Clinical manifestations — All 29 patients presented
with fever at the onset of neurological symptoms,
as well as throughout the acute phase. High-grade
fever was observed in 23 patients (higher than
39°C), which was persistent in most cases. Inter-
mittent fever concomitant with aggravation of
seizures was also present.

The initial neurological manifestations were
seizures in 20 patients, altered consciousness in
seven patients, visual agnosia in one patient, and
unidentified in one patient, whereas the manifesta-
tions in one patient could not be identified.

Seizures were constantly the most prominent and
significant manifestation of AERRPS (Table 2).
Partial seizure was invariable, and in the vast
majority of cases, it was the predominant seizure
type: Most commonly, these seizures took the form
of eye deviation (69%) and hemifacial twitching
(62%), with an occasional development to ipsilat-
eral clonic seizure (48%). Autonomic manifesta-
tions such as apneic spell were not uncommon
(28%). Seizures usually lasted 1-5 min (83%) and
terminated spontaneously, but often occurred in
clusters without recovery of consciousness during
the interval periods. Within'a week, they increased
in frequency despite treatment and became
full-blown, being periodically repeated every
5-10 'min in 14 cases (48%).

Impairment of consciousness was also common.
Other neurological symptoms included psychiatric
and movement disorders, and memory impairment.

Table 2 Clinical features and laboratory findings

No. of patients

Acute symptoms

Seizure
Simple partial
Complex partial 25
Secondary generalized 2
Generalized tonic~clonic 8
Tonic 8
Myoclonic
Impairment of consciousness 24
Psychiatric disorders 9
Movement disorders 12
Memory impairment 8
Labaratory findings
Blood
High ferritin 4/4 (221-2.370 mg /dl)
Positive anti-GluRs2 Ab 6/9 :
CSF
Pledcytosis (>5/mm?} 19/29 (6-25/mm°)

High protein concentration (>45 mg./dl)
High neopterin 4/4 (246-1.154 nmol/ml)
High neuron specific enolase 2/6 {33-34 mg/dl)
Pasitive anti-GluR&2 Ab 5/9

5/29 (46-85 mg/dl)

Ab, antibody.

AERRPS

EEG findings — A total of 71 EEGs was studied
(1-289 days of admission). During the first 14 days
of neurological illness, pretreatment EEGs consisted
principally of high-voltage slow background activity
(779, 78%). At the later stage, all 29 patients
developed interictal epileptiform discharges with a
variety of spatial distribution. Multiple independent
foci were observed in 15 patients (54%). Seven
patients (24%) were found to have epileptic foci that
migrated during the acute phase. Ictal discharges
were recorded in 24 patients. They typically began
with localized rhythmic activities consisting of
spikes or sharp waves and progressively involved
the adjacent areas, thus leading to secondary
generalization. Ictal discharges disappeared spon-
taneously within a few minutes and then reappeared,
being periodically repeated every 5-10 min.

Neuroimaging — Magnetic resonance imaging (MRI)
was examined at least once in all patients. Those
performed within 7 days after onset (14 cases)
revealed mild brain edema in two patients but were
otherwise normal. Subsequently, six patients
showed hippocampal or amygdaloid hyperintensi-
ties on fluid-attenuated inversion recovery (FLAIR)
without the evolution of epileptic foci at the
corresponding area. Abnormal symmetrical T2
hyperintensity in the periventricular white matter
and claustrum were found in four‘and two patients,
respectively. '

Laboratory examinations — The routine blood cell
count and biochemistry, as well as blood levels of
glucose, ammonia, and lactate were generally unre-
markable. The data on inflammatory and autoim-
mune markers are summarized in Table 2. Plasma
amino acid and urinary organic acid revealed no
abnormalities. Extensive virological studies were
also conducted. Herpes simplex virus was serolog-
ically negative or had remotely infected 27 patients
who were examined. Serological studies for cyto-
megalovirus (n = 16), Epstein—-Barrvirus(n = 20),
and human herpes virus 6 (n = 11) showed no serial
elevation of antiviral titer. Viral cultures from CSF
or throat swabs in 14 patients were all negative.

