presence of infectious signs in
the setting of abscess. Imaging features favoring
abscess include (1) 2- to 7-mm continuous smooth,
thin rim of enhancement, (2) T2 hypointense rim,
and (3) thinning along the medial wall. However,
these features are not consistently present and
none are 100% specific.'*%3> Consequently, at-
tempts have been made to differentiate ring-
enhancing neoplasm from brain abscess using
additional noninvasive imaging techniques.

Nuclear medicine has a limited role in the evalu-
ation of brain abscess. Brain abscesses are
usually localized by MR imaging or CT because
patients present with headache or other neuro-
logic signs. Some investigators report that the
use of the oncotropic tracer thallium-201 chloride
in conjunction with MR imaging or CT improves
diagnostic confidence in distinguishing abscess
from neoplasm.3® However, this application has
not been reliable and there are reports of false-
positive thallium-201 chloride uptake in brain
abscesses.®’ Its main application has been in dis-
tinguishing CNS lymphoma from T gondiii infection
in human immunodeficiency virus (HIV)-positive
patients, with sensitivity of 92% and specificity of
89% for the diagnosis of CNS lymphoma.®®

Diffusion-weighted imaging is helpful in distin-
guishing ring-enhancing neoplasm from pyogenic
abscess. The central nonenhancing portion of
a ring-enhancing neoplasm usually demonstrates

facilitated diffusion while restricted diffusion within
a ring-enhancing mass is characteristic, but not
pathognomonic, of a brain abscess.>>3%42 |t
appears as a central bright signal on the diffusion-
weighted sequence and reduced apparent diffu-
sion coefficient (ADC) values on the ADC map.
Whereas some investigators attribute the restric-
tion of water proton mobility within the abscess
cavity to necrotic debris, macromolecules, and
viscosity of pus, in vivo and ex vivo studies by Mis-
hra and colleagues®®3°“® suggest viable bacteria
and inflammatory cells in the abscess cavity
primarily account for the restricted diffusion.
Furthermore, there are reports of higher ADCs in
treated abscesses, as well as some data to suggest
that persistent low ADC or recurrent low ADC in an
abscess cavity following treatment indicates reac-
tivation of infection or failed therapy.***° Infre-
quently there is overlap of the diffusion-weighted
imaging features of neoplasm and abscess, with
some aseptic ring-enhancing neoplasms demon-
strating restricted diffusion and some reports of
facilitated diffusion within pyogenic abscess cavi-
ties, typically when empiric antibiotic therapy has
preceded imaging.*®>" The reported sensitivity
and specificity of diffusion-weighted imaging in
differentiating abscess from other pathology
ranges from 72% to 95% and from 96% to 100%,
respectively.*>48

