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Abbreviation: AADC = aromatic L-amino acid decarboxylase.
2 For the full list of signs and symptoms and description of radiologic findings, see table e-1
and online information in the JAKE database (http://www.biopku.org).

umented in 86% of patients at the time of
investigation. Thus, oculogyric crises and hypotonia
can be considered characteristic features of AADC
deficiency (table 1). A total of 63% of the patients
developed developmental retardation: mental or mo-
tor retardation or both. Additional autonomic symp-
toms such as excessive sweating or temperature
instability occurred in 65% and 29% of the patients.
Further, most frequent symptoms described were
feeding or speech difficulties (42%) and movement
disorders like athetosis (27%), chorea (22%), dysto-
nia (53%), or hypokinesia (32%). Poor eye fixation
was documented in 19 patients (26%), poor head
control in 22 patients (28%), hypersalivation in 32
patients (41%), and hypertonia in 35 patients
(44%). A total of 37% of the patients had insomnia
and 35% had irritability. In 24 patients (31%), nasal
congestion was reported, and in 30 patients (39%),
ptosis was evident (table 1).

For more detailed information, see table e-1 or

the JAKE database (http://www.biopku.org).

Biochemical investigations. The age at laboratory diag-
nosis varied from 4 months to 24 years (median 3.9
years). None of the patents was diagnosed in the neo-
natal peried. The results of the CSF, plasma, and urine
analyses at the time of diagnosis are shown in table e-2.
All patients whose biochemical data are reported
showed significantly reduced 5-hydroxyindoleacetic
acid (SHIAA), homovanillic acid (HVA), and 3-
methoxy-4-hydroxyphenylglycol (MHPG) levels in
CSF rtogether with elevations of 5-OH-Tip and 3-O-
methyldopa (30MD). In all padents in whom AADC
activity in plasma was measured, it was always very low
or not detectable. VLA elevation in urine was reported
in a few cases and in some clevation was rather mild.
L-dopa (3,4-dihydroxyphenylalanine) was, however,
normal in 6 out of 78 patients. A typical pattern of CSF
metabolites is summarized in figure 2.

Genotypes, We found a wide range of murations and
genotypes (table e-2 and figure e-1), and DNA anal-
ysis was available in 49 our of 78 patients. Out of 30
mutations described in the BIOMDB database, 24
different murations were detected in patients from
the JAKE dartabase, of which 8 had not been de-
scribed earlier (p.L38P, p.Y79C, p.A110Q, p.G123R,
p.I42fs, c.876G>A, p.R412W, p.1433fs). In 3 pa-
tients (ID#36, 1D#37, 1D#48), mutations were
found on 1 allele only. The substitution mutation in
Intron 6, IVS6+4A>T, was by far the most com-
mon mutation (allele frequency 45%), followed by
p-S250F (allele frequency 10%), p.G102S (allele fre-
quency 8%), and p.R462P (allele frequency 6%). It
is conspicuous that all patients with an TVS6+
4A>T mutation are of Chinese or Taiwanese origin
and 7 patients whose ethnic origin is not known are
living in Taiwan. All the other mutations are pre-
sented with allele frequency of 1%-3%. The 3 most
common genotypes are IVS6+4A>T/IVSG+4A>T
(35%), p.S250F/p.S250F (6%), and p.G102S/
p.G102S (4%).

Neuroimaging and EEG investigations. A total of 24%
of patients showed an abnormal MR, 13% an ab-
normal EEG, and 6% an abnormal CT (table 1).
The patients with an abnormal EEG mostly showed
slow or rapid activity or polyspikes. Patients with ab-
normal MRI or CT presented with cerebral atrophy,
degenerative changes of the white matter, thinning of
corpus callosum, prominent ventricular bodies,
leukodystrophy-like pattern, or hypomyelination.