Treatment — Intravenous barbiturates were admin-
istered in 22 patients, of whom 13 showed com-
plete, three excellent, and four good responses,
while none- were poor. Pentobarbital was most
frequently used (15 patients), followed by thiopen-
tal (five) and thyamiral (four). The effective and
maximal doses of pentobarbital were 4.22 + 1.82
and 4.98 + 2.06 mg/kg/h, respectively. The EEG
backgrounds when seizure had been suppressed
were high voltage slow wave in one, burst-suppres-
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sion pattern in 14, and complete suppression in
three. The duration of barbiturate infusion ranged
from 4 to 312 days (52.3 + 72.6 days).
Benzodiazepines, mainly midazolam, were
administrated in 25 patients, of whom three
showed complete, five good, and 17 poor effects.
The maximal dose of midazolam was 0.47 =+
0.33 mg/kg/h. Diazepam was used in bolus injec-

tion successfully in five of 12 patients, which were

only temporarily effective. The efficacy of intrave-
nous lidocaine (1.5-6 mg/kg/h) and phenytoin
(5-25 mg/kg/day) were limited (8% and 30%,
respectively), transient, and incomplete.

Immunomodulatory treatments were challenged
in some cases. Twelve patients were treated with
corticosteroids mostly by intravenous methylpred-
nisolone, of whom two were effective. Intravenous
immunogloburin (IVIG) in 13 patients did not
result to any improvement. One patient underwent
plasma exchange, which was unsuccessful.

Chronic phase
Course and prognosis

Two of the 29 patients dropped out, and therefore,
the remaining 27 patients received follow-up, with a
mean period of 60.9 months (ranging from 8 to 194
months). All patients had residual epilepsy. As

defined in the diagnostic criteria, all patients showed .

continuous evolution from encephalitis to residual
epilepsy without a latent period. The types of
seizurés were essentially the same as those in the
acute phase except for scarce secondary generaliza-
tion. Most patients had residual cognitive impair-
ment. Intelligence quotients (IQs), measured using
the Wisconsin Intelligence Scale for Children-ITI
(WISC-IIT), were less than 70 in 16 patients and
below 20 in 10 patients. All patients who had the
antibody against GluRe2 were found to have resid-
ual cognitive impairment. Other residual
neurological deficits included memory impairment
(15%), autistic tendency (22%), hyperkinetism
(15%), learning disability (15%), personality
change (15%), and emotional instability (22%).
One patient suddenly died of unknown cause 9 years
after onset. Serial MRI scanning revealed diffuse
brain atrophy after a month or more. Hippocampal
or amygdaloid signal abnormalities remained
unchanged in four of six patients.

Discussion

The clinical entity of AERRPS arose in 1986, when
Awaya et al. described five cases of ‘peculiar onset
post-encephalitic epilepsy’ (9). In his investigation
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into post-encephalitic epilepsy, he found a novel
subtype of epilepsy characterized by refractory
partial seizures persisting from the onset of
encephalitis to the convalescent phase. Meanwhile,
in 1989, Shiomi advocated a subgroup of
encephalitis characterized by very frequent seizures
that can be suppressed only by intravenous barbi-
turates. It should be noted that Awaya defined this
illness as post-encephalitic ‘epilepsy” and therefore,
discussed mainly its epileptogenesis (4), while
Shiomi classified it as a subtype of ‘encephalitis’
and put emphasis on the symptoms in the acute
phase. These two clinical entities shared some
characteristics: acute onset of illness, very frequent
partial seizures, extremely refractory trait of
seizures, inconspicuous switchover from encephali-
tis to subsequent epilepsy, and residual cognitive
impairment. In 2001, we proposed the term
AERRPS to integrate the characteristics of these
entities (5). To date, more than 30 cases compatible
to this condition have been accumulated in Japan
(4).

