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18F-Fluor odeoxyglucose Positron Emission Tomography
and MR Imaging Findings in Rasmussen Encephalitis

David J. Fiorella, James M. Provenzale, R. Edward Coleman, Barbara J. Crain, and AbdulAziz Al-Sugair

BACKGROUND AND PURPOSE: Rasmussen encephalitis is a chronic, progressive enceph-
alitis that manifests as an abrupt-onset, intractable seizure disorder in previously developmen-
tally normal children. The objectives of the current study were to characterize the 18F-fluo-
rodeoxyglucose (FDG) positron emission tomography (PET) and MR imaging findings in
Rasmussen encephalitis and to test the hypotheses that data from both imaging techniques are
required to establish the diagnosis and identify the affected cerebral hemispherein some cases.

METHODS: Eleven patients with Rasmussen encephalitis were identified from a review of a
computer database. The MR (n = 10) and PET (n = 11) imaging data were reviewed retro-
spectively and conjaintly.

RESULTS: On MR images, nine of 10 patients manifested bilateral cerebral atrophy that
predominantly involved one hemisphere. One patient had purely unilateral cerebral atrophy.
We observed foci of abnormally increased T2 signal intensity in nine of 10 patients. On FDG
PET images, all patients showed extensive regions of hypometabolism within the cerebral hemi-
sphere that showed the greatest atrophy. Discrete foci of hyper metabolism, indicative of seizure
activity, were observed in six patients. The FDG PET and MR imaging findings were either
stable or gradually progressive in patients with multiple imaging studies (MR, n = 5; FDG
PET, n = 5).

CONCLUSION: Rasmussen encephalitis is characterized by diffuse, unilateral cerebral hy-
pometabolism on FDG PET images, with corresponding regions of cerebral atrophy on MR
images. Although MR imaging data alone are sufficient to suggest a diagnosis of Rasmussen
encephalitisin many cases, correlation with FDG PET data increases diagnostic confidence and
allows the unequivocal identification of the affected cerebral hemispherein patients whose MR
imaging findings are subtle or distributed bilaterally.

Rasmussen encephalitis is a chronic, progressive en-
cephalitis of unknown etiology that resultsin severe,
intractable epilepsy. Seizures typically are the foca
motor type and begin abruptly in previously normal
children. Characteristically, motor function deterio-
rates, often resulting in hemiparesis or hemiplegia
as well as progressive cognitive decline (1-5).
Despite the widespread application of MR im-
aging and 18F-fluorodeoxyglucose (FDG) positron
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emission tomography (PET) to evaluate patients
with epilepsy, the findings on MR or FDG PET
images in Rasmussen encephalitis have not been
characterized definitively. Because of the absence
of an established pattern of neuroimaging findings
in Rasmussen encephalitis, confirmation based
upon diagnosis relies heavily on a typical clinica
presentation with histopathol ogic results from brain
biopsy. Unfortunately, pathologic data sometimes
are nondiagnostic or inconsistent. This may be at-
tributed to sampling error and to evolution of the
disease to a ‘'burned-out” phase, which is charac-
terized by nonspecific histopathologic features (3).
Thus, in some patients, as the disease evolves,
brain biopsy may become increasingly nondiagnos-
tic. For this reason, neuroimaging data can play a
critical role in establishing a diagnosis of Rasmus-
sen encephalitis and in selecting patients for, and
directing, brain biopsy.

