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Inflammatory Diseases of the Brain in Childhood 

Charles R. Fitz1 

From the Children's National Medical Center , Washington, DC 

Pediatric inflammatory disease may resemble 
adult disease or show remarkable, unique char
acteristics. This paper summarizes the current 
imaging of pediatric diseases with emphasis on 
those that are the most different from adult ill
nesses. 

Congenital Infections 

Most intrauterine infections are acquired 
through the placenta, although transvaginal bac
terial infections may also occur. The TORCH 
eponym remains a good reminder for these enti
ties, identifying toxoplasmosis, others, rubella, 
cytomegalic virus, and herpes simplex. A second 
H for HlV or perhaps the words A (AIDS) TORCH 
should now be used, as AIDS becomes the most 
common maternally transmitted infection. 

Toxoplasmosis 

This infection is passed to humans from cats, 
since the oocyst of the Toxoplasma gondii para
site is excreted in cat feces . The incidence of 
seropositive adult human females is about 90% 
in France and in some parts of the United States 
(1). Congenital infection occurs only when the 
mother becomes infected during pregnancy. Tox
oplasmosis is said to affect 3% of pregnancies in 
France (2), and between 1 in 1,000 to 1 in 8 ,000 
pregnancies in the Unites States (1). The most 
complete recent radiologic report of the condition 
is Diebler et a!' s review of 31 infants (2). They 
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found that the frequency of congenital involve
ment increases with each trimester, being 17%, 
25 %, and 65%. However, infection severity de
creases in each trimester. The true frequency of 
early cases may have been underestimated in 
their study, because spontaneous abortions were 
not included in the retrospective analysis. 

Intracranial calcification is the most notable 
radiologic sign. Basal ganglial, periventricular, 
and peripheral locations are all common (Fig. 1). 
Large basal ganglial calcifications are related to 
early infection, as is hydrocephalus. The hydro
cephalus is invariably secondary to aqueductal 
stenosis (2), and often has a characteristically 
marked expansion of the atria and occipital horns 
(Fig. 2), probably partly due to associated tissue 
loss. This is associated with increased periventric
ular calcification in the author's experience. Mi
crocephaly is common, and encephalomalacia is 
seen occasionally (2). Hydrencephaly has also 
been reported (3). 

Because calcifications are common and fairly 
characteristic, computed tomography (CT) is 
preferable to magnetic resonance (MR) imaging 
for diagnosis. Clinically, infants infected with T. 
gondii most commonly show chorioretinitis, sei
zures, and developmental delay. 

Cytomegalovirus 

Cytomegalic virus (CM V) is a herpes virus that 
infects nearly every person at some time in his 
life. Congenital infection occurs when maternal 
infection or reactivation of infection happens dur
ing pregnancy (4). The incidence of infection is 
considerably higher in lower socioeconomic than 
middle-class women, with a seroconversion rate 
of 6% per year versus 2% per year in the two 
groups (4). As with toxoplasmosis, earlier mater
nal infection results in a more severe infant infec
tion (5). Up to 2% of newborns are said to be 
positive for the virus (6) . At the author's hospital, 
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Fig. 1. Toxoplasmosis in a 1-month-old 
infant; noncontrast CT. There is extensive 
basal ganglia calcification plus peripheral 
calcification primarily in the subcortical 
white matter. Diffuse atrophy and ventricu
lar enlargement are present. (Courtesy of Dr 
Carl Geyer, Walter Reed Army Medical Cen
ter, Washington , DC.) 

Fig. 2. Toxoplasmosis with calcification 
and hydrocephalus; noncontrast CT in a 3 112-
week-old infant. There is severe hydroceph
alus, periventricular and peripheral calcifi
cation, and intraventricular calcification, 
probably on inflammatory septations. 

Fig. 3. CMV infection in a 11-week-old 
microcephalic retarded infant. Typical peri
ventricular calcifications are present on CT. 
Although microcephalic, there is a superim
posed hydrocephalus secondary to aque
ductal stenosis. 