We report the first multicenter collaborative
study on acute encephalitis with refractory, repet-
itive partial seizures (AERRPS) to clarify its
clinical features. The definitive features became
evident as a result of this study. Several clinical
aspects that seem to be characteristics of AERRPS
are vital for the diagnosis, and these are listed in
the diagnostic criteria (Table 3). EEG findings in
AERRPS, particularly ictal recordings, are of
diagnostic significance. The repetitive EEG pattern
of ictal discharges has been described (6). In

Table 3 Diagnostic criteria for AERRPS

Mandatory:

1. Acute onset of seizures or consciousness impairment, in the absence of
underlying developmental delay or prior unprovoked seizures

2. Extraordinarily frequent and refractory partial seizures, referred to as
‘refractary partial SE™: The patients usually show partial seizures
characterized by eye deviation and facial twitching which repeat within an
interval of 30 minutes or less, and necessitate long-term anesthesia (2
weeks or more] with intravenous barbiturates or benzodiazepines to attain
burst-suppression coma on EEG

3. Continuous switchover to refractory epilepsy without a latent period

Supportive findings:

1. Antecedent febrile illness, which occurs 2-10 days before the onset of
neurological symptoms ’

. Persistent fever during the acute phase of illness

. CSF findings: mild pleocytosis or slight increase in protein (inflammatory

markers such as IL-6 or neopterin may be upregulated) or both

EEG: slow background during the acute phase and multifocal spikes during

the chronic phase (ictal EEG reveals variable foci of epiteptiform discharges

and frequent secondary generalization)

5. MRI: no specific abnormalities except for eccasional T2 /FLAIR hyperintese
signal of mesial temporal lobe

6. Prafound neurological sequelae: cognitive deterioration, psychiatric
disorders, and memory impairment, as well as occasional motor disability
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contrast, MRI is not always helpful in establishing
diagnosis because there are no specific neuroradio-
logical abnormalities in AERRPS. Hyperintensities
in limbic structures on MRI, which were observed
in six patients in our series, are presumably due to
refractory SE. This finding is consistent with a
recent report on a Taiwanese series (10).

Clinical entities resembling AERRPS have also
been reported elsewhere outside Japan. Kramer
et al. (11) reported five cases of refractory SE
which is presumably caused by encephalitis of
unknown origin. In their report, they identified the
preceding febrile illness, persistent seizures despite
induced burst suppression coma, and negative
results for the .cause of seizures, as common
features. They postulated that this severe refrac-
tory type of SE is due to relatively mild enceph-
alitis. Mikaeloff et al. (12) reported 14 cases of
‘devastating epileptic encephalopathy in school-age
children’, which is characterized by prolonged SE
following non-specific febrile illness without any
latent period. These cases are slightly different
from AERRPS because they are limited to the
cases with school-age onset and perisylvian
involvement. These facts clearly demonstrate that
the clinical entities similar to AERRPS are distrib-
uted all over the world.

Limbic encephalitis (LE) is characterized by
limbic seizures, short-term memory loss, and
psychiatric symptoms (13). Recent studies have
revealed that acute non-paraneoplastic LE is related
to the anti-voltage-gated potassium channel
antibody (14, 15) or antibodies that reacted with
the AN-methyl-p-aspartate receptor (16, 17).
AERRPS can be distinguished from LE for the
following reasons. First, psychiatric disorders and
memory impairment are uncommon and seldom
present as initial predominating features in
AERRPS. Second, no case has been described in
which AERRPS was presumably caused by a
neoplasm. Third, AERRPS, but not LE, shows a
uniformly unfavorable outcome with neurological
sequelac. Nevertheless, there is a- report of an
atypical clinical presentation of paraneoplastic LE
with pharmacoresistant epilepsy lacking memory
loss or psychiatric symptoms (18). Hence, there is a
possibility of some overlap between AERRPS and
LE.

The process of epileptogenicity in AERRPS is not
well understood. Epilepsy secondary to encephalitis
is reported to occur after a latent period of
3.82 £ 3.7 years (1). In contrast, there is no definite
seizure-free period in AERRPS. We hypothesize
that extraordinary epileptogenicity prolongs
seizures even after the acute phase and therefore
makes the initiation of epilepsy inconspicuous.

AERRPS

The etiology of AERRPS remains to be clarified.
In the present study, several lines of evidence
supported the hypothesis that some of AERRPS
are associated with CNS inflammation. First,
unlike epilepsy, neurological manifestations are
preceded by febrile illness and are accompanied
by persistent fever. Second, the levels of neopterin,
which are known to be up-regulated in macrophage
activation syndrome, are elevated in CSF; however,
others seem to be irrelevant to the inflammatory
process. Not all the patients showed increased
mononuclear cells or elevated CSF protein concen-
tration. In the previous reports, Kramer et al.
maintained an ‘inflammatory’ theory (11), whereas
Mikaeloff et al. objected to this (12). Taken
together, it is possible that AERRPS and similar
disorders are caused by multiple etiologies with a
common clinical phenotype.