The objectives of the current study were to char-
acterize the FDG PET and MR imaging findings in
Rasmussen encephalitis and to test the hypothesis
that FDG PET data are required, in some cases, to
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Surgical interventions and corresponding histopathologic results
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Lymphocytic Microglia
Patient Procedure Cuffing  Gliosis Nodules Diagnosis
1 Right frontal lobe resection + Perivascular chronic inflammation
2 Biopsy left temporal lobe - - - No inflammation
Right hemispherectomy + + + Rasmussen encephalitis
3 Biopsy right superior temporal lobe — — — No inflammation
Biopsy right inferior frontal lobe + - - Non-specific encephalitis
Right hemispherectomy + + + Rasmussen encephalitis
4 Left hemispherectomy + + + Rasmussen encephalitis
5  Biopsy left frontal lobe - + - Gliosis, mild nonspecific encephalitis
Left hemispherectomy - - - No pathologic diagnosis
6  Biopsy left temporal lobe + — + Rasmussen encephalitis
Right hemispherectomy + - - Scant mononuclear perivascular inflammation
7 Biopsy left frontal + temporal lobe + + + Rasmussen encephalitis
Biopsy left frontal lobe + + — Scant perivascular lymphocytic infiltrate, mild subpial gliosis
8  Biopsy + + + Rasmussen encephalitis
Left hemispherectomy + + + Rasmussen encephalitis
9 Biopsy + + — Rasmussen encephalitis
10  Right hemispherectomy + - + Rasmussen encephalitis
11 Biopsy + + - Rasmussen encephalitis

establish the diagnosis and unequivocally identify
the involved cerebral hemisphere.

Methods

Patients

We identified patients referred for evaluation of “ seizure dis-
order” and those specifically referred for suspected clinical
diagnosis of Rasmussen encephalitis by review of a comput-
erized FDG PET database (1989 to 1998). Inclusion criteria
were 1) clinical presentation consistent with Rasmussen en-
cephalitis, as indicated by a diagnosis of ‘‘ Rasmussen enceph-
alitis’ or ‘“suspected Rasmussen encephalitis’ recorded in
clinical notes or discharge summaries; and 2) brain biopsy or
brain resection specimen consistent with either ‘‘ Rasmussen
encephalitis” (n = 9) or the sequela of a ‘‘ burned-out enceph-
alitis” lacking another specific pathologic diagnosis (n = 2).
Patients with ‘“burned-out” encephalitis were included only
when clinical features overwhelmingly suggested the diagnosis
of Rasmussen encephalitis.

MR Imaging

The MR images were obtained with a 1.5-T scanner. Im-
aging sequences included spin-echo T1- (500-600/8-12 [TR/
TE]) and T2- (TR, 2200-3000; TE, 30—40/80—100) weighted
images in the axial plane; T2-weighted fast spin-echo with
flow compensation, fast spoiled gradient-recalled, and fluid-
attenuated inversion recovery imaging in the corona oblique
planes;, and, in some cases, postcontrast T1-weighted images
(500-600/8-12 [TR/TE]) in the coronal and axia planes
(0.1 ml/kg gadopentate dimeglumine given intravenously
[Magnevist; Berlex Laboratories, Wayne, NJ]). Field of view
ranged from 22 to 24 cm, dlice thickness was 5 mm, interslice
gap was 2.5 mm, there were two excitations, and the matrix
was 256 X 192. All MR imaging data were retrospectively
and conjointly reviewed by two observers (D.J.F, JM.P) who
were not blinded to the diagnosis.

18F-Fluor odeoxyglucose Positron Emission Tomography

All patients had nothing by mouth for 4 hours before intra-
venous administration of FDG (140 uCi/kg). The FDG was
given in a quiet, dimly lit room; patients had their eyes open

and ears unoccluded. The patients remained in this environ-
ment for 30 minutes after FDG administration and then were
positioned for the PET scan. Continuous EEG monitoring was
performed during the radiopharmaceutical injection and uptake
phase in seven of the 11 patients. Patients were imaged with
a GE 4096 Plus or a GE Advance tomograph (GE Medical
Systems, Milwaukee, WI). We acquired transaxial data and
corrected the emission data using calculated attenuation cor-
rection. The data were displayed as transaxial, coronal, and
sagittal images. All FDG PET imaging data were retrospec-
tively and conjointly reviewed by three observers (D.J.F, A.A.-
S., R.E.C.) who were not blinded to the diagnosis. There was
no significant variance from the original interpretations.