Fig. 4. CMV infection in a 10-month-old 
infant with migration anomalies, microce
phaly and spastic quadriplegia. CT reveals 
peri ventricular calcifications on the right and 
pachygyria of the frontal lobes, more easily 
seen on the left. 
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Fig. 5. AIDS; 15-month-old child with AIDS and delayed de
velopment; noncontrast CT. Typical calcifications are seen in the 
lenticular nuclei, the heads of the caudata nuclei, and more 
peripheral white matter in the frontal lobes. Generalized atrophy 
is also present. 

imaging for CMV infection is 2.5 times more 
common than for toxoplasmosis. Like toxoplas
mosis, CMV causes destructive changes in the 
brain that lead to calcification and microcephaly. 
CMV has a higher predilection for periventricular 
calcification (Fig. 3) that may be very thick in 
severe infections. Migration anomalies are some
times associated with CMV infection (Fig. 4), 
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Fig. 7. AIDS; T2-weighted MR (2800/80/.75) in a 20-month
old infant with developmental delay. Much of the subcortical 
white matter still has a higher signal than gray matter, indicating 
delayed myelination, particularly in the frontal lobes. The overall 
white matter volume is thought to be mildly decreased. 

Fig. 6. AIDS in a 3-year-old child. 
A, Noncontrast CT shows dense calcifi

cations in the basal ganglia and smaller but 
also dense calcifications in the frontal white 
matter. There is generalized atrophy. 

8 , Three weeks later, during a preterminal 
bout of sepsis without identifiable brain in
fection, CT shows striking further loss of 
brain tissue. The calcifications are un
changed. 

suggesting a propensity to affect the germinal 
matrix. Calcification is also seen in the basal 
ganglia and other areas of the brain, so the pattern 
of calcification alone is not diagnostic. 

Additional findings reported with CM V include: 
cerebellar hypoplasia (7), small subependymal 
cysts in the occipital horns that may be a fairly 
specific finding on MR (8), and increased echo-
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Fig. 8. Neonatal meningitis; 5-week-old 
infant wi th 1 week history of group B strep
tococca l meningit is. 

A, Contrast-enhanced CT shows en
hancement along the path of the middle 
cerebral artery (arrow heads), and the edges 
of the temporal lobes (arrows). 

B, More superiorl y, CT shows hyd roceph
alus and a right frontal infarction thought to 
be secondary to venous thrombosis. 

Fig. 9. Group B streptococcal meningitis; 
6-week-old infant. 

A , Noncontrast CT shows a hemorrhagic 
right occipital lobe infarct. 

B, Contrast-enhanced CT shows faint en
hancement of the ventricular wall (arrows), 
indica ting ventriculi t is. 

A 

A 

genicity of the thalamo-striate arteries causing a 
candelabra-like pattern on ultrasound (9). How
ever, Ben Ami et al (10) found the same cande
labra-like pattern in a variety of congenital and 
neonatal infections. Tassin et al diagnosed CMV 
infection in the second trimester by using ultra
sound to detect periventricular calcifications (11 ). 

As calcifications are far less likely to be visible 
on MR than CT, CT is probably the more useful 
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and the simpler examination to perform initially. 
MR may be needed if a migration anomaly is 
suspected but not clearly seen. 

Clinically, infants infected with CMV are often 
premature with hepatosplenomegaly, jaundice, 
thrombocytopenia , and chorioretinitis. Sensori
neural hearing loss is common (4) . Perinatal in
fection is relatively common, but is rarely symp
tomatic. 
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Rubella 

Because of maternal screening and immuniza
tion, congenital rubella has become a rarity in the 
developed world. Radiologic findings are similar 
to other viral infections. Microcephaly and brain 
calcification, especially basal ganglial and cortical 
calcification, are seen. Low density of the deep 
white matter has been described on CT (12). The 
first trimester infection is the most severe. The 
eyes are especially affected with cataracts, glau
coma, and chorioretinitis all occurring. Deafness 
is also common. Cardiac anomalies are also seen 
(13). 

Herpes 

Herpes simplex is far more often transmitted 
at birth than in utero. Reports of radiologic find
ings are rare. As with other placentally transmit
ted infections, herpes infection commonly causes 
microcephaly. Periventricular calcifications with 
ventricular enlargement and cortical calcifications 
are usually present (14, 15) but exhibit no distin
guishing features. Retinal dysplasia is common. 

Herpes zoster (chicken pox) is an uncommon 
intrauterine infection because of frequent child
hood exposure and immunization. No reports of 
CT findings are published, but one would expect 
abnormalities similar to the previously described 
infections. Microcephaly, cataracts, chorioretini
tis, cortical atrophy, and limb atrophy are com
mon clinical abnormalities (16). 