The involvement of the inflammatory process
permits us to speculate that a specific infectious
agent causes AERRPS; however, this is unlikely
because extensive viral studies were all negative.
Another possibility is an autoimmune mechanism. It
is intriguing that the serum or CSF of some patients
with AERRPS was positive for antibodies against
GluRe2. Ito et al. first reported a patient with
AERRPS who had this antibody (19). This antibody
is not specific to AERRPS but is found in patients
with various neurological diseases, including intrac-
table epilepsy, Rasmussen encephalitis, and other
forms of encephalitis (8). However, the early
appearance (0-20 days after onset) of antibodies
against GluRe2 in CSF suggests that GluR autoim-
munity contributes to the onset of encephalitis (20).

In conclusion, a novel clinical syndrome
designated AERRPS is characterized by definite
hallmarks. AERRPS is currently defined solely by
its clinical characteristics, and thus further investi-
gation into its pathomechanisms is necessary.
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Acute Nonparaneoplastic Limbic Encephalitis in
Childhood: A Case Series in Japan

Hiroshi Sakuma, MD, Kenji Sugai, MD, and Masayuki Sasaki, MD

Limbic encephalitis not associated with malignancy was
investigated in Japanese children, with particular focus
on clinical features distinct from adult cases. Clinical,
laboratory, and radiographic findings were studied in
pediatric nonparaneoplastic limbic encephalitis, based
on a literature review and questionnaire-based analy-
ses. Analysis of 14 cases revealed the predominance of
seizure occurrence, disturbance in consciousness, and
frequent extralimbic signs. The majority manifested
antecedent febrile illnesses, suggesting the involvement
of infection-induced autoimmunity targeted to neuro-
nal antigens. These clinical observations indicate
a child-specific phenotype of limbic encephalitis. Fur-
ther studies on its immunopathogenesis are needed to
determine whether childhood limbic encephalitis is
a distinct subcategory. © 2010 by Elsevier Inc. All
rights reserved. .

Sakuma H, Sugai K, Sasaki M. Acute nonparaneoplastic
limbic encephalitis in childhood: A case series in Japan.
Pediatr Neurol 2010;43:167-172.

Introduction

Limbic encephalitis is characterized by a triad of signs,
i.e., short term memory deficit, limbic seizures, and psychi-
atric signs, together with frequent mesial temporal hyperin-
tensity evident on T,-weighted magnetic resonance
imaging [1]. Limbic encephalitis associated with malig-
nancy is recognized as classic paraneoplastic limbic
encephalitis [2]. A similar condition, termed the nonpara-
neoplastic form of limbic encephalitis, lacks tumor forma-
tion and occasionally affects young children. It has
become an important clinical concern [3]. However, few pa-
tients with childhood onset limbic encephalitis have been
reported, and this condition has not been investigated exten-

sively in a large cohort. We sought to clarify the clinical,
laboratory, and neuroradiologic features of limbic encepha-
litis occurring in childhood.

Patients and methods

We performed an online retrieval of limbic encephalitis case reports from
Japana Centra Revuo Medicina, a Japanese bibliographic database of med-
ical journal articles, using the keywords ““limbic encephalitis’’ and ““child.”
Although the definition of limbic encephalitis varied widely between stud-
ies, we adopted the criteria proposed by Batalleretal., i.e., predominant lim-
bic signs, including confusion, seizures, short term memory loss, or
psychiatric signs, in association with one or more of the following: (1) neu-
roimaging evidence of temporal lobe involvement, (2) cerebrospinal fluid
inflammatory abnormalities, or (3) detection of antibodies associated with
limbic encephalitis [4]. Patients were excluded from the study under certain
circumstances: (1) paraneoplastic limbic encephalitis and encephalitides
caused by certain neurotropic viruses, (2) age of more than 15 years (be-
cause such patients are conventionally seen by adult neurologists in Japan
and are not identified as childhood cases), and (3) immunocompromised
backgrounds (limbic encephalitis was repbned in immunocompromised
hosts, caused by a reactivation of human herpesvirus-6).