Advanced Imaging

In vivo 'H nuclear MR ('H-NMR) spectroscopy
complements diffusion-weighted imaging and
conventional MR imaging. 'H-NMR can improve
diagnostic confidence in distinguishing cystic or
necrotic tumor from abscess.*® In the late capsule
stage, bacterial abscesses have necrotic centers
that lack the normal brain metabolites of N-acety-
laspartate (NAA), choline, and creatine. Elevated
levels of cytosolic amino acids (0.9 ppm) and
lactate (1.3 ppm) with or without acetate (1.9 ppm)
and succinate (2.4 ppm) are the characteristic reso-
nances within the cavity of untreated pyogenic
abscess.®?>* While lactate and lipid signal can be
found in the in vivo "TH-NMR spectra of both brain
tumor and abscess, cytosolic amino acids (valine,
leucine, and isoleucine) are a key marker of
pyogenic abscess which, when present, suggest
its diagnosis (Fig. 9). These amino acids are not
detectable on in vivo "TH-NMR spectra from cystic
or necrotic brain tumors.>® The increased levels of
lactate, acetate, and succinate are the by-product
of glycolysis and fermentation by the causative
bacteria. The amino acids are aresult of proteolysis
by polymorphonucleocytes in pus.®'5® Acetate,
with or without succinate, is not typically present
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Fig. 5. A 68-year-old who woman presented with altered mental status. (A-C) T2, T1 postcontrast, and ADC maps
demonstrate multiple bilateral abscesses with central T2 hyperintense signal and surrounding T2 hypointense
signal, peripheral smooth rim enhancement, and reduced ADC values. There is characteristic thinning of the
capsules along the ventricular margins. (D, E) Coronal T1 postcontrast images redemonstrate thinning along
the medial margin of the abscess capsules where they communicate with the ventricular system. There is associ-
ated abnormal ependymal enhancement (white arrow). (F, G) Diffusion-weighted sequence and fluid-attenuated
inversion recovery (FLAIR) sequence confirm intraventricular rupture and ventriculitis, with debris layering
dependently in the ventricular system. (Courtesy of William Delfyett, MD, University of Pittsburgh.)
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Fig. 6. A 57-year-old male alcoholic who presented with altered mental status. (A-C) Axial T1 postcontrast, T2,
and diffusion-weighted sequences demonstrate a characteristic left occipital abscess with rim enhancement,
central T2 hyperintensity, and bright signal on the diffusion-weighted sequence, which was confirmed to repre-
sent true restricted diffusion by ADC maps. There is surrounding mild vasogenic edema. (D-F) Axial T1 postcon-
trast, FLAIR, and diffusion-weighted sequences demonstrate associated intraventricular rupture with ventriculitis
as demonstrated by abnormal ependymal enhancement, and layering debris in the ventricular system that
restricts diffusion. (Courtesy of William Delfyett, MD, University of Pittsburgh.)

in brain abscesses caused by aerobic infection, but
has been reported in abscesses caused by
anaerobic and facultative anaerobic microorgan-
isms.>+% Following treatment, the resonances
of amino acids have been reported to dis-
appear.*'85157 The reported sensitivity and
specificity of MR spectroscopy in distinguishing
abscess from other pathology is 72% to 96% and
30% to 100%, respectively.*850.54-56

There are few published articles on the role of
perfusion imaging in distinguishing brain abscess
from necrotic or cystic ring-enhancing neoplasms.
In a recent prospective study, Chiang and
colleagues found that the mean relative cerebral
blood volume of brain tumor walls was statistically
significantly higher than that of cerebral ab-
scesses. This difference was attributed to a greater
degree of vascularity and blood-brain barrier
breakdown in the wall of neoplasm versus the
collagenous wall of a mature abscess.®®%°

Recent research has focused on the microstruc-
ture of the abscess cavity using diffusion tensor

imaging (DTI). Elevated DTI-derived fractional
anisotropy within brain abscess cavities has
been demonstrated, and has a positive correlation
with neuroinflammatory molecules in pus.5%:¢’
Similarly, a positive correlation between fractional
anisotropy in heat-killed S aureus-treated cell lines
has been demonstrated.®’ These findings support
the hypothesis that increased fractional anisotropy
is due to upregulation of neuroinflammatory adhe-
sion molecules, causing a structured orientation of
inflammatory cells in the abscess cavity. In a small
study, Nath and colleagues®’ found that increased
fractional anisotropy and reduced mean diffusivity
had 100% and 75% sensitivity, respectively, in
predicting pyogenic abscess. Furthermore, frac-
tional anisotropy in abscess cavities has been
shown to decrease following treatment while
mean diffusivity did not significantly change, sug-
gesting that in the future, surveillance of fractional
anisotropy may serve as a marker of inflammation
and could help to guide therapy, although addi-
tional research is required.®?
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Fig. 7. (A, B) AT2 hyperintense right occipital abscess demonstrates central T2 hyperintense signal in the abscess
cavity, T2 hypointense signal in the capsule, and capsule rim enhancement. There is surrounding vasogenic
edema. There is an adjacent small subdural empyema medial to the abscess (white arrow). (C, D) Axial
diffusion-weighted sequence and ADC map confirm restricted diffusion in the abscess cavity and within the small
right tentorium subdural empyema. (E) On axial T1 postcontrast sequence there is a rim-enhancing subdural fluid
collection extending over the right cerebral convexity and along the right posterior falx cerebri. There is associ-
ated mild local mass effect and meningitis with leptomeningeal enhancement over the right cerebral hemisphere
(F). On the diffusion-weighted sequence the subdural fluid collection demonstrates restricted diffusion, consis-
tent with an associated subdural empyema.
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Fig. 8. (A-C) Axial T2-weighted sequence, T1 postcontrast sequence, and ADC maps demonstrate a typical brain
abscess in the right occipital lobe with central T2 hyperintense signal, surrounding rim enhancement, and
hypointense signal on ADC, consistent with restricted diffusion. There is daughter abscess formation beginning
along its medial margin. There is a rim-enhancing small subdural empyema along the right tentorium (white
arrow). (D-F) There is an associated right posterior parafalcine T2 hyperintense rim-enhancing subdural fluid
collection with reduced ADC, consistent with a subdural empyema. In addition, there is evidence of meningitis
with leptomeningeal enhancement noted in the right cerebral hemisphere. (Courtesy of Barton F. Branstetter