Results

Patients

The age of seizure onset for the series of patients
(five male, six female) ranged from 15 months to
8 years (average, 4.9 years). The age at initial MR
imaging ranged from 32 months to 22 years (av-
erage, 8.5 years). The average interval between the
first MR imaging examination and the correspond-
ing FDG PET examination was 29.4 days (range,
0-131 days). Seven of 11 patients underwent hemi-
spherectomy, and the remaining four patients un-
derwent biopsy, limited resection, or both (Table).
All patients undergoing hemispherectomy had a
marked reduction in seizure activity (average fol-
low-up, 41.4 months; range, 22—70 months). After
hemispherectomy, three patients became seizure-
free and required no antiepileptic medications,
three patients became seizure-free but were main-
tained on one antiepileptic medication (patients 4,
5, and 10), and one patient (patient 2) initially be-
came seizure-free, but more than 2 years after the
surgery began to have occasional seizures.

In al patients, surgical intervention was per-
formed on the cerebral hemisphere exhibiting hy-
pometabolism on FDG PET images. We assigned
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a pathologic diagnosis of Rasmussen encephalitis
in nine patients on the basis of histologic findings.
Tissue specimens from the remaining two patients
(patients 1 and 5) showed features of mild, non-
specific inflammation (patient 1) or gliosis (patient
5) but lacked features required for a specific path-
ologic diagnosis of encephalitis.

In two patients, initial brain biopsy was negative
for evidence of significant encephalitis, but the his-
topathologic results from subsequent hemispher-
ectomy were positive for all three characteristic
findings of Rasmussen encephalitis: microglial
nodules, gliosis, and perivascular lymphocytic cuff-
ing. In addition, initial brain biopsy obtained from
two patients showed characteristic findings of Ras-
mussen encephalitis, but the later histopathologic
analysis showed only mild perivascular lympho-
cytic cuffing and gliosis, respectively. These pa-
tients (patients 6 and 7) underwent hemispherec-
tomy following a substantial interval after the
initial, unequivocally positive brain biopsy results
(4 and 5 years, respectively) compared with the
other patients. During this interval, one of these
patients (patient 7) received intravenous immuno-
globulin therapy.

Magnetic Resonance Imaging

Atrophy.—MR imaging data were available for
10 patients. Nine patients had bilateral cerebral at-
rophy. In one patient (patient 10), cerebral atrophy
was solely unilateral. Seven patients showed bilat-
eral but asymmetrical atrophy on the initial imag-
ing study. Two patients developed bilateral atrophy
after their initial study had showed either no atro-
phy (patient 2) or unilateral atrophy (patient 6).

In al patients, the observed atrophy was asym-
metrical and predominantly involved the cerebral
hemisphere that was hypometabolic on FDG PET
images (Figs 1-4). The right hemisphere was pre-
dominantly affected in four patients and the left
hemisphere in six patients. In seven patients, atro-
phy was distributed diffusely within the affected
hemisphere. In three of the 10 patients (patients 6,
7, and 8), marked regions of foca atrophy were
superimposed on the diffuse cerebral hemispheric
atrophy (Fig 2). In two patients, T2-weighted im-
ages showed these regions of focal atrophy to have
abnormally increased signal intensity within the
cortical gray matter and subcortical white matter
(Fig 2). Atrophy progressed in three of the five pa-
tients who underwent multiple studies (Fig 3).

Signal Abnormality on T2-weighted Sequenc-
es.—Nine patients showed abnormal foci of the T2
signal within the more atrophic cerebral hemi-
sphere. These foci were distributed within the cor-
tical gray matter of eight patients (Figs 2 and 3).
Nine patients had hyperintense T2 signal distrib-
uted within the white matter of the affected cerebral
hemisphere. In three patients (patients 3, 6, and 11),
abnormal T2 signal was distributed within the
white matter bilaterally (Fig 3). We noted signal
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abnormality within the deep gray matter structures
in two patients. None of the patients undergoing
imaging after contrast medium administration
showed abnormal contrast enhancement.

Hippocampal Formation—The MR examina
tions were sufficient to evaluate the hippocampus
in eight patients. Three patients had abnormally in-
creased T2 signal intensity, and six showed atro-
phy, within the hippocampal formation of the pre-
dominantly involved hemisphere (Fig 3). Three
patients had both atrophy and T2 signal hyperin-
tensity within the affected hippocampus. Two pa-
tients had normal hippocampal anatomy and signal
intensity.