Twenty cases of childhood onset limbic encephalitis were identified be-
tween 2003 and 2008. Two cases were paraneoplastic. Among 18 patients
without malignancy, seven were described in case reports, and 11 in confer-
ence abstracts. We sent a questionnaire to the physicians treating the 11 pa-
tients described in conference abstracts. Questions involved antecedent
infections, clinical signs (impaired consciousness, seizures, memory im-
pairment, psychiatric signs, and higher brain dysfunction), laboratory find-
ings (involving cerebrospinal fluid, electroencephalograms, magnetic
resonance imaging, and single photon emission computed tomography),
treatments (antiviral agents and immunomodulation), and prognoses. Five .
of the physicians responded. Fourteen patients (8 boys and 6 girls) were en-
rolled in the study, including one patient who was treated at our hospital.

Results

Clinical and laboratory features are indicated in Tables 1
and 2. Six patients (1, 2, 3, 6, 7, and 10) were reported pre-
viously [5-10]. The median age of patients was 10 years
(range, 4-14 years).
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Table 1. Clinical features

Patient Age Sex Antecedent Illness* Fever Presenting Sign
1 14 F Respiratory infection (5} ND Trritability
2 12 F Unknown febrile illness (5) + Somnolence; seizure
3 13 F Unknown febrile iliness ND Disorientation
4 6 F Unknown febrile illness (0) + Disorientation; somnolence; oral automatism
5 4 M Unknown febrile illness (4) + Aphasia; seizure
6 6 M None - Seizure
7 8 M Unknown febrile illness (9) + Seizure
8 12 M Unknown febrile illness (2) ND Seizure
9 14 F None + ND
10 8 M Gastroenteritis (5) + Seizure; consciousness impairment
11 11 M Respiratory infection ND Abnormal behavior; delirium; insomnia
12 10 M Respiratory infection (6) — Seizure
13 9 F Unknown febrile illness (7) + : Seizure
14 9 M Unknown febrile illness (7) + Seizure
* Number in parentheses represents latency period (days).
Abbreviations: F = Female M = Male
CPS = Complex partial seizure : GTCS = Generalized tonic-clonic seizure ND = Not described
Table 2. Laboratory and radiographic findings, treatments, and outcomes
Cerebrospinal
Patient Fluid Electroencephalography =~ Magnetic Resonance Imaging SPECT Viral Study
1 CC 55; protein 10 Slowing . Normal L frontal/temporal low HSV-PCR(—); HSV antibody(—)
2 CC2 Periodic epileptiform Bilateral hippocampus/ ND HSV-PCR(-); HSV antibody(-)
discharges claustrum high
3 CC 1; protein 24 Slowing L temporal/parietal high L temporal/parietal high HSV(-)
4 CC 4; protein 11 Slowing Normal Temporal low Negative viral isolation
5 CC 11, protein 21 Slowing Normal L temporal low HSV-PCR(—);
negative viral isolation
6 CC 19; protein 18 Slowing Normal L frontal/temporal low HSV-PCR(-)
7 CC 13; protein 16 Slowing Bilateral hippocampus/ ND HSV-PCR(-);
claustrum high- negative viral isolation
8 CC 4; protein 71 Spike/spike and wave Bilateral hippocampus/ ND HSV(-)
amygdala high
9 CC 48; protein 198 Slowing Bilateral hippocampus/ Not tested HSV-PCR(-)
’ insula high
10 CC 0; protein 45 Slowing; multifocal spikes Bilateral claustrum high ND HSV-PCR(-); HSV antibody(—)
11 CC 17; protein 27 Slowing ; R temporal high R lempol'-al high HSV antibody(—);
' negative viral study
12 CC 2; protein 41 Slowing Bilateral hippecampus/ Bilateral temporal low HSV-PCR(-);
amygdala high negative viral isolation
13 CC 10; protein 41 Slowing; focal spike Bilateral hippocampus/ Bilateral HSV-PCR(-);
claustrum high parietal/occipital low negative viral isolation
14 CC 3; protein 55 Diffuse spikes and Bilateral hippocampus high Not tested HSV-PCR(—);
waves; slowing. negative viral isolation
Abbreviations: HSV = Herpes simplex virus PCR = Polymerase chain reaction