Treatment. Although a variety of medications have
been used in patients with AADC deficiency, some
therapeutic protocols are used more frequently and
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Table 2
recommended treatment modalities

Summary of the most frequently used medications in patients with AADC deficiency and

Maximal -

i L X : BT No;of - . 3:232? . Dose: dosage,®: -
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L-Dopa 400-2,250 mold or 11.2-54 mafkgld ~ 10/78 13 1 3 15

Abbreviation: AADC = aromatic L-amino acid decarboxylase.
2 Modified according to Hoffmann and Surtees.*®

b Therapy is usually initiated with a combination of the low-dosage pyridoxine and one of the dopamine agonists {bromocrip-
tine or pergolide}. In a second step, monoamine oxidase inhibitor is added (e.g., selegiline). All other medications are added
only if the initial treatment protocol fails to improve neurologic symptoms.

pyridoxine is the most common drug used (71% of
patients). The dosage reported varied between 40
and 1,800 mg/day (4.0-81 mg/kg/day). Bromocrip-
tine was used in 38 out of 78 patients, with a dosage
of 1.0-45.5 mg/day (0.013-4.0 mg/kg/day), and
wanylcypromide (1.5-54 mg/day or 0.4—0.5 mg/ke/
day) and selegiline (0.03-1.5 mg/kg/day) were ap-
plied in 28% and 24% of patients. A total of 19% of
patients had a therapeutic trial with trihexyphenidyl
with dosages of 0.231-4.62 mg/day (0.3-0.5 mg/
kg/day), 15% were tried on pergolide (0.3-1.5 mg/
day or 0.006-0.75 mg/kg/day), and 13% of patients
were treated with L-dopa (400-2,250 mg/day or
11.2-54 mg/kg/day). The majority of cases showed

no or poor response despite different protocols and a
combination of different drugs. Only 15 partients
(nos. 10, 13, 14, 15, 26, 27, 45, 47, 53, 55, 56, 64,
66, 67, and 71) were reported with good or very
good clinical benefit (improvement in at least 5
symptoms). Patents 1-3 have been previously de-
scribed with favorable clinical benefit,® and 2 other
patients (26 and 27) with an excellent response to
MAO inhibitor and dopamine agonist therapy.?
There was no significant difference between 2 groups
(responder and nonresponder) with regard to bio-
chemical and genetic data.

A total of 73 patients (96%) were clinically incon-
spicuous before the age of 10 years and most of them
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CS8F concentrations {median and 5th-95th percentile) of key neurotransmitter metabolites in patients with aromatic
L-amino acid decarboxylase deficiency at the time of diagnosis. 30MD = 3-O-methyldopa; SHIAA = 5-hydroxyindoleacetic
acid; 50H-Trp = 5-hydroxytryptophan; HVA = homovanillic acid; L-dopa = 3,4-dihydroxyphenylalanine; MHPG =
3-methoxy-4-hydroxyphenylglycol. For reference ranges, see table e-2. These may differ between laboratories,
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were started on medication immediately after diag-
nosis. Many of these patients also developed addi-
tional non-neurologic symptoms such as ptosis,
excessive sweating, temperature instability, and nasal
congestion (table 1).

DISCUSSION In this study, we documented clini-
cal, biochemical, and molecular data of 78 patients
with AADC deficiency, tabulated in the JAKE dara-
base of pediatric neurotransmitter disorders. A total
of 32 cases have not been published previously. The
clinical presentation of these new patients is in line
with the clinical picture of AADC deficiency de-
scribed in the literature. 24182425 The most frequent
neurologic signs and symptoms were muscular hypo-
tonia and oculogyric crises and approximately half of
the patients showed movement disorders with hypo-
kinesia, dystonia, athetosis, and chorea. While hypo-
tonia is a rather nonspecific feature, oculogyric crises
are typical for AADC-deficient patients and were not
present or not reported at the age of investigation in
only 11 patients.'#2>2¢ Seven previously unreported
cases (49, 52, 53, 60, 61, 63, and 74) also did not
present with oculogyric crises at the age of investiga-
tion (5 months-11.5 years); however, it is possible
that some of these patients will develop such episodes
in the future, particularly since some of them were
not on treatment. A total of 49 patients were re-
ported with mental or motor retardation.

In general, most of the signs and symptoms de-
scribed in patients with AADC deficiency can be as-
signed to deficiencies of dopamine, norepinephrine,
epinephrine, and serotonin. Dopamine is synthesized
in substantia nigra, ventral tegmentum, and hypo-
thalamus, and its deficiency affects voluntary move-
ments, cognitive function, and emotion, but also
hormonal-related functions. Norepinephrine and
epinephrine deficiency affects attention, mood,
sleep, cognition, and stress hormones, and distur-
bance in serotonin biosynthesis affects appetite,
sleep, memory, learning, body temperature, mood,
cardiovascular function, and endocrine functions.
Consequently, AADC-deficient patients present
with parkinsonism and dystonia, motor activity, and
sleep problems (dopamine functions); autonomic
dysfunction, temperature instability, and ptosis (nor-
epinephrine and epinephrine function); and sleep
disorders, memory and learning disability, and be-
havioral disturbance (serotonin functions).?”