IV, MD, University of Pittsburgh.)

Treatment

Cerebritis is typically treated with high-dose intra-
venous antibiotics alone and serial imaging to
ensure response to therapy.®® Brain abscesses
larger than 2.5 cm or associated with mass effect
are usually treated with stereotactic aspiration or
excision combined with intravenous antibiotics.
Antibiotic therapy is continued for 6 to 8 weeks
with serial imaging weekly or biweekly, depending
on the patient’s clinical condition.?%° Patients who
are poor surgical candidates, have numerous
small abscesses or have surgically inaccessible
disease may be treated with intravenous antibi-
otics alone. However, diagnostic aspiration should
be performed when possible to optimize targeted
antibiotic therapy. Unfavorable outcomes have
been associated with the presence of an under-
lying medical condition, sepsis, nocardia abscess,
poor neurologic status at presentation, and intra-
ventricular rupture.®12:14.25.28,64,65

ENCEPHALITIDES
Herpes Simplex Encephalitis

Herpes simplex encephalitis (HSE) is the most
common cause of sporadic fatal encephalitis in
the United States, with approximately 2000 cases
per year.?"6¢ HSE results in necrotizing encepha-
litis.®” About 90% of the cases of HSE are caused
by herpes simplex virus type 1 (HSV-1) with
approximately 10% of cases being caused by
HSV-2; the latter typically is seen in neonates, and
is discussed in the pediatrics article by Parmar
and colleagues elsewhere in this issue.?! Patients
with HSE typically present with headache, fever,
seizures, viral prodrome, and mental status
changes. The classic imaging findings are bilateral
asymmetric involvement of the temporal and infe-
rior frontal lobes with less common involvement
ofthe insula and cingulate gyri.®® The involved brain
typically demonstrates high signal on T2-weighted
images and gyral expansion. Fluid-attenuated
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Fig. 9. A patient with a history of intravenous drug abuse who complained of drowsiness, headache, and left
hemiparesis. (A-C) Axial T2, T1 postcontrast, and diffusion-weighted images demonstrate a bilobed cystic mass
in the right parietal lobe with some surrounding T2 hypointense signal, rim enhancement, and restricted diffu-
sion typical of an abscess in the anterior cystic portion. (D, E) Single-voxel, 144 millisecond echo time, proton MR
spectroscopy supports the diagnosis of brain abscess, showing a prominent lipid and smaller inverted lactate peak
at 1.3 ppm, amino acids at 0.9 ppm, acetate at 1.9 ppm, and presence of succinate at 2.4 ppm. Mildly elevated
choline is also noted at 3.2 ppm. (Courtesy of Suyash Mohan, MD, Penn State University.)

inversion recovery (FLAIR)/T2-weighted sequences
demonstrate increased signal in both the swollen
cortex and subcortical white matter. Restricted
diffusion and petechial hemorrhages may be seen.
Gyriform enhancement may be noted, but is typi-
cally a later finding.5®%° The basal ganglia are rarely
involved in HSE, which helps to distinguish this
disease process from other encephalitides.®® Thus
when insular and subinsular involvement is noted
but the signal abnormality abruptly stops at the
lateral putamen, HSE should be considered
(Fig. 10). Corresponding CT findings include areas
of hypoattenuation and gray-white differentiation
loss. Metabolic alterations have been demonstrated
by MR spectroscopy in cases of HSE with reduced
NAA, elevated choline compounds, and sometimes
elevated lactate.”®"2 However, the role of MR spec-
troscopy in the diagnosis of HSE is limited, as treat-
ment is typically initiated when there is clinical