18F-Fluor odeoxyglucose Positron Emission
Tomography

FDG PET showed diffuse hypometabolism with-
in one cerebral hemisphere in al 11 patients, dis-
tributed within the frontal (n = 10), parietal (n =
11), temporal (n = 11), and occipital (n = 6) lobes,
respectively (Figs 1-5). Multiple examinations
were available for five patients; in three, the re-
gions of hypometabolism were stable, but the other
two patients showed mild progression during the
interval. The left hemispheric hypometabolism ob-
served in patient 11 became less prominent on ex-
amination 1 year later. We noted foci of hyperme-
tabolism, indicative of ictal foci, in six patients
(Figs 3 and 5). Multiple examinations were avail-
able for three of these patients, and in each, the
foci of hypermetabolism either completely (two pa-
tients) or partialy (one patient) resolved on follow-
up examinations. Three patients with foci of cere-
bral hypermetabolism also showed foci of
hypermetabolism in the contralateral cerebellar
hemisphere (Figs 3 and 5). During interictal stud-
ies, six patients showed hypometabolism in the
contralateral cerebellar hemisphere, ie, crossed cer-
ebellar diaschisis (Fig 1E). The ipsilateral basal
ganglia showed regions of hypometabolism in four
patients during interictal imaging and hypermetab-
olism in one patient during ictal imaging (Fig 3).

Discussion

In 1958, Rasmussen et al (1) presented a series
of 27 patients who had a syndrome characterized
by the abrupt onset of intractable focal seizures,
these were children with previously normal devel-
opment (1-5). The seizure disorder typically was
accompanied by progressive motor and cognitive
deterioration. Brain biopsy specimens obtained
from these patients showed focal or unilateral
““chronic encephalitis’, which included perivascu-
lar cuffs of lymphocytes around large and small
vessels, microglial nodules within both gray and
white matter, and gliosis (2, 3). The etiology of
Rasmussen encephalitis remains unknown. An ini-
tial hypothesis proposed infection with a slow viral
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Fic 2. Patient 7, a 10-year-old girl with a 5-year history of intractable seizures and
progressive cognitive impairment. The MR and FDG PET images depict a pattern of
focal atrophy superimposed on a background of generalized, but asymmetrically distrib-
uted, cerebral atrophy.

A-C, Axial T1-weighted images (A) (663/11/1 [TR/TE/excitation]), T2-weighted images
(B) (2800/80/1[TR/TE/excitation]), and proton density—weighted MR images (C) (2800/
30/1 [TR/TE/excitation]) depict diffuse bilateral but asymmetrical (left greater than right)
sulcal prominence with superimposed, marked focal atrophy involving the left frontal lobe.
The proton density—weighted image (C) depicts abnormally increased signal in the frontal
white matter and posterolateral frontal gray matter (arrows). Signal also was abnormally
increased within the frontal gray matter on more superior images (not shown).

D, Temporal-lobe long-axis axial FDG PET image at the level of the centrum semiovale
depicts global left hemispheric hypometabolism with a more marked, superimposed focal
region of hypometabolism in the left frontal lobe. The distribution of hypometabolism
corresponds exactly to the regions of atrophy noted on MR imaging. Although the initial
biopsy depicted mild diffuse astrocytosis, microglial proliferation, and perivascular mono-
nuclear infiltration, a biopsy 4 years later depicted findings of “nonspecific encephalitis™.
This may reflect either “sampling error” or progression to a “burned-out” phase of Ras-
mussen encephalitis.

agent (2). More recent studies have suggested an
autoimmune mechanism (6).

Medical treatment has not controlled the seizures
or significantly affected disease progression in
these patients. As aresult, many patients are treated
surgically with functional hemispherectomy, ie, re-
section of the affected cerebral hemisphere (while
sparing the frontal or occipital lobes) following di-
vision of connections to the brain stem and com-
missures, in an attempt to achieve seizure control

7).