Others 

Human parvovirus B-19 has recently been dis
covered to cause a variety of conditions including 
fetal hydrops and death (17). Its prevalence and 
severity are poorly studied, but perhaps it is an 
important "Other" in the TORCH spectrum. 

AIDS 

Seventy-eight percent of childhood HIV infec
tion is maternally transmitted, even though only 
about one-third of HIV positive mothers pass on 
the infection (18). Although infants are asymp
tomatic at birth and the chronic symptoms de
velop slowly over many months, the disease will 
be described with the congenital infections. Most 
often, the infants begin to show progressive de
velopmental delay by 6 months, and are prone 
to repeated infections. Unlike adults, they stay 
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t'ig. 1 0. Ventriculit is; Listeria m onocytogenes. 
A and 8 , 5 MHz coronal (A) and sagittal (B) sonogram s at age 

4 weeks show mild hydrocephalus with increased echogenicity of 
the ventricular walls and septations (white arrow) in the frontal 
horn. 

C, Noncontrast axial CT at age 6 weeks confi rms the frontal 
septations and shows progressive hydrocephalus. 
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Fig. 11. Haemophi/us influenzae meningitis; 4-month-old infant. 
A, Initial noncontrast CT after the infant presented with seizures. There is blurring 

of the gray matter-white matter interface throughout the brain, with edema extending 
into the right frontal cortex (arrows) . 

B, Noncontrast CT 3 days later shows enlargement of the sulci secondary to mild 
co~pmunicating hydrocephalus and low density in both frontal lobes from edema. 

C, Contrast-enhanced CT 6 days after the initial study shows early subdural 
effusions with enhancing inner membranes. 

D, More superiorly, there is patchy cortical enhancement with adjacent white 
matter edema and a left-sided effusion (arrows). 

E, Axial T2 MR (3,000/ 100/.75) 14 days after the initial CT reveals hydrocephalus 
and white matter edema in both frontal lobes and the right parietal-occipital lobe. 
Enlargement of the sulci is probably due to both hydrocephalus and early atrophy. 

F, Post-gadolinium coronal T1 MR (600/ 20/ 1) reveals bilateral subdural effusions 
with enhancing inner and outer membranes plus meningeal enhancement, especially 
well seen along the falx . 

G, Noncontrast CT 4 1h weeks after the initial study shows meningeal calcifications 
in both frontal regions and the right occipital region. Cortical atrophy and low-density 
white matter malacia are also present. 
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Fig. 12. Hydrocephalus with septations; 2-month-old infant. 
Contrast-enhanced CT through the lateral ventricles shows en
hancement of multiple septations and of the ventricular walls. 
The fluid compartments have differing densities due to variable 
protein content. A portion of the ventricular shunt (s) is visible 
on the right side. There is a shift of the midline structures to the 
right, because of noncommunication on the left. 

relatively free of obvious central nervous system 
(CNS) complications, such as unusual tumors and 
infections. 

Imaging studies are likely to show atrophy and 
calcification. In a group of 29 children studied at 
the author's hospital, 25 of whom had neurologic 
deterioration, 26 (89%) had atrophy, especially 
centrally. Ten (34%) had calcification of the basal 
ganglia (Figs. 5 and 6). White matter calcification 
was also seen in three of these children (Figs. 5 
and 6) and cerebellar calcification in one. All 10 
children were symptomatic and at least 12 
months old. MR revealed delayed white matter 
myelination, increased T2 signal in the white 
matter, and suspicion of decreased white matter 
volume (Fig. 7) (19). The latter finding might also 
be related to maternal drug use itself, which has 
been reported to cause white matter hypoplasia 
(20). 

Opportunistic infections such as toxoplasmo
sis, common in adults, are found much less often 
in children. Reactivation of congenital CMV has 
been reported (21). Active viral infection of the 
deep white matter is common (22). Brain-stem 
encephalitis has been reported (23). 