suspicion and corresponding imaging findings are
consistent with HSE. Acyclovir is the treatment of
choice for HSE (Class IA evidence).?? Furthermore,
treatment with acyclovir for HSE should be immedi-
ately begun when there is clinical suspicion of HSE,
as mortality rates in untreated HSE are approxi-
mately 70%; early initiation of acyclovir decreases
mortality to 20% to 30%.%2

HSV-2, the genital strain, causes infections typi-
cally in the neonatal period, and is thought to be
transmitted to the fetus transplacentally or to the
neonate during delivery from a mother with genital
herpes. HSV-2 is covered in the pediatrics article
in this issue.

Varicella Zoster Virus

Primary varicella zoster virus (VZV) infection
typically occurs in children and is known as
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Fig. 10. Herpes simplex encephalitis. Axial FLAIR (A) image demonstrates bilateral, asymmetric temporal lobe
signal abnormalities. Diffusion-weighted image (B) and the corresponding ADC map (C) demonstrate areas of
restricted diffusion. Postcontrast T1 images (not shown) demonstrated minimal associated enhancement.

chickenpox or varicella. Subsequently the virus
becomes latent in ganglionic neurons along the
neuroaxis.”® VZV can reactivate in patients, typi-
cally in elderly individuals whose cell-mediated
immunity to VZV has declined or in immunosup-
pressed patients. When VZV reactivates the result
is zoster or shingles, a painful rash that is caused
when the virus travels along the sensory nerve
from the dorsal root ganglion to the skin. Zoster
is frequently followed by chronic pain known as
post-herpetic neuralgia.”® However, other sequela
of VZV infection include vasculopathy, myelop-
athy, retinal necrosis, and cerebellitis. Of note,
the CNS complications of VZV reactivation can
occur in the absence of a rash.”® VZV infection

has frequently been described as a meningoen-
cephalitis and vasculopathy, but the vasculopathy
is thought to be the dominant component.” Typi-
cally both large-vessel and small-vessel arteries
are involved, although involvement of either small
or large arteries alone can be seen (Fig. 11).7374
The infection is primarily in the media of the
arteries.”® Patients often present with an acute
stroke or transient ischemic attacks; additional
common clinical presentations include headache,
cranial neuropathies, changes in mental status,
aphasia, ataxia, hemisensory loss, and vision
loss. The imaging appearance is of multiple areas
of high signal on the T2-weighted image, classi-
cally involving the gray-white junction, with purely
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gray and white matter lesions also seen. Deep and
superficial infarcts, some with associated hemor-
rhage, are seen. Less frequently, VZV vasculop-
athy results in aneurysm formation, subarachnoid
or parenchymal hemorrhage, vascular ectasia, or
dissection.” The treatment for VZV infection is
acyclovir.??

Cytomegalovirus

Cytomegalovirus (CMV) is a ubiquitous herpes
virus, which is present in its latent form in the
majority of the population. In normal hosts, CMV
infection presents with nonspecific clinical manifes-
tations such as a febrile illnesses, and the course is
usually self limited.”® However, reactivation of CMV
in an immunocompromised patient can result in
disseminated infections, typically of the respiratory
system, gastrointestinal system, and occasionally

&

Y . o

Fig. 11. Varicella zoster virus. Lateral (A) and anteroposterior oblique (B) left internal carotid arteriograms and
right internal carotid lateral (C) arteriograms, showing multiple scattered segments (arrows) of irregularity
and narrowing involving the small and medium-sized vessels. (From Jain R, Deveikis J, Hickenbottom S, et al.
Varicella-zoster vasculitis presenting with intracranial hemorrhage. AJINR Am J Neuroradiol 2003;24:972; with
permission.)

the CNS. Meningoencephalitis and ventriculitis are
the intracranial manifestations (see later discus-
sion). Other neurologic manifestations include reti-
nitis, polyradiculitis, and myelitis, which are not
discussed further in this article. Because of the
HIV epidemic, CMV encephalitis has emerged as
an important clinical entity in adults.”® With the
introduction of highly active antiretroviral therapy
(HAART), there has been a decrease in the preva-
lence of CMV infection, but familiarity with the entity
remains critical.