Brain imaging and EEG revealed normal findings
in most patients. Ten patients had an abnormal
EEG, mostly showing slow or rapid activity or
polyspikes.»#15192% Five patients with an abnormal
brain CT and 19 patients with an abnormal MRI pre-

sented with cerebral atrophy, degenerative changes
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of the white matter, thinning of corpus callosum,
prominent ventricular bodies, leukodystrophy-like
pattern, hypomyelination, or adult pattern of my-
cﬁnation.l,l4,19.12,25,28,29

The clinical phenotype, although quite typical in
classic patients, will hardly ever be recognized as
AADC deficiency due to its rarity, physicians thus
being unfamiliar with the disorder. In general, che
results of biochemical investigations will point to
AADC deficiency as the underlying cause in a child
with a complex neurologic disorder. Laboratory pro-
tocol for the diagnosis of AADC deficiency includes
investigation of metabolites of dopamine and seroto-
nin (HVA, MHPG, r-dopa, 30MD, 5-OH-Trp,
and 5HIAA) in CSF,® AADC activity in plasma,’®
and organic acids (VLA) in urine.’? Although mea-
surement of VLA within the organic acids profile
would be the most practical approach in the diagno-
sis of AADC deficiency, a number of patients who
we investigated presented with only mildly elevated
concentrations of urinary VLA (data not shown).
Measurement of additional metabolites in urine such
as vanilpyruvic acid and N-acetyl-vanilalanine, both
metabolites of VLA, may increase the sensitivity of
this approach.” Thus, CSF investigation of neuro-
transmitter merabolites is essential for the diagnosis.
As shown in table e-2 and figure 2, all patients whose
biochemical data are known presented with a typical
pattern of metabolites in CSF, specifically reduced
concentrations of HVA, 5HIAA, and MHPG, and
an elevation of 30MD, L-dopa, and 5-OH-Trp.
L-dopa was reported as elevated in 40 out of 78 pa-
tients. In 32 patients, it was not measured (nos. 1, 9,
11, 12, 14, 16-20, 26-35, 48, 49, 5863, 70, and
75-78), and in patients 13, 53, 69, and 71-73, it was
normal. Some variability in the biochemical data
could, however, relate to diurnal variation. If there is
diurnal variation, then any correlation between treat-
ment response and biochemical data could be ob-
scured by this variation.

In 49 patients, mutation analysis of the DDC
gene was performed. Different point mutations were
identified; 8 mutations have not previously been re-
ported in AADC-deficient patients (p.L38P,
p-Y79C, p.A110Q, p.G123R, p.I42fs, c.876G>A,
p-R412W, p.1433f5). With the exception of patients
with Chinese origin with a common splice mutation
IVS6+4A>T, most patients harbor private mura-
tions spread out through the entire DDC gene (table
e-2). There is no indication for a genotype-pheno-
type correlation.

The therapy is aimed at correcting the neurotrans-
mitter abnormalities, especially those of serotonin and
catecholamines. Unfortunately, a substitution therapy
with neurotransmitter precursors L-dopa and 5-
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hydroxytryptophan is not effective in nearly all AADC-
deficient patients, as they cannot be further metabolized
and in fact already circulate in enormous amounts.
Nevertheless, 3 siblings responded dramatically to
t-dopa. They carry a homozygous mutation affecting
the binding of the substrate 1-dopa to the enzyme.’
Thus, treatment strategies are aiming eicher at an aug-
mentation of residual AADC activity with pyridoxine
and PLP or the use of MAO-B inhibitors and dopa-
mine agonists are commonly used.