Three children in our series had intracerebral 
hemorrhage secondary to thrombocytopenia. 
Park et al 24 found a 24% incidence of hemor
rhagic and/ or nonhemorrhagic infarcts at autop-
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Fig. 13. Citrobacter infarction; contrast-enhanced CT in a 24-
day-old infant. There is a large homogeneously low-density mass 
with enhancing rim in the right frontal lobe resembling an early 
abscess. The mass expanded even larger, but was a sterile necrotic 
infarction at operation . 

sies of pediatric AIDS patients. Additionally, one 
child had an arteropathy and another had marked 
dilatation of the circle of Willis. CNS tumors are 
uncommon in pediatric AIDS. Scattered cases of 
non-Hodgkin lymphoma are documented (25). 

Perinatal and Early Infancy Infection 

Neonatal sepsis is very dangerous, with a mor
tality rate of 15%-50% (26). Bacterial meningitis 
is likewise devastating. Group B streptococcus, 
gram negative Enterobacter bacilli, and Listeria 
monocytogenes are the three most common 
causes of neonatal meningitis (26). 

Sepsis occurs in 1.5 per 1,000 births (27), and 
meningitis in 20% of these. Infections occurring 
in the first days of life are likely to be maternally 
transmitted; those occurring after a few days are 
not (28). The route of infection is thought to be 
hematogenous, probably with choroid plexus in
volvement and ventriculitis being the intracranial 
origin of the infections. 

Imaging studies are usually not specific for 
individual infections. However, Volpe (28) empha
sizes some pathologic variables that may be re
flected in imaging. He indicates effusions are 
much less common in meningitis occurring in the 
first week of life than 2 or 3 weeks later. Group 
B streptococcal infection has a more limited in
flammatory reaction in the brain, but a higher 
incidence of infarctions. 
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Fig. 14. Herpes encephalitis; 4-week-old infant. 
A, Noncontrast CT. The broad zone of low density throughout much of the cerebral hemispheres from cortex to external capsule 

contains multiple "gyral" high densities thought to represent hemorrhage. 
8 , Coronal T1 MR (600/20/2) 4 days later shows diffuse low-signal edema throughout most of the brain, with some cortical and 

central sparing. 
C, Coronal T2 MR (3600/100/1) through the parietal lobes. High-signal edema spares only the superior part of the parietal lobes. 

Multiple low-signal foci in the cortex (arrows) are due to hemorrhage. 

Arachnoiditis is often basal (Fig. 8). Thrombo
sis from venous infarction is relatively common 
(Figs. 8 and 9). Ventriculitis occurs in 50% or 
more of cases (29), but is usually not obvious on 
imaging studies (Fig. 9). It can sometimes be 
identified on ultrasound exams (30) with in
creased intraventricular echoes from inflamma
tory debris, thickened irregular ventricular walls, 
periventricular echoes, and parenchymal cavita
tion when severe (Fig. 1 0) . 

Imaging studies may change rapidly from initial 
meningitis to severe edema in a few days, and to 
multiple infarcts, atrophy, or encephalomalacia 
within 2 to 3 weeks (Fig. 11 ). Calcification has 
been reported as early as 4 to 5 weeks after 
infection (31, 32) and may vary in location from 
peri ventricular to meningeal (Fig. 11 G). Hydro
cephalus is common, probably resulting from 
both arachnoiditis and ventriculitis (Figs. 8 and 
11). Multiple isolated ventricular septations may 
occur, making shunting of the hydrocephalus 
more complicated (Fig. 12). Increased echogen
icity of the parenchyma may be displayed by 
ultrasound (33), but such echogenicity may indi
cate edema, hemorrhage, and/or infarction. Bab
cock and Han (34) suggested increased gyral 

echoes are a precursor to infarctions and suggest 
poor outcome. 

Citrobacter organisms in particular, and other 
gram negative bacilli that secrete endotoxins have 
a propensity to cause large focal cavitated in
farcts, often with abscess formation (35). Sub
dural effusions are common in neonatal infec
tions, especially with gram negative meningitis, 
and, according to Volpe (28), after the first week. 
These effusions may be sterile or infected (Fig. 
13). 

While the specificity and accuracy of brain 
pathology generally increases from ultrasound to 
CT to MR, infants may be far too ill to undergo a 
long MR. Even through ultrasound may be a less 
specific method, many abnormal findings can be 
identified, and the outcome worsens for the in
creased frequency of such findings. 