Imaging findings of CNS infection with CMV
include ependymal and subependymal enhance-
ment, which when present is very suspicious for
CMV ventriculitis in a patient with AIDS.”® Other
imaging findings include atrophy and periventricu-
lar white matter hyperintensities on T2-weighted/
FLAIR imaging. Generalized atrophy is the
most commonly reported CT abnormality, but is
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a nonspecific finding seen frequently in patients
who have AIDS.®® Of note, imaging studies may
be unremarkable in patients with CMV encepha-
litis.”>7® Rarely CNS infection with CMV may mani-
fest as a ring-enhancing or space-occupying
lesion.®®7® CMV encephalitis is an important
opportunistic infection in HIV-infected and, less
frequently, in other immunocompromised individ-
uals.”® For CMV encephalitis, combination therapy
with intravenous ganciclovir and foscarnet is advo-
cated.?"?? However, response of CMV encephalitis
and ventriculitis to antiviral drugs is poor.2'22.76

Japanese Encephalitis

Japanese encephalitis (JE) is a flaviviral encepha-
litis that is a major health problem in Asia, where it
is a leading cause of viral encephalitis with 30,000
to 50,000 cases reported annually.®® Case fatality
rates are reported as up to 60%."” Lesions are typi-
cally T2 hyperintense and T1 hypointense on MR
imaging, and are seen involving the thalami and
brainstem, in particular the substantia nigra, basal
ganglia, cerebral cortex, corpus striatum, and cere-
bellum (Fig. 12).”” The most consistent finding in JE
is bilateral thalamic lesions with or without hemor-
rhagic changes on MR imaging.®® Handique and
colleagues’” reported that temporal lobe involve-
ment is present in 17% of patients with JE, but
involves the body and tail of the hippocampus
and spares the anterior temporal lobe and insula,
in contradistinction to HSV-1 encephalitis.

West Nile Virus

West Nile virus (WNV) is a member of the Flaviviridae
family that can cause a meningoencephalitis.
The WNV appeared in the Western hemisphere in
1999 with an outbreak of encephalitis in the greater
New York area.”®"® Mosquitoes are the vectors of
transmission. Roughly 1 in 150 individuals infected
with WNV will develop significant CNS disease,
defined as encephalitis, meningitis, or a combination
of the two.”® Positive MR imaging studies in patients
with WNV meningoencephalitis are common though
nonspecific. WNV infection should be included in the
differential of signal abnormalities involving the deep
gray matter, brainstem, or mesial temporal lobes,
where it is typically cortical (Fig. 13). Infarcts have
also been reported.”® Of note, MR studies may be
normal in patients with WNV encephalitis. Flaccid
paralysis has been reported in multiple cases of
WNYV, and spine MR findings include anterior horn
signal abnormalities and enhancement of the cauda
equina.”®

Rabies

Rabies encephalitis is a rare acute infection of the
CNS by caused by an RNA virus of the rhabdovirus
family. The mode of transmission to humans is
primarily via the bites of rabid animals. After inoc-
ulation the virus reaches the CNS through retro-
grade axoplasmic flow.8° Human rabies presents
in two forms: encephalitic and paralytic. In the
CNS there is an initial proclivity toward infection

Fig. 12. Japanese encephalitis. (A, B) T2-weighted image demonstrates abnormal signal involving the midbrain
(A) and bilateral thalami (B). (Courtesy of Hemant Parmar, MD, University of Michigan.)
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Fig. 13. West Nile virus. (A) T2-weighted images are initially unremarkable other than for age-related volume
loss. (B) T2-weighted image acquired 2 months later demonstrates abnormal T2 signal involving the thalami
and imaged portions of the inferior basal ganglia bilaterally.

of the gray matter. Reports of imaging findings in
patients infected with the rabies virus are sparse.
Reported imaging findings include areas of hypo-
attenuation on CT and hyperintensity on T2-
weighted imaging involving the brainstem, basal
ganglia, and thalamus (Fig. 14).8%8" An abnormal
signal on the T2-weighted image involving the
hippocampi, cerebral white matter, and central
gray matter of the cord can also be seen.®® Asso-
ciated mild to moderate enhancement of these
lesions is a late feature.®° The imaging findings
can support the diagnosis of rabies encephalitis
in the appropriate clinical context.