Patients received depamine receptor agonists,
anticholinergics, monoaminoxidase inhibitors, o-
adrenergic agonists, selective serotonin reuprake
inhibitors, cofactor of AADC (pyridoxine or PLP),
catechol-O-methyltransferase inhibitors, precursors
of dopamine and serotonin (L-dopa, 5-OH-Trp),
L-dopa decarboxylase inhibitors, folinic acid, and
melatonin. Other medications were used to lesser de-
gree. The overall response to drug therapy was good
in 15 patients, with unsatisfactory or no response in
the other 63 patients. There may be a difference in
response to treatment between male and female pa-
tienss, as reported by Pons et al. Ten out of the 15
patients with a satisfactory clinical benefit were male.
However, more male than female patients were in-
vestigated. There were 41 male patients, 31 female
patients, and 6 patients with unknown sex who took
part in our study. The 15 patients with a good clini-
cal response still have different symptoms that never
completely resolved.

First-choice medications appear to be dopamine
agonists such as bromocriptine or pergolide in combi-
nation with pyridoxine, and MAO inhibitors such as
selegiline in the second step (table 2). Bromocriptine is
usually given at a starting dosage of 0.25 mg/kg/day
divided in 3 doses per day. Another dopamine agonist,
pergolide, should be given at a very low starting dosage
of 0.006 mg/kg/day twice a day. Beneficial effect of per-
golide was described in patients with a severe neuro-
transmitter deficiency due to tetrahydrobiopterin
deficiency. Alternadvely to selegiline, tranylcypromine
can be given in 1-3 doses a day at a dosage around 8
mg/day. The therapy with trihexyphenidyl should start
at a dosage of 1-2 mg/kg 3 times daily. The dosage
should then be increased by 1 or 2 mg/day each week
undil the child shows any improvement, the child devel-
ops side effects, or a limit of 10 mg/kg/day is reached.
As alternative therapy, L-dopa may be given. L-dopa
should be given 3 times a day at a dosage of =15 mg/
kg/day. L-dopa should be increased in steps of not more
than 1 mg/kg over days, weeks, or sometimes several
months. It should be inwoduced slowly because of re-
ceptor hypersensitivity in early-diagnosed severe cases,
and start at very low doses given up to 6 times a day. In
late-diagnosed severe cases, patients maximally tolerate
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a dose of up to 10 mg/kg/day, which should be given
for 6 months before deciding whether it is beneficial or
not. Additional carbidopa treatment should be avoided,
because of a possible deterioration of symptoms. Pyri-
doxine, precursor of the nawral cofactor of AADC,
should not be given at doses of >200 mg/kg/day.?® Pyr-
idoxine is first phosphorylated to pyridoxine 5'-
phosphate and subsequently converted to PLP. There is
evidence that an optimal level of PLP is important for
AADC stability and thac PLP may be required for the
maintenance of AADC activity.??

Folinic acid substitution in AADC-deficient pa-
tients is recommended at a dosage of 10-20 mg/day
because of possible cerebral folate depletion due to
methylation of accumulated 1-dopa.

Drug therapy in patients with AADC deficiency
is a challenge and unfortunately there are still no
good therapeutic strategies available. For many pa-
tients, the overall outcome is disappointing.

There is a new hope that AADC-deficient pa-
tients may benefit from gene therapy in the future.
By delivering the human DCC gene into patients’
cells,' this technique may stabilize expression of a
functional AADC protein. Similar attempts are in
progress for patients with Parkinson disease.?' In a
phase I safety trial, patients with moderate 1o ad-
vanced Parkinson disease received bilateral infusion
of a low dose of the adeno-associated viral hRAADC
vector into the putamen. This gene therapy approach
has been well-tolerated and shows evidence of sus-
tained gene expression.
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Abstract

We report sibling cases of aromatic L-amino acid decarboxylase (AADC) deficiency, which is a very rare congenital metabolic
disorder. These patients were born to healthy and non-consanguineous parents, and presented oculogyric crises, paroxysmal dys-
tonic attacks, and severe psychomotor retardation since early infancy. In cerebrospinal fluid the levels of homovanilic acid and
5-hydroxyindoleacetic acid were very low and the level of L-dopa was very high. The diagnosis was confirmed by the lack of AADC
activity in plasma, and a point mutation in the 44DC gene. MR1 revealed a slightly small volume of the prefrontal areas and normal
myelination in both patients. Positron emission tomography using 2-deoxy-2['®F] fluoro-p-glucose was performed in one patient,
which revealed hypometabolism in the prefrontal cortex and bilateral basal ganglia with a little laterality. These findings suggested
that the severe dystonic features were caused by abnormal function of bilateral basal ganglia and severe psychomotor retardation

could be due to abnormalities in prefrontal cortical activity.
© 2009 Elsevier B.V. All rights reserved.