Neonatal herpes infection is almost always her
pes simplex II from maternal vaginal transmission 
at birth. The incidence is said to be about 1 per 
2,000-5,000 births (36, 37). Focal seizures are 
commonly the first symptoms. Involvement is 
diffuse throughout the cerebrum. Cerebellar in
volvement has been reported in about half of the 
cases (36). Diffuse but patchy gray matter and 
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Fig. 15. Herpes encephalitis. 
A, Contrast-enhanced CT during acute infection shows low 

density throughout the frontal and posterior cerebral regions, with 
increased brightness to the gyri. 

B, Lateral skull radiograph 6\/z months later shows microce
phaly and multiple intracranial calcifications. 

white matter attenuation and signal changes 
(edema) are often the first CT or MR findings, 
with later meningeal enhancement visible by both 
exams (Figs. 14 and 15). CT scans are usually 
not positive in the first 24 to 48 hours, but 
Norbehesht et al (36) found three of 15 infants 
had positive CT scans within 1 day after symp
toms began. Increased gyral density and gyral 
enhancement may develop quickly (Fig. 14), pos
sibly representing hemorrhage or calcification 
(36, 38). I believe that the early increased density 
is more likely hemorrhage secondary to reperfu-
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sion, although calcification clearly occurs later 
(36) (Fig. 15). Similar gyral increased densities 
and increased T2 MR signal is seen in other 
infections and in anoxic infants. Junek et al (39) 
reported an infant in whom persistent high den
sity on CT was shown to be due to contrast 
retained in the brain, at least in part. 

While other viral encephalitis is uncommon in 
the neonatal period, Haddad et al (40) reported a 
case of neonatal echovirus infection with periven
tricular white matter necrosis. Unfortunately , no 
early MR was done to prove the finding did not 
exist prior to the infection. 

Infection in Later Infancy 

Beyond the neonatal period, bacterial menin
gitis frequently remains a devastating illness with 
similar findings to the neonate. Subdural effusions 
remain common, especially with Haemophilus 
influenza infection ( 41) (Fig. 16). Probably due to 
the expandability of the infant head, indolent 
extradural and subdural empyemas may occa
sionally occur with few symptoms (42) (Fig. 17). 

Infections beyond Infancy 

As one might expect, the older the child, the 
more adult-like is the infection. Discussion of 
these diseases, therefore, will be relatively brief. 

Meningitis 

Meningitis is usually milder in older children 
than in infants. These children often do not 
undergo imaging except for a CT prior to lumbar 
puncture. This CT almost invariably shows no 
obstructive abnormality. Mild hydrocephalus is 
common. Enhancement is often not visible on 
CT. In the author 's hospital, only 42% of contrast
enhanced CT scans revealed any enhancement. 
MR is more likely to reveal meningeal enhance
ment (Fig. 18), as has been experimentally doc
umented (43). 

Encephalitis 

HSV 1 is the most commonly reported viral 
encephalitis. In older infants and children , as in 
adults, it usually affects the temporai-Sylvian 
region . Initial findings are focal edema and occa
sional hemorrhage on CT (44) (Fig. 19), and 
altered signal intensity in the temporal cortex and 
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Fig. 16. Haemophilus influenzae meningitis with subdural effusion; 7-month-old infant. 
A, Contrast-enhanced CT shows bilateral effusions with prominent enhancement on the left side and hydrocephalus. 
8 , Proton-density MR 2 weeks later (2800/ 30/ 1). The effusion is larger, especially on the right, exerts mass effect, and has a signal 

intensity greater than that of ventricular CSF. The higher protein content of the left-sided effusion causes an MR signal closer to that 
of brain , so it is better seen on T2 MR (2800/80/ 1) (C) where the full extent of the effusion is more easily recognized . 

white matter on MR (Fig. 20). Subsequent infarct 
or atrophy is common. Calcification has been 
reported on long-term follow-up in children less 
than 3 years old (44). The temporal location is 
fairly specific for HSVl. Diffuse cerebral involve
ment does occur (45) and brain-stem encephalitis 
is occasionally reported (46). CT is rarely positive 
before 48 hours after onset of neurologic symp
toms. Radionuclide brain scan may be a positive 
earlier (47). MR may also be abnormal earlier. 

Other viral encephalitides occur, but are often 
the diagnosis of exclusion (Fig. 21). Epstein-Barr 
infection has recently been found to cause rapidly 
changing multifocal gray matter and white matter 
abnormalities on MR ( 48). 