Establishing a diagnosis of Rasmussen enceph-
alitis is chalenging. Clinically, Rasmussen enceph-
alitis is a diagnosis of exclusion in patients with
intractable seizures and progressive motor and cog-
nitive deterioration, which may be verified by brain
biopsy. However, as indicated by previous reports
(3) as well as our results, biopsy results frequently
are nondiagnostic, and repeated biopsies may yield
conflicting results (Table). Two potential confound-
ing factors may account for this fact. First, the site
of biopsy within the affected cerebral hemisphere

—

Fic 1. Patient 2, a 7-year-old girl with a 2-year history of 20 to 30 focal partial motor and sensory seizures a day.

A, Axial T2-weighted image (2200/80/0.75 [TR/TE/excitation]) depicts bilateral cerebral atrophy distributed asymmetrically (left greater
than right). Abnormally increased T2 signal is distributed within the white matter of the left centrum semiovale (arrow).

B, Axial proton density—weighted MR image (2200/30/0.75 [TR/TE/excitation]) depicts abnormally increased signal intensity within the
posterior white matter bilaterally, left greater than right (arrow).

C and D, Axial *®F-Fluorodeoxyglucose (FDG) Positron Emission Tomography (PET) images at the level of the centrum semiovale
(C) and suprasellar cistern (D) show marked hypometabolism throughout the left cerebral hemisphere, with some sparing of the inferior
left frontal lobe.

E, Coronal FDG PET image depicts diffuse left cerebral (curved arrow) and right cerebellar (closed arrow) hypometabolism, ie, crossed
cerebellar diaschisis. The left cerebellar hemisphere shows normal glucose metabolism (open arrow). Because of the compelling clinical
presentation and neuroimaging findings, this patient underwent left hemispherectomy despite a nondiagnostic brain biopsy. Histopath-
ologic findings obtained from the hemispherectomy specimen were consistent with Rasmussen encephalitis (Table).

F, The hemispherectomy specimen shows marked chronic inflammation, including lymphocytic meningitis (top), perivascular cuffing
by lymphocytes, and an intraparenchymal lymphocytic infiltrate (hematoxylin and eosin stain, X368). Neuronal loss and reactive astro-
cytosis are most apparent on the right side of the field (arrows). The discordance between the biopsy and hemispherectomy specimens
likely reflects “sampling error” in the initial biopsy.
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Fic 3. Patient 3, a 27-month-old boy who presented with a 1-year history of intractable seizures followed by a progressive left hemi-
paresis.

A and B, Axial proton density—weighted images (2800/30/0.75 [TR/TE/excitation]) depict abnormally increased signal in the right medial
temporal lobe gray matter (A, white arrow), right frontal gray and white matter (B), as well as the posterior white matter bilaterally (B,
black arrows).

C, Axial T2-weighted image (2800/80/0.75 [TR/TE/excitation]) from the same examination depicts very mild bilateral atrophy, slightly
more evident within the right cerebral hemisphere than the left.

D-F, Axial FDG PET images from an examination 5 days later depict global right hemispheric hypometabolism (E, F) with discrete
foci of hypermetabolism (indicative of seizure activity at FDG administration) within the medial (D) and lateral (E) right temporal lobe,
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Fic 4. Patient 6, a 9-year-old girl who presented with intractable seizures at age 3.

A, Coronal fast spin-echo T2-weighted image (4000/112/3 [TR/TE/excitations]) through the parietal lobes depicts mild diffuse atrophy
of the right cerebral hemisphere, with subtle sulcal prominence and asymmetrical dilation of the body of the right lateral ventricle.

B, Coronal FDG PET image (from a study 5 days earlier) through the same region depicts marked relative hypometabolism within
the right cerebral hemisphere (arrow). Correlation of the MR imaging data with the FDG PET data and clinical history led to a diagnosis
of Rasmussen encephalitis. Analysis of an initial brain biopsy specimen obtained from this patient yielded findings consistent with
Rasmussen encephalitis; however, histopathologic analysis from the right hemispherectomy (5 years later) showed only scant perivas-
cular lymphocytic infiltration. This scenario is most consistent with “burned-out” encephalitis. After hemispherectomy, patient 6 became
free of seizures and currently requires no antiepileptic medications.