Subacute Encephalitis

Subacute encephalitis refers to cases in which the
onset of symptoms is insidious when compared
with the clinical course of acute encephalitis, exam-
ples of which are discussed earlier in this article.
Many infections fall into this category. Some disease
processes that radiologists should be aware of
include HIV encephalitis (HIVE), progressive multi-
focal leukoencephalopathy (PML), cytomegalovirus
encephalitis, which can result in either acute or
chronic encephalitis, Creutzfeldt-Jakob disease
(CJD), and subacute sclerosing panencephalitis.

Fig. 14. Rabies. (A-C) Noncontrast (A) and contrast-enhanced (B, C) CT scans show nonenhancing bilateral basal
ganglia hypodensities. (From Awasthi M, Parmar H, Patankar T, et al. Imaging findings in rabies encephalitis.

AJNR Am J Neuroradiol 2001;22:678; with permission.)
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Fig. 15. Human immunodeficiency virus encephalitis. FLAIR (A) and T2-weighted (B) MR images demonstrate
volume loss and periventricular and deep white matter signal abnormality without mass effect.

HIV Encephalitis

AIDS dementia complex is a syndrome of cognitive,
behavioral, and motor abnormalities attributed to
direct HIV infection of the brain. The imaging findings
of AIDS dementia complex are frequently referred
to as HIVE.”® The typical imaging appearance is
the combination of atrophy and periventricular, rela-
tively symmetric areas of T2 signal abnormality.
HIVE does not result in mass effect or enhancement.
If either of these findings is present, another
diagnosis must be considered (Fig. 15). Proton
"H-NMR spectroscopy reveals decreased NAA
and elevated peaks of choline and myo-inositol.®?
Magnetization transfer ratios (MTR) are reported to
help differentiate HIVE from PML. There is a marked
decrease in MTR with PML lesions, thought to be
secondary to demyelination.®® DTl has been re-
ported to depict abnormalities in mean diffusivity
and fractional anisotropy in the subcortical white
matter, even when the brain appears normal on
conventional MR images in HIV-positive patients.
Of note, the patients in whom statistically significant
differences were noted were those not receiving
HAART and with detectable viral loads.?* Other
investigators have found DTI to be not fully helpful
in identifying patients with early HIV infection.®®
The clinical role of imaging with DTl in HIV patients
seems to be relatively limited at this point. None-
theless, imaging plays a crucial role in the manage-
ment and evaluation for infections in HIV patients.

Progressive Multifocal Leukoencephalopathy

PML results from infection of the oligodendrocytes
with a papovavirus, JC virus, named after the index
patient.®® PML is most commonly seen in patients

with AIDS, but can occur in a spectrum of immuno-
compromised patients. PML results in progressive
neurologic decline. The JC virus directly infects the
oligodendrocytes, which are thus unable to main-
tain myelin. The resultant white matter lesions
are typically multiple, bilateral, asymmetric, and
confluent.2® Any region of the brain may be in-
fected, but there is some increased prevalence of
lesions seen in the parietal lobe, and overall supra-
tentorial lesions predominate over infratentorial
lesions.®® The lesions demonstrate increased
T2 and decreased T1 signal, and corresponding
low attenuation on CT images (Figs. 16 and 17).

Fig. 16. Progressive multifocal leukoencephalopathy
(PML). Noncontrast head CT demonstrates extensive
abnormal low attenuation within the right frontal
and parietal lobes.

601



602

Rath et al

Fig. 17. PML. MR imaging FLAIR (A), T1 postcontrast (B), diffusion-weighted, (C), and ADC map (D) images. (A)
Extensive right hemispheric white matter and subtle left periventricular signal abnormality is noted, with
some mass effect in the form of flattening of the right lateral ventricle. (B) Minimal associated enhancement
is appreciated. (C, D) Scattered areas of peripheral restricted diffusion are noted with corresponding decreased

signal on the ADC maps.

