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Summary: The imaging findings in a case of panamebic menin-
goencephalitis and in a case of granulomatous amebic enceph-
alitis, two rare infections of the central nervous system caused
by amebae, are presented and the world literature is reviewed.
The brain CT findings in panamebic meningoencephalitis are
nonspecific; our case showed diffuse edema. In the case of
granulomatous amebic encephalitis, there was evidence of large
arterial occlusions and MR demonstration of spinal cord infarc-
tions.

Index terms: Nervous system, infection; Children, central ner-
vous system

Free-living amebae are known to cause two
distinct, rare infections of the central nervous
system: primary amebic meningoencephalitis
and granulomatous amebic encephalitis (1–3).
The clinical presentation and pathologic char-
acteristics of these two entities are sufficiently
different that they are rarely confused with one
another. This article demonstrates the imaging
findings in one case of each of these rare dis-
eases and reviews the literature.

Case 1
Five days after swimming in a lake, a 4-year-old boy

presented with fever, headache, vomiting, and meningeal
signs. Cerebrospinal fluid contained 1830 white blood cells
per cubic millimeter and empiric antibiotic therapy for
presumed bacterial meningitis was begun. Seizures and
mental status changes developed. A noncontrast brain
computed tomography (CT) scan revealed diffuse brain
edema (Fig 1). The patient died 48 hours after presenta-
tion and autopsy revealed Naegleria fowleri in the sub-
arachnoid space, diagnostic of panamebic meningoen-
cephalitis.

Case 2
A 17-month-old boy presented to a local emergency

room with irritability and vomiting. Augmentin therapy for
otitis media was begun. One day later left body weakness
and lethargy developed, and the patient presented to our
emergency room. An initial brain CT scan (Fig 2A–C)
revealed lucency in the right middle cerebral artery terri-
tory with mass effect and early hydrocephalus suggestive
of infarction. Occlusion of the right middle cerebral artery
was documented angiographically (Fig 2D) and subse-
quent CTs revealed multiple large-vessel infarctions (Fig
2E). No source of embolic phenomenon could be identi-
fied. Cerebrospinal fluid studies revealed elevated protein
(2180 mg/dL), decreased glucose (22 mg/dL), and 95
white blood cells per cubic millimeter. This was felt to be
compatible with tuberculous meningitis, and the patient
was treated with isoniazid, rifampin, and streptomycin.
Cerebrospinal fluid protein from lumbar puncture was
greatly elevated compared with that obtained from ven-
triculostomy, and therefore magnetic resonance (MR) im-
aging of the spine was performed to rule out spinal ob-
struction. A T1-weighted MR image (Fig 2F-H) revealed a
diffusely enlarged cord with heterogeneous signal and en-
hancement that was most prominent along the surface of
the cord (Fig 2I). The patient died on hospital day 24, and
autopsy confirmed multiple cerebral and spinal infarctions
secondary to a granulomatous meningitis and encephalitis
caused by an ameba of the Leptomyxida order.

Discussion

Panamebic Meningoencephalitis

Panamebic meningoencephalitis is an acute,
fulminant, rapidly fatal infection of the brain and
meninges caused by N fowleri (1–4). Although
this organism is found everywhere, the most
common source of exposure for humans is by
swimming in stagnant pools of warm freshwa-
ter, typically in summer months. Once the or-
ganism contacts the nasal mucosa, it pene-
trates the olfactory neuroepithelium and rapidly
advances along the mesaxonal spaces of the
olfactory nerves into the central nervous sys-
tem. Dissemination occurs through the sub-
Received March 9, 1993; accepted after revision July 9.
From the Departments of Radiology (D.J.S., R.D.T.) and Pathology (K.L.), Duke University Medical Center, Durham, NC.
Address reprint requests to R.D. Tien, Department of Radiology, Duke University Medical Center, Box 3808, Durham, NC 27707.

AJNR 16:930–935, Apr 1995 0195-6108/95/1604–0930 q American Society of Neuroradiology

930



Fig 1. A,Noncontrast CT at the level of
the temporal horns showing effacement of
perimesencephalic cisterns.