Fic 5. Patient 8, a 7-year-old patientwho,
at the age of 5, had abrupt onset of intrac-
table seizures (25 to 30 per day).

A and B, Axial FDG PET images depict
global left cerebral hypometabolism with
superimposed foci of hypermetabolism
within the left parietal lobe (A) and right
cerebellar hemisphere (B, arrow). The pa-
tient was actively seizing during injection
of the radiopharmaceutical. The pattern of
glucose hypermetabolism in this case in-
dicates the propagation of seizure activity
from the left parietal cortex to the right cer-
ebellar hemisphere via corticopontocere-
bellar pathways. This patient underwent
brain biopsy followed by left hemispher-
ectomy. The histopathologic specimens
from both procedures were interpreted as
consistent with Rasmussen encephalitis.
Hemispherectomy resulted in resolution of
this patient's seizure disorder (at 2-year
follow-up).

—

Fic 3. Continued. medial right parietal lobe (F), anterior left cerebellar hemisphere (D, arrow), and right basal ganglia (E). Correlation
of the relatively nonspecific MR imaging features with the FDG PET data and clinical history provided a foundation for the diagnosis of
Rasmussen encephalitis. In addition, the FDG PET data allowed the unequivocal identification of the affected hemisphere.

G, Axial T2-weighted images from MR imaging study (2800/80/1 [TR/TE/excitation]) 6 months later shows marked progression of the
atrophy involving the right cerebral hemisphere, providing further evidence to support the diagnosis of Rasmussen encephalitis and
confirm the identification of the affected hemisphere.

H, Fast spin-echo T2-weighted coronal image (4816/110/4 [TR/TE/excitations]) again depicts this asymmetrical (right greater than left)
atrophy. In addition, the right hippocampus is atrophied and has abnormally increased T2 signal intensity (arrow). Because of the
compelling clinical presentation and neuroimaging findings, this patient underwent right hemispherectomy despite two nondiagnostic
brain biopsies. Histopathologic findings from the right hemispherectomy specimen were consistent with Rasmussen encephalitis. The
disparity between the biopsy and hemispherectomy pathology results may be attributed to “sampling error”. This patient is now free of
seizures and requires no antiepileptic medications (39 months after hemispherectomy).
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may not be involved by the inflammatory process,
ie, sampling error. We believe that sampling error
occurred in two of our patients, in that the initial
biopsy showed either no inflammation or mild,
nonspecific inflammatory changes, but subsequent
pathologic specimens obtained from hemispherec-
tomy showed findings diagnostic of Rasmussen en-
cephalitis. Second, biopsies performed in the later
stages of the disease often show nonspecific find-
ings consisting of only atrophy and residual gliosis
with minimal inflammatory cellular infiltrate—re-
ferred to as ‘‘burned-out encephalitis’ by Aguilar
and Rasmussen (3). These findings, athough con-
sistent with the sequela of an inflammatory process,
are nonspecific and can occur after other insults to
the brain, such as ischemia or trauma. We believe
that this phenomenon of *‘ burned-out encephalitis”
was observed in four of the patients in the present
series. In two patients, the initial brain biopsies
showed unequivocal evidence of active encephali-
tis, but subsequent hemispherectomy specimens
showed only the nonspecific findings that charac-
terize **burned-out” encephalitis. The other two pa-
tients presumably had progressed to the ‘‘ burned-
out” encephalitis stage before the initia biopsy.
For these reasons, neuroimaging data are often of
critical importance in establishing a diagnosis of
Rasmussen encephalitis and guiding definitive sur-
gical therapy, particularly in cases of nonspecific
clinical findings or discordant or nonspecific his-
topathologic data.