Significant mass effect or enhancement is un-
common; although peripheral enhancement has
been reported.”®%% A key point to remember is
that PML typically involves the peripheral white
matter, involving the subcortical U fibers,®”
whereas CMV and HIV tend to involve the periven-
tricular white matter. Furthermore, in patients with
PML the CT and MR findings discussed earlier are
typically asymmetric compared with the more
symmetric abnormalities noted with HIVE.”® The
degree of brain atrophy is significantly milder in
PML than that seen in HIVE,®® although consider-
able overlap of these disease processes exists.”®

PML lesions can demonstrate patchy restricted
diffusion that is frequently peripheral and is thought
to correlate with areas of lesion expansion.®”-88
There is some evidence that diffusion-weighted
images can evaluate for response of PML to HAART.
Specifically, Usiskin and colleagues®® described
PML lesions demonstrating marked reduction in le-
sional ADC and reconstitution of anisotropy in the
affected areas that correlated with treatment
response, although this was a case report (see
Fig. 17). Some early research also suggests that
patients with rapid clinical progression following
initiation of HAART have lesions with higher ADC



Imaging of Pyogenic Infection and Encephalitis

values and are at risk of developing immune recon-
stitution inflammatory syndrome.®® MR spectro-
scopic analysis of the affected white matter may
demonstrate decreased NAA, elevated choline,
presence of lactate, increased lipids, and potential
elevation in myo-inositol levels.°° Again, MTR are re-
ported to help differentiate HIVE and PML. There is
a marked decrease in MTR with PML lesions,
thought to be secondary to demyelination.®®

Creutzfeldt-Jakob Disease

CJD is a spongiform encephalopathy character-
ized by progressive dementia. The infecting
organism is a prion. CJD is classified into sporadic
CJD, familial CJD, and acquired forms. The

so-called acquired forms include new variant
CJD, kuru, and iatrogenic CJD. New variant CJD
has similarities to bovine spongiform encephalop-
athy, which is thought to be transmitted from in-
fected cattle to humans. Kuru was first described
in brain-eating cannibals in New Guinea.®! latro-
genic CJD has been described in patients
following corneal transplants, ingestion of prior
contaminated human growth hormone, and fol-
lowing transplantation of cadaveric dural matter.®"
Approximately 85% of the cases are classified as
sporadic CJD with an unknown source of infec-
tion.®® Hereditary CJD accounts for approximately
10% of cases. Rapidly progressive dementia, peri-
odic synchronous discharges on the electro-
encephalogram, and myoclonus are classic

Fig. 18. Creutzfeldt-Jakob disease. MR diffusion-weighted (A), ADC map (B), and FLAIR (C) images. True restricted
diffusion involving the basal ganglia and thalamus (pulvinar) are noted.

603



604

Rath et al

features of sporadic CJD. Typical MR imaging
findings in sporadic CJD are areas of restricted
diffusion along the cortex and involving the deep
gray matter structures; corresponding hyperinten-
sity on the T2-weighted and FLAIR sequences
can be seen.”* The characteristic MR imaging
abnormality in new variant CJD is restricted diffu-
sion and hyperintensity on T2-weighted imaging
involving the pulvinar nuclei (Fig. 18).%2

SUMMARY

CT and MR imaging have had a great impact on
the diagnosis and management of brain abscess.
CT provides a rapid means of localization, guid-
ance for stereotactic aspiration, and serial postop-
erative evaluation. MR imaging has improved
sensitivity for the detection of cerebral abscess
and its associated complications. Restricted diffu-
sion within a ring-enhancing mass is typical but
not pathognomonic of a brain abscess. In cases
of uncertainty, MR spectroscopy complements
diffusion-weighted imaging and can improve diag-
nostic confidence. Abscess drainage with tar-
geted antimicrobial therapy remains the standard
treatment.

The cause of encephalitis can be suggested in
some cases based on imaging findings, particularly
when combined with CSF and serologic studies
and patient history including age, immune status,
and geographic and seasonal information.
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