(=) =Negative’ IVIg = Intravenous immunoglobulin R = Right
CC = White blood cell count/ul. L =Left SPECT = Single photon emission computed tomography
FIQ = Full intelligence quotient ND = Not described
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Impairment of Short Term
Consciousness Seizures Memory Loss Psychiatric Signs Other Signs
Disorientaion; stupor - + Irritability; emotional lability Agnosia; sleep disorder
Somnolence; coma GTCS; eyelid twitch Not evaluated Trritability; emotional lability Oral tendency; aberrant sexual behavior
Disorientaion Epilepsia partialis continua + Hallucinations; perseveration Spatial agnosia
Disorientaion; GTCS I Emotional lability; hallucinations; Oral automatism; paratonic rigidity
somnolence abnormal behavior
Delirium Partial seizure + Irritability; aggression; emotional Aphasia; hemiplegia; dystonia; sleep diserder
lability; hallucination
+ Hemiconvulsion + Irritability Aphasia; myoclonus; stereotypy; sleep disorder;
hemiplegia; dysarthria
+ GTCS L+ Emotional lability; personality change; Aphasia; dysesthesia; myoclonus; stereotypy;
aggression aberrant sexual behavior; dysarthria
Coma GTCS,; perioral twitch + Abnormal behavior Aberrant sexual behavior
+ Partial seizure Not evaluated Irritability Partial quadriplegia; bulbar palsy
Somnolence; CPS; GTCS + Hallucination Dysarthria
disorientation ’
Disorientation CPS + Abnormal behavior; irritability; . Bulimia; aberrant sexual behavior;
aggression; emotional lability 1 sleep disord
+ + + Aggression; emotional lability Aphasia; agnosia; hyperkinetism;
‘ aberrant sexual behavior
Somnolence Partial seizure + Emotional lability; personality change
+ + + Emotional lability; personality change Sleep disorder; oral automatism
Acyclovir Immunomodulation ‘Intellectual QOutcomes Residual Epilepsy Other Neurologic Sequelae
+ - Normal ‘ — Memory impairment; emotional lability
+ Dexamethazone FIQ 93 + ND
- - Normal - Sensory/auditory hypersensitivity
+ Dexamethazone Normal - -
- Methylprednisolone; IVIg Normal . — Impairment in visual perception
+ Methylprednisolone Normal + ND
+ - FIQ 99 - Emotional lability
+ Methylprednisolone . Normal ’ + ND
+ Methylprednisolone; IVIg; Severe mental retardation - Partiat quadriplegia
plasmapheresis
+ Methylprednisolone FIQ 107 ) + ND
+ ' Methylprednisolone Developmenml - " Amnesia
quotient of 66 :
+ Methylprednisolone FIQ 103 - Aphasia; attention distractability
+ Methylprednisolone; IVIg Mild mental retardation - Emotional lability; personality change; amnesia
+ — FIQ 73 + ND '
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Febrile illness, presumed to have an infectious cause,
preceded the onset of neurologic signs by 0-9 days in 12 pa-
tients. Seizures (n = 10), impaired consciousness (n = 5),
and psychiatric signs (n = 3) were the common initial signs.
All patients exhibited impaired consciousness, which var-
icd considerably in degree, from disorientation to coma.
Psychiatric signs were also common, and included emo-
tional lability (n = 7), irritability (n = 7), abnormal behavior
(n = 4), hallucinations (n = 4), aggression (n = 4), and per-
sonality change (n = 2). Of the 15 patients with seizures,
three manifested generalized seizures, six manifested par-
tial seizures, and four manifested both. Seizure type was
not described in three patients. Short-term memory loss
was evident in 12 patients. Ten patients demonstrated all
three signs of the limbic encephalitis triad. Higher brain
dysfunctions, e.g., aphasia (n = 4) and agnosia (n = 3),
were also observed. Other signs included movement disor-
ders (n = 4), aberrant sexual behavior (n = 4), sleep disor-
ders (n = 4), dysarthria (n = 2), oral tendency (n = 2), and
stereotypy (n = 2).