Postinfectious Encephalitis 

Subacute sclerosing panencephalitis (SSPE) is 
a progressive encephalitis found primarily in chil
dren several years after measles infection. It is 
rare, with an incidence said to be 1 per million 
(49). Onset is usually heralded by mental deteri
oration, behavior problems, and seizures with a 
usually fatal outcome months to years later. De
struction of both cortical gray matter and white 
matter and brain stem occur. White matter de
myelination and white and gray matter gliosis 
occur (50). Recently, measles virus genomic se
quences have been grown from SSPE brain-tissue 
samples (51). 

CT is often initially normal, followed by diffuse 
atrophy with relapses (52, 53), with marked en
largement of the Sylvian fissures. Multiple low 
densities may appear in the white matter (54) 
plus enhancement of subcortical white matter 
and corpus callosum (53). MR has shown exten
sive cerebral and cerebellar white matter and 
brain-stem changes before CT is positive (50). 
Weiner et al (55) reported partial resolution of 
these changes in spite of clinical progression. 

Acute disseminated encephalomyelitis usually 
occurs after a vaccination or a viral illness, or, 
sometimes, rheumatic fever. It is thought to be 
an autoimmune inflammatory encephalitis. Chil
dren usually present with seizures. There is often 
complete recovery. MR shows some multiple cor
tical and subcortical lesions with increased signal 
on T2-weighted images (Fig. 22) (56). CT has 
been reported to show decreased density in the 
white matter, with multiple nodular or gyriform 
areas of enhancement (57). The lesions may 
resemble multiple sclerosis. 

Progressive multifocal encephalopathy (PML) 
is a demyelinating illness caused by reactivation 
of papovavirus. It is found in immune-suppressed 
patients, especially those with AIDS (58). MR 
shows much variability from focal single lesions 
to large confluent foci of increased T2 signal in 
the white matter, and even cortical involvement 
(59). There are no imaging reports of HIV positive 
children with PML. 
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Fig. 17. Extradural empyema; 17-month-old girl referred for 
large head and developmental delay. 

A, Contrast-enhanced CT shows extremely thick, enhancing 
walls of the frontal and occipital portions of the extradural em
pyema. 

B, Noncontrast coronal T2 MR through the frontal lobes (2800/ 
80/1) reveals the surface location of the collection. The thick 
walls have low signal and were found to be extremely fibrous at 
operation . The lesion extended in a tubular fashion across the 
cerebrum from frontal to occipital lobes with considerable mass 
effect. 

Subdural and Epidural Empyemas 

Although occasionally due to craniotomy or 
trauma, nearly all empyemas in children are sec
ondary to extension of frontal sinusitis, and, 
therefore, rarely occur before about age 10. Mas
toiditis causes empyemas much less often than 
does sinusitis. CT reveals crescentic or biconvex 
lens-shaped fluid collections with decreased den
sity and an enhancing rim (Fig. 23) (60). Although 
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Fig. 18. Meningitis. Coronal post-gadolinium T1 MR (700/20/ 
2) in a 13-year-old with X-linked hypogammaglobulinemia and 
viral meningitis. There is enhancement of the upper half of the 
meninges (arrows). 

beginning frontally, they may spread quickly over 
any portion of the brain surface and between the 
hemispheres. Except for the midline location, it 
may be difficult to tell if the infection is subdural 
or epidural. However, with MR a displaced dark 
dural rim can be identified in epidural empyema 
(61). The fluid has increased signal compared to 
water in both T1 and T2. Cortical edema and 
cerebritis are more easily seen on MR than on 
CT. 

Abscesses 

Bacterial abscesses are rare in childhood in 
developed countries, even in children with con
genital heart disease and immune problems. The 
exception is the neonatal infections previously 
described. Abscesses evolve from focal cerebritis 
with formation of a fibrous capsule. Enzman et 
al (62, 63) described four stages-early and late 
cerebritis, and early and late capsule formation . 
The process takes 2 weeks from onset. True 
capsule formation is difficult to determine by CT. 
As the capsule forms, there is enhancement by 
either exam (Figs. 24 and 25). MR is said to have 
a slightly increased T1 and decreased T2 signal 
early, and an increased T2 signal as the capsule 
matures. In the chronic phase, there is a de
creased T2 and an isointense Tl. Surrounding 
edema is usually intense. 