All patients in the present study had diffuse, uni-
lateral cerebral hypometabolism on FDG PET im-
ages, the distribution of which corresponded to
equivalent regions of cerebral atrophy on MR im-
ages. Unilateral cerebral hypometabolism, in the
context of asymmetrical cerebral atrophy on MR
images, strongly supports a diagnosis of Rasmus-
sen encephalitis and hel ps exclude other differential
possibilities—hippocampal sclerosis, vascular mal-
formation, neoplasm, cortical dysplasia, or hetero-
topia—when evaluating a previously developmen-
tally normal child with a new seizure disorder.

We noted two distinct patterns of atrophy in this
series of patients. First, we observed a relatively
uniform, diffuse pattern of atrophy predominantly
involving the cerebral hemisphere that had diffuse
hypometabolism on FDG PET images. Second, we
found a pattern of focal atrophy superimposed upon
a background of diffuse atrophy distributed within
the predominantly affected hemisphere. In two of
the three cases of focal atrophy, long-TR sequences
showed abnormally increased signal intensity with-
in the involved cortex and subcortical white matter.
Although we do not have direct histologic corre-
lation, these foci may represent areas of the *‘de-
structive encephalitis’ described by Aguilar and
Rasmussen (3), which are characterized histopath-
ologically by laminar necrosis progressing to spon-
giform degeneration.

The distribution of cerebral atrophy on MR im-
ages closely correlated with the distribution of hy-
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pometabolism on FDG PET images in nearly all
cases. English et a (8) reported that technetium-
99m hexamethylpropyleneamine oxime single-pho-
ton emission CT (SPECT) images consistently
showed regions of perfusion abnormality that were
far more extensive than the corresponding atrophy
on neuroimaging studies. This discrepancy between
SPECT and CT likely can be attributed to the in-
sensitivity of CT in detecting subtle areas of asym-
metrical cerebral atrophy. However, although the
distribution of atrophy on MR images often closely
matched the distribution of hypometabolism on
FDG PET images, subtle diffuse atrophic changes
on MR images often were accompanied by marked
decreases in cerebral glucose metabolism (Figs 3
and 4). In cases in which the MR imaging findings
are subtle, correlation with FDG PET imaging can
increase diagnostic confidence and aid in the un-
equivocal identification of the abnormal cerebral
hemisphere.

During ictal studies, patients had multiple foci of
hypermetabolism, indicative of seizure activity dis-
tributed within the predominantly affected hemi-
sphere. In the current series of patients, the contra-
lateral cerebral hemisphere never showed increased
metabolism, which would have suggested propa-
gation of seizure activity across the midline. In the
current series of patients, regions of abnormal glu-
cose metabolism (both hypo- and hypermetabo-
lism) were always distributed within the affected
cerebral hemisphere, allowing the unequivocal
identification of the abnormal side in al patients.

The characteristic pattern of asymmetrical cere-
bral atrophy and ipsilateral hypometabolism may
be accompanied by contralateral cerebellar atrophy
and hypometabolism, ie, crossed cerebellar dias-
chisis, as recently described by Geller et a (9). In
the current series, severa ictal studies showed hy-
permetabolic foci within the contralateral cerebellar
hemisphere, presumably representing propagation
of seizure activity along the corticopontocerebellar
pathway (Figs 3 and 5).

Although the histopathologic findings of Ras-
mussen encephalitis become increasingly nonspe-
cific during the later stages of the disease (3), the
radiologic findings in our patients either remained
stable or showed gradual progression (Fig 3). Thus,
radiologic data may confirm a clinical diagnosis of
Rasmussen encephalitis despite nondiagnostic his-
topathologic findings. Radiologic data are particu-
larly important in patients with discordant results
from multiple biopsies, as seen in four of our 11
patients.