Analysis of cerebrospinal fluid revealed mild to moderate
pleocytosis in eight patients, and an elevated protein level in
four. An electroencephalogram revealed slow background
activity in 10 of 12 patients examined during the acute
phase of their illness. Magnetic resonance imaging indi-
cated signal abnormalities in hippocampal or amygdaloid
formations (n = 9) and the claustrum (n = 4), whereas three
patients exhibited normal results of magnetic resonance im-
aging. On single photon emission computed tomography,
cerebral blood flow in the temporal lobe was decreased in
four patients and increased in two. The anti-voltage-gated
potassium channel antibody was negative in one patient.
Other autoantibodies associated with limbic encephalitis
were not examined. Herpes simplex virus, as tested by an-
tibody measurement or polymerase chain reaction, was not
evident in any patients.

Ten of 14 patients received immunomodulatory treat-
ments, including corticosteroids, intravenous immunoglob-
ulin, and plasmapheresis. The efficacy of these treatments
was difficult to assess because spontaneous recovery prob-
ably occurs in limbic encephalitis. Prophylactic acyclovir
was administered to 12 patients, and their overall prognosis
was favorable. Ten patients demonstrated normal intellec-
tual outcome after recovery, and only one manifested severe
cognitive impairment. Other neurologic sequelae included
residual epilepsy (n = 5), psychiatric disorders (n = 3),
and memory impairment (n = 3).

Discussion

Limbic encephalitis is characterized by a broad range of
etiologies | 1]. Table 3 lists the differential diagnoses of lim-
bic encephalitis. Some neurotropic viruses, such as herpes
simplex, preferentially infect the limbic system [11]. Hu-
man herpesvirus 6 is thought to be responsible for posttrans-
plant acute limbic encephalitis, a serious complication after
hematopoietic stem cell transplantation [12]. In addition,
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Table 3. Differential diagnoses of limbic encephalitis in children and
adolescents

Herpes simplex encephalitis [11]

Human herpesvirus-6 encephalitis

In immunocompromised hosts {12]

Associated with drug hypersensitivity syndrome [13]
Neuropsychiatric lupus [14]

Sjogren syndrome [15]

Hashimoto’s encephalopathy [16]

Encephalitis lethargica [17]

Acute encephalitis with refractory, repetitive, partial seizures [ 18]

this virus is often reactivated in the cerebrospinal fluid of
limbic encephalitis patients as a comorbidity of drug hyper-
sensitivity syndrome |[13]. Furthermore, neuropsychiatric
lupus or other autoimmune diseases may mimic limbic en-
cephalitis [ 14-18].

Autoimmune limbic encephalitis comprises another well
established category, and most of these cases are indicated
by autoantibodies (Table 4) [1,19-22]. This condition
occurs in relation to senile cancer, and is associated with
onconeuronal antibodies, including anti-Hu and anti-Ma
antibodies [2,23-25]. These antibodies target intracellular
antigens, whereas autoantibodies that are directed against
cell surface antigens, including the voltage-gated potassium
channel and N-methyl-D-aspartate receptor, are topics of in-
terest [26.27]. Autoimmune limbic encephalitis commonly
shares the classical triad of signs, whereas those cases caused
by specific causative autoantibodies are characterized by
unique signs. For example, anti-N-methyl-p-aspartate
receptor antibody encephalitis often affects adolescents
or young adults, and is associated with facial dyskinesia,
hypertonia, autonomic instability, and hypoventilation
[28]. Voltage-gated potassium channel autoimmunity is
often accompanied by dysautonomia, peripheral neuropa-
thy, or hypothermia [29.30].

Most cases of autoimmune limbic encephalitis in adult-
hood are associated with certain neoplasms, i.e., the disease
manifests as a parancoplastic syndrome. For example, anti-
Hu or anti-voltage-gated potassium channel antibodies are
associated with small cell lung carcinoma, whereas the
anti-N-methyl-p-aspartate receptor antibody is associated
with ovarian teratoma | 19]. In children, however, these an-
tibodies are often detected in patients devoid of neoplasms.
In a recent study, only 25% of patients with anti-N-methyl-
p-aspartate receptor encephalitis (age below 18 years) man-
ifested a tumor [31].