Rings of variable density have been described 
within the central necrosis (62). Extraparenchy
mal spread to the ventricles and subarachnoid 
space is said to be more commonly seen with 
MR than CT (64) . Although the appearance of 
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Fig. 19. Herpes encephalitis; 11-year-old boy with 1 day of headache and generalized seizure immediately before CT. 
A, Noncontrast CT shows questionably decreased density in the left temporal lobe. 
8 , Contrast-enhanced CT interpreted as normal , but perhaps showing abnormal prominence of left Sylvian fissure arteries. 
C, Contrast-enhanced CT 6 days later shows marked edema of the left temporal lobe. 

Fig. 20. Herpes encephalitis; 1-year-old 
infant. 

A, Axial T2 MR (2800/ 80/ 1) shows bilat
eral high signal in the temporal lobes, pri
marily cortical. The thalami and basal gan
glia are also affected. 

8 , Contrast-enhanced axial T1 MR (620/ 
30/ 2) at the same level shows enhancement 
of the temporal-opercular cortex on each 
side. 

A 

abscesses in children is not significantly different 
from that in adults, the agents of infection often 
differ. Brook (65) reported 63 % anaerobic, 26 % 
mixed, and only 11 % aerobic infections in 19 
pediatric abscesses and empyemas. Sinusitis was 
common in abscesses as well as empyema. 

Granulomatous Disease 

Tuberculosis is relatively rare in developed 
countries, but is common throughout the rest of 

8 

the world. Tuberculomas are said to account for 
47% of intracranial masses below age 15 in India 
(66). Neurologic symptoms are often mild. Miliary 
tuberculosis is usually the primary source of CNS 
seeding. Basal meningitis is typical (Fig. 26), with 
the exudate sometimes causing vasculitis and 
infarcts due to occlusion of the penetrating arter
ies (67). Tuberculomas may occur in any part of 
the brain. MR appearance is typical, being iso
tense to gray matter on both T1 and T2 images, 
although occasionally being hypointense on T2. 
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This is combined with a ring-like enhancement 
(68). Central calcification with ring enhancement 
is commonly seen on CT (69). 

Sarcoidosis is a granulomatous disease of un
known cause. It is quite rare before puberty, and, 
therefore, is uncommon in children. Cranial neu
ropathy is common (70), and MR can identify 
enhancement of affected nerves. Meningitis and 
hydrocephalus are common. Parenchymal 
masses may be found, especially in the hypo
thalamus. The granulomas resemble those of 
tuberculosis, and have no surrounding edema 
(Fig. 27) (71). 

Lyme Disease 

Tick-borne Lyme disease, caused by the spi
rochete Borrelia burgdorferi occurs through mul-
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Fig. 21 . Viral encephalitis; 2-year-old 
boy ; T2 MR (2800/80/1). 

A, Mildly increased signal is visible in the 
brain stem, cerebellar peduncles, and cere
bellar white matter. 

8, Focal increased signal is more evident 
in the subcortical white matter. There was 
minimal enhancement. Follow-up study 
showed complete reversal , suggesting the 
findings were due to edema. 

Fig. 22. Acute disseminated encephalo
myelitis in a 6-year-old; T2 axial MR (2200/ 
80/1) . 

A, Foci of high signal are present in the 
brain stem. 

8 , Multiple foci of high signal demyelina
tion are scattered throughout the white mat
ter from subcortical to periventricular loca
tions. (Case courtesy of Dr. Carl Geyer, Wal
ter Reed Army Medical Center, Washington, 
DC) 

tiple regions of North America. Neurologic symp
toms are variable and nonspecific. Clinical diag
nosis can be very difficult without the history of 
the characteristic large ring-like rash. MR has 
been reported to show involvement throughout 
many white matter areas from cerebral subcorti
cal zones to the cerebellar peduncles (72, 73). 
Thalamic and basal ganglial regions may be in
volved. The lesion may show ring-like enhance
ment after Gd-DTPA (73). 

Cysticercosis 

Parasitic infections of the CNS are quite rare 
in North America except for cysticercosis which 
is caused by ingestion of ova from Taenia solium 
(the pork tape worm). Secondary larvae invade 
the CNS and other tissues. Nearly all pediatric 
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Fig. 23. Extra-dural empyema; 1 0-year-old girl with sinusitis 
and neurologic symptoms. Contrast-enhanced CT identifies fron
tal extradural abscess with densely enhancing dura (arrows) cross
ing the midline anteriorly. Subdural empyema is visible further 
posteriorly against the falx (curved arrow). 