B, Noncontrast CT at the level of the
superior colliculus showing effacement of
the quadrigeminal plate cistern. Sulci
could not be identified anywhere in the ce-
rebral cortex. At autopsy, Naegleria fowleri
were identified in the subarachnoid space
in this patient with panamebic meningoen-
cephalitis.
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arachnoid space and into the adjacent cerebral
cortex, primarily at the base of the brain. Clini-
cal symptoms are similar to acute bacterial
meningitis. To date, there have been more than
140 cases of panamebic meningoencephalitis
reported in the literature (2), and 3 documented
survivors (5–9). Virginia, Florida, and Texas
have the highest reported incidence within the
United States (2). Prompt diagnosis and early
initiation of appropriate amebicidal antibiotics
(intravenous amphotericin B with supplemental
intrathecal amphotericin B and oral rifampin
[9]) are the cornerstones to improving survival
(8, 9).
We reviewed 10 CTs that have been reported

in the literature in cases of panamebic menin-
goencephalitis (including our own case and one
case in which 2 CTs were done) (9–15). Intra-
venous contrast was administered in two cases,
not administered in three cases, and not specif-
ically mentioned in five cases. The CT was in-
terpreted as normal in four cases. Cerebral
edema was the only finding in four cases. One
case showed both cerebral edema and contrast
enhancement of the basilar cisterns and sulci.
One case showed generalized meningeal en-
hancement in the basilar cisterns with mild hy-
drocephalus but no edema.
It has been more than a decade since the first

report of the CT findings in panamebic menin-
goencephalitis (11). In that report, contrast en-
hancement and obliteration of the basilar cis-
terns was described as a nonspecific, but
central feature of the disease. Our review of the
literature suggests that the most common find-
ings on CT (seen in 50%) are interpreted as
“cerebral edema.” The CT appearance of cere-
bral edema is not described in detail in most of
the studies in this review. Because panamebic
meningoencephalitis primarily affects the base
of brain and basilar subarachnoid cisterns, and
because one of the hallmarks of diffuse cerebral
edema is effacement of the basilar cisterns, one
might speculate that the finding observed in the
reported cases was actually edema involving
the base of brain. In any case, the CT manifes-
tations of panamebic meningoencephalitis cor-
relate well with the pathologic descriptions by
Carter (4), who reported the first autopsied
cases:

The brains, normal to soft in consistency, were tight
in the skull but only moderately swollen with no ev-
idence of pressure coning . . . Incision of the brains
revealed slight generalised vascular engorgement
and a degree of lateral ventricular collapse consistent
with the moderate swelling of the brain.

Given the moderate nature of the above-men-
tioned edema, it is also not surprising that early
in the course of the disease the brain CT could
appear normal, as occurred in 40% of the cases
in the literature.
In our review of panamebic meningoenceph-

alitis, only 20% of cases demonstrated menin-



Fig 2. A, Noncontrast and B, contrast-enhanced CT images demonstrate low attenuation in the distribution of the right middle
cerebral artery with mass effect (midline shift), trapping of the left lateral vehicle, and mild vascular enhancement (arrow in B).

C, Follow-up CT 1 week later demonstrates new low attenuation in the right posterior cerebral artery distribution.
D and E, Posterior-anterior and lateral arteriograms document occlusion of right proximal middle cerebral artery by filling defect

(arrows).
F, Follow-up noncontrast CT 3 weeks later demonstrates ventriculomegaly with ventriculostomy tube in right frontal horn, early

gyriform calcification in areas of prior infarction (arrows), and new multifocal areas of low attenuation in the left hemisphere and right
anterior cerebral artery distribution. This patient died of granulomatous amebic encephalitis, and the areas of low attenuation were
confirmed to be infarctions of major vascular territories. Figure continues.
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geal enhancement on CT, and this enhance-
ment was primarily basilar in distribution.
Higher rates of enhancement can be seen in
other forms of meningitis, including bacterial
(40%) (16), and tuberculosis (62%) (16, 17).
However, it should be noted that of the CT cases
of panamebic meningoencephalitis we re-
viewed, only two had documented contrast ad-
ministration, and both of these exhibited en-
hancement (11, 15). Therefore, the relative
infrequency of meningeal enhancement in
panamebic meningoencephalitis may be re-
lated to the infrequency of contrast use in ex-
amining this group of patients. This is not an



Fig 2.—continued.
G and H, T1-weighted MR imaging of the spine, 500/20/4 (repetition time/echo time/excitations), reveals diffuse enlargement of the

cord with heterogeneous signal.
I and J, Postgadolinium MR image reveals heterogeneous enhancement especially along the surface of the cord (arrow in I). Autopsy

confirmed multifocal areas of infarction in the spinal cord.
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variable degrees of vessel thrombosis.
unexpected finding, because the accepted role
of CT in evaluating patients with typical symp-
toms of meningitis is not to establish the diag-
nosis, but rather to identify potential complica-
tions of the disease (ie, hydrocephalus,
infarction, abscess, or subdural empyema) and
to screen for the presence of intracranial mass
effect (18).