Four decades of clinical experience, particularly
the reported long-term response to hemispherecto-
my, have supported the initial observation that Ras-
mussen encephalitis is, aimost exclusively, a focal
or unilateral disease process. To our knowledge,
only one case of biopsy-proven, bilateral involve-
ment has been reported (3, 4). Therefore, the ac-
curate identification of the abnormal cerebral hemi-
sphere is required for planning the surgical biopsy
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and therapy. As previously reported (9, 10), and as
indicated by the current data, abnormalities on MR
imaging often are bilateral. In our study, nine of 10
patients showed bilateral atrophy, and three patients
showed abnormally increased T2 signal bilaterally.
In al cases, however, both the atrophy and T2 sig-
nal abnormalities were asymmetrical, with predom-
inant involvement of the cerebral hemisphere to
which the clinical presentation (seizure activity and
hemiparesis or hemiplegia) and abnormal FDG me-
tabolism were localized. The asymmetry in MR im-
aging abnormalities was sufficient in nearly all of
our patients to allow identification of the affected
hemisphere on initial examination (Figs 1 and 2).
In some cases (Figs 3 and 4), however, the initia
MR imaging showed either minimal or no atrophy
of the affected hemisphere, or bilateral abnormali-
ties that were only subtly asymmetrical. In these
cases, FDG PET data helped to establish the di-
agnosis and definitively identify the affected side.
In contrast to MR imaging, FDG PET imaging
showed abnormalities in glucose metabolism that
were distributed exclusively within the affected ce-
rebral hemisphere and contralateral cerebellar
hemisphere (Figs 1-5). In addition, areas of mild
atrophy on MR images often corresponded to
markedly abnormal metabolism on FDG PET im-
ages (Figs 3 and 4). Thus, athough MR imaging
aone generally was adequate to identify the af-
fected cerebral hemisphere, FDG PET provided un-
equivocal, confirmatory data in each case.

The bilateral abnormalities observed on MR im-
ages of patients with Rasmussen encephalitis most
likely can be attributed in part to the sequelae of
the severe, intractable focal seizures (ie, prolonged
anoxia and repeated trauma during seizures) and
possibly the sequelae of long-term, high-dose an-
tiepileptic medications (10, 11).

The present study has several important limita-
tions. First, this is a retrospective case series and,
as such, suffers from an inherent selection bias.
Second, only 11 patients were included; the find-
ings in this small series may not reflect the char-
acteristics of all patients with Rasmussen enceph-
alitis. Third, two patients included in the present
study lacked pathologic verification of Rasmussen
encephalitis. Fourth, the utility of FDG PET im-
aging to identify bilateral abnormalities is inher-
ently limited. Each patient serves as his own con-
trol with the inherent assumption that the
unaffected, contralateral cerebral hemisphere is
normal. In addition, comparison of each cerebra
hemisphere to metabolism within the ipsilatera
cerebellum (a frequently applied internal standard)
is invalid in the current study, because the cere-
bellum frequently shows metabolic abnormalities
in Rasmussen encephalitis. Finally, no normative
data for FDG metabolism are available; as aresult,
quantitative measures of FDG metabolism vary
greatly (owing to fluctuations in arterial-input func-
tions and glucose levels) and are difficult to inter-
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pret. Correspondingly, the areas referred to as
hypo- or hypermetabolic can be thought of more
correctly as “‘relatively’” hypo- or hypermetabolic
compared with the corresponding areas of the con-
tralateral hemisphere, which are assumed to have
normal glucose metabolism.

Conclusion

The characteristic findings of Rasmussen en-
cephalitis are diffuse, unilateral cerebral hypome-
tabolism on FDG PET images with corresponding
regions of cerebral atrophy on MR images. These
findings remain stable or gradualy progress over
time. Supportive imaging findings include: 1) mul-
tiple foci of hypermetabolism representative of sei-
zure activity, distributed within the predominantly
affected hemisphere and occasionally within the
contralateral cerebellar hemisphere during ictal
studies, and 2) abnormally increased signal on
long-TR sequences, distributed within the white or
gray matter of the predominantly involved
hemisphere.

In the current series, MR imaging data alone
were sufficient in most cases to suggest a diagnosis
of Rasmussen encephalitis and to identify the af-
fected cerebral hemisphere. However, FDG PET
imaging frequently increased the diagnostic confi-
dence in cases in which the MR imaging findings
were subtle, and allowed the unequivocal identifi-
cation of the abnormal cerebral hemisphere in these
cases in which MR imaging abnormalities were
bilateral.
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