Fig. 25. Abscess; 15-year-old girl. 
A. Sagittal T1 MR (800/ 25/ 2) without 

gadolinium. There is low signal within the 
abscess capsule. The capsule has higher 
signal than brain, and there is an irregular 
rim of low-signal edema. 

8 , Sagittal T2 MR (2500/ 80/ 2). The ab
scess contents and the edema all have in
creased signal. The material in the capsule 
that shows high T1 signal and low T2 signal 
is probably hemorrhage. The findings are 
compatible with a maturing abscess. (Case 
courtesy of Dr Larissa Bilaniuk, Children's 
Hospital of Philadelphia.) 

A 

cases occur in children who have emigrated from 
endemic areas of Mexico, Central, or South 
America. Most present with seizures. Symptoms 
are relatively rare before 6 years of age (7 4-76). 
In endemic areas, children often show multiple 
lesions that are spread from the subarachnoid 
space to the ventricles. Children emigrating from 
these areas to north Mexico usually have only 
one or a few foci of infection that are "parenchy
mal." Pathologically, many of the lesions that 
appear to be parenchymal by imaging are actually 
found to lie deep in sulci (77). 

Kramer et al (75) described several clinical and 
pathologic phases with corresponding CT find
ings. These begin with nonspecific symptoms and 
a CT showing parenchymal edema without en-
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Fig. 24. Cerebral abscess; 1 0-year-old who presented with 
fever, seizure and an infected tooth. There was no sinusitis. 
Contrast-enhanced CT reveals an enhancing capsule and marked 
mass effect in the right frontal lobe. Pus was drained at operation. 
The cause for the enhancement within the capsule adjacent to 
the inner table was not identified at operation. 

8 

hancement. This progresses to a small enhancing 
lesion that may have no edema. Chronic lesions 
first have cysts without enhancement or edema. 
The cysts then become edematous and go on to 
ring enhancement, as a fibrous capsule forms 
around the cyst (Fig. 28). The ring of enhance
ment corresponds pathologically to a dying larva. 
It is usually an average of 5-20 mm in diameter. 
By this time, most adults and children have sei
zures. Following this phase, an eccentric nodule 
on the cyst wall correlates with a dead or dying 
scolex. This is followed by calcification of the 
cyst wall. The changes occur over a number of 
months. 

MR descriptions have been somewhat less spe
cific. Suss et al (78) described live cysts with 
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Fig. 26. Tuberculosis in a 15-year-old girl. Gadolinium-en
hanced T1 MR (620/20/2) shows enhancement of the meninges 
along the belly of the pons, the midbrain, and beneath the 
hypothalamus with mild hydrocephalus. 

8 
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Fig. 27. Sarcoid; 17-year-old black girl. Contrast-enhanced 
sagittal T1 MR (620/20/2) shows enhancement of the pituitary 
stalk and hypothalamus. No crania l nerve enhancement was 
identified. 

c 
Fig. 28. Cysticercosis; 3-year-old hispanic girl who presented with seizures. 

D 

A, Noncontrast CT reveals white matter edema on the left. The cysticercus is poorly 
seen. 

B, Contrast-enhanced CT at the same level. The ring enhancement of the cysticercus 
is visible. A faintly visible nodule is thought to represent the actual scolex (arrow). The 
combination of ring enhancement and scolex suggests a dying lesion. 

C, T2 MR (2800/80/.75) 3 weeks later. There is increased right-sided and decreased 
left-sided edema. The right-sided capsule has rings of different signal intensities, probably 
representing different layers of capsule formation. 

signal higher than cerebrospinal fluid (CSF) on 
long TR images, and dying cysts with signal lower 
than CSF on T1 images. Martinez (76) showed 
active cysts to have signal equal to CSF in T1 or 
T2 11\R, whereas the scolex within the cyst has 
increased signal on both T1 and T2 images (Fig. 
28C). Degenerating cysts lost the identifiable 

scolex, had a more irregular cyst shape, and less 
edema (Fig. 280). This last stage or that of ring 
enhancement with edema suggests a dying 
scolex. Calcification indicates death of the para
site. MR better identifies the lesions than CT, 
except for those that are calcified, and also much 
more clearly shows nonparenchymal cysts. 
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