Granulomatous Amebic Encephalitis

Granulomatous amebic encephalitis is typi-
cally a subacute or chronic disease character-
ized by the insidious onset of neurologic
change, with death occurring within 8 days to
several months (1–3). The disease occurs pri-
marily in debilitated or immunosuppressed per-
sons and is caused by amebae of Acan-
thamoeba or Leptomyxa species. Unlike the
organisms responsible for panamebic meningo-
encephalitis, these amebae secondarily infect
the central nervous system, possibly from the
lower respiratory tract, genitourinary tract, or
skin. There is no direct invasion through the
nasal mucosa. Symptoms frequently resemble
those of single or multiple space-occupying
central nervous system lesions such as hemipa-
resis, personality changes, seizures, and head-
aches. Rarely, granulomatous amebic enceph-
alitis can present with a fulminant, rapidly fatal
course that mimics panamebic meningoen-
cephalitis (6, 19, 20). More than 56 cases of
granulomatous amebic encephalitis have been
reported from all over the world (2). Although
there is no proved effective therapy for this dis-
ease, three of the reported patients have sur-
vived (2).
Pathologically, granulomatous amebic en-

cephalitis is characterized by multifocal areas of
brain softening with hemorrhagic necrosis,
edema, and abscess formation (1, 3). The pos-
terior fossa structures, the thalamus, and the
brain stem are the most frequently affected
structures, but involvement of the cerebral
hemispheres is common (no predilection for
lobes). Leptomeningeal exudate is frequently
patchy and can be moderate. Mass effect can
result in uncal or cerebellar tonsil herniation.
Microscopically, lesions consist of chronic gran-
ulomatous type reaction with focal necrosis and
hemorrhage. Angiitis is invariably present sec-
ondary to amebic invasion into vascular walls
and lumens and resulting fibrinoid necrosis and
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Imaging findings have been reported in the
literature for 16 cases of granulomatous amebic
encephalitis, including our own (20–34). A
large proportion of patients (12 of 16, 75%)
developed multifocal abnormalities on CT at
some point in their illness, although single le-
sions were frequent at presentation (6 of 16,
38%). The lesions were usually hypodense (12
of 15, 80%), although one case (7%) exhibited a
hyperdense lesion, one case (7%) exhibited an
isodense lesion, and one case (7%) demon-
strated an enhancing lesion that was not evalu-
ated before contrast. Most CTs performed with
contrast showed enhancement (8 of 10, 80%).
Mass effect was common (9 of 15, 60%), but
hydrocephalus was not (4 of 16, 25%). In a few
instances, the CT findings were normal at pre-
sentation (2 of 16, 12%).
MR has been reported in two cases of granu-

lomatous amebic encephalitis (29, 33). In one
case in which the initial CT findings were nor-
mal, MR at the same time revealed multifocal
areas of signal abnormality, which were con-
firmed on later CTs. Posterior fossa abnormali-
ties are common at autopsy. However, these
were demonstrated on only 1 of 16 CTs. One of
two MR cases demonstrated brain stem lesions;
this was a different case than the one in which
they were discovered with CT.
Cerebral infarction (either venous or arterial)

is a well-recognized complication of bacterial
(18) and tuberculosis (35) meningitis. This
complication also is seen pathologically in
granulomatous amebic encephalitis secondary
to invasion of vessels by amebae, but the pro-
cess is typically confined to smaller vessels re-
sulting in small areas of necrosis (3). Our case
documents a large vessel arterial infarction in
granulomatous amebic encephalitis and dem-
onstrates the MR findings of spinal cord infarc-
tion.
This report reviews the CT manifestations of

two rare amebic infections of the central ner-
vous system: panamebic meningoencephalitis
and granulomatous amebic encephalitis. Pana-
mebic meningoencephalitis is uniformly fatal
unless diagnosis and treatment are prompt. Un-
fortunately, the CT findings are nonspecific,
consisting of either cerebral edema (40%) or
normal brain (40%). Therefore, the radiologist
must consider this diagnosis whenever these
nonspecific findings are accompanied by the
appropriate history suggestive of meningitis
with exposure to warm, freshwater pools. Gran-
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ulomatous amebic encephalitis typically pre-
sents clinically with unifocal or multifocal mass
lesions in immunocompromised or debilitated
patients. CT typically confirms multifocal cere-
bral lesions with mass effect, and these are most
often hypodense. Whereas small areas of ne-
crosis are common in granulomatous amebic
encephalitis, we describe a case with infarction
of multiple, major vascular territories in the
brain and spinal cord.
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