Studies of large series of children with limbic encephali-
tis have not been conducted. The detailed clinical and lab-
oratory features documented in the present study
demonstrate a number of differences between childhood
and adult limbic encephalitis. Rapidly developing seizures
and impaired consciousness were the principle initial signs
in children. This finding is in sharp contrast to limbic en-
cephalitis in adulthood, which usually demonstrates a sub-
acute onset of memory impairment or psychiatric signs.
Furthermore, extralimbic signs, including dysarthria, higher



Table 4. Autoantibodies associated with limbic encephalitis

Antigen Frequency in Children
Hu (ANNA-1) [2] Infrequent
Ma, Ta [23] Infrequent
CV2/CRMPS5 [24] Infrequent
Amphiphysin {25] Infrequent

Voltage-gated potassium Not uncommon

channel {26,29,30]

NR1/NR2 subunits of N-methyl-D-aspartate Frequent
receptor [27.28.31]

Alpha-amino-3-hydroxy-5-methyl- Not reported
4-isoxazolepropionic acid receptor [20]

Glutamic acid decarboxylase [21] Unknown

Gamma-aminobutyric acid receptor [22] Unknown

Abbreviation:
SCLC = Small lung cell cancer

Specific Features Associated Cancers

Neuropathy, ataxia, brainstem SCLC
encephalitis, dysautonomia
Ataxia, brainstem encephalitis
Ataxia, chorea, myasthenic
syndrome, uveitis
Neuropathy, myelopathy,
stiff person syndrome
Hyponatremia, neuropathy,
dysautonomia, hypothermia
Dyskinesia, autonomic instability,
hypoventilation, catatonic-like state
Concurrent systemic antoimmunity

Lung cancer, germ cell tumor
SCLC, thymoma

SCLC, breast cancer
SCLC, thymoma
QOvarian teratoma
Lung cancer,
breast cancer, thymoma

Uncommon
SCLC

Stiff person syndrome, ataxia
Early or prominent seizures

brain dysfunction, aberrant sexual behavior, and oral ten-
dency, are not usually evident in adult patients. Childhood
limbic encephalitis was suggested to involve not only the
limbic system, but also the basal ganglia, brainstem, and
neocortex. Whether the wide variety of clinical phenotypes
in childhood limbic encephalitis is dependent on age, or is
attributable to an etiology dlstmct from adult cases, remains
to be determined.

Antecedent febrile iliness was common in children, sug-
gesting that infection may exert considerable influence on
the initiation of limbic encephalitis. Human herpesvirus-6
is unlikely to causes limbic encephalitis in previously
healthy children, because this condition occurs almost ex-
clusively in cases with an immunocompromised back-
ground, or in those receiving certain drugs, e.g.,
antiepileptic agents [12,13]. Herpes simplex virus
infection was excluded in ‘all patients. Furthermore,
a majority exhibited negative virus isolation. These data
indicate that direct viral invasion is unlikely to play
a central role in childhood limbic encephalitis. A large
part of adult limbic encephalitis is associated with
neoplasms. In contrast, we discovered only two case
reports of paraneoplastic limbic encephalitis in the last 5
years. In cases of anti-N-methyl-pD-aspartate receptor
encephalitis with ovarian teratoma, 72 of 84 patients
manifested prodromal syndrome with hyperthermia [28].
This finding demonstrates that even in paraneoplastic lim-
bic encephalitis, infection can trigger the onset of illness.
Hence, antecedent infection may cause limbic encephalitis
through a secondary autoimmune response.

This study was limited insofar as serum autoantibodies
associated with limbic encephalitis were not investigated.
Based on the diversity of clinical phenotypes, it is natural
to assume that the pathomechanism of childhood limbic en-
cephalitis is heterogeneous, possibly involving diverse
causative antibodies. Therefore, thorough immunologic

investigation, including humoral and cellular immunity,
will be necessary to elucidate age-related differences in
limbic encephalitis. '
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53500, BMTEIHRSAT5THE. EANICHE
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3) MEIEtERS % (Encephalitis lethargica)
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cephalitis with refractory, repetitive partial seizures,
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1986 4EICRE - BILIC L b [RR LK - BESRTA
AT ELTREBIN-EBREESTHEY. BEOM
% - BRIEETADPAIT—RICED B~ BEEOBRE
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