Keywords: AADC deficiency; MRI; PET; Prefrontal cortex; Caudate nucleus

1. Introduction

Aromatic r-amino acid decarboxylase (AADC or
dopa decarboxylase; DDC) deficiency (OMIM #608643)
is an extremely rare congenital metabolic disorder and
one of the infantile movement disorders, which is very
intractable to treat [1-4]. Although less than 100 cases
have been reported worldwide [1-8], a relatively high
occurrence rate was reported in Taiwan [7]. AADC con-
verts L-dopa to dopamine and 5-hydroxy tryptophan to
serotonin, and its deficiency results in the depletion of

* Corresponding author. Tel.: 81 42 341 2711; fax: +81 42 344
6745.

E-mail address: masasaki@ncnp.go.jp (M. Sasaki).

0387-7604/$ - see front matter © 2009 Elsevier B.V. All rights reserved.

doi:10.1016/j.braindev.2009.05.004

both dopamine and serotonin in the brain. As a conse-
quence, several characteristic symptoms are caused.

We experienced sibling cases of AADC deficiency,
confirmed by enzymatic and genetic analysis. We report
magnetic resonance imaging (MRI) findings in both
cases, and positron emission tomography (PET) using
2-deoxy-2['®F] fluoro-p-glucose (FDG) between dys-
tonic attacks was performed in patient 1.

2. Case reports
2.1. Patient 1

This 3-year-old boy was born to healthy and unre-
lated parents with mild asphyxia at full term. He cried
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Table 1
The concentration of catecholamine of the CSF.

L-Dopa HVA MHPG S5-HIAA
Patient 1 13.6 5.7 <1.0 <1.0
Patient 2 27.4 12.2 <1.0 <1.0
Normal range <2.0(ng/ml) 28-200(ng/mi) 6.5-51{ng/ml)

17-116(ng/ml)

HVA, homovanillic acid; MHPG, 3-methoxy-4-hydroxy-phenylglycol; SHIAA, 5-hydroxyindoleacetic acid.

weakly, was motion-less since birth, and needed tube
feeding for 1 week. He first showed oculogyric crisis at
3 months of age, and had similar attacks several times
a week. Oculogyric crisis usually lasted about 30 min.
He also suffered from generalized dystonic attacks for
30-120 min several times a week. Opisthotonus or bicy-
cle-riding movements were observed during these
attacks. He showed visual pursuit at 6 months of age,
but had not yet obtained head control or rolling over.

He had a severe intellectual and motor developmental
delay. He was always nasally congested and his face
was frequently running with sweat during wakefulness.

A neurological examination between dystonic attacks
revealed general hypotonia, paucity of movement, slightly
exaggerated deep tendon reflexes and pathological reflexes.
Eye movement was normal. Ordinary blood analyses were
normal. An electroencephalogram (EEG) showed no par-
oxysmal discharges during either dystonic attacks or inter-

Fig. 1. Axial T1-weighted (left) and T2-weighted (right) MRI at the level of the putamen. Upper row is patient 1 and lower row is patient 2. MRI
shows a slightly small volume of the prefrontal areas in both patients. The volumes of basal ganglia and brain cortex are normal, and myelination is

also normal. No abnormal intensity areas are seen.
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mittent states. A catecholamine analysis of the cerebrospi-
nal fluid (CSF) revealed a very high concentration of
L-dopa and a very low concentration of homovanilic acid
(HVA) and S-hydroxyindoleacetic acid (5-HIAA) (Table
1). These results strongly suggested AADC deficiency.

2.2. Patient 2

This 6-month-old girl was the younger sister of
patient 1. She was born healthy with no adverse events.
She also showed oculogyric crisis since 1 month of age,
and paroxysmal general hypertonia lasting for a few
hours since 3 months of age but she was alert during
the attack. She had not yet obtained head control or
rolling over. She also disclosed general hypotonia and
paucity of movement between hypertonic attacks. Her
CSF revealed a high concentration of L-dopa and a very
low concentration of HVA and 5-HIAA (Table 1).

2.3. AADC activity

AADC activity was measured in the serum to confirm
the diagnosis using previously reported methods [9].

Serum AADC activity was very low in both patients
(AADC activity: 0.5 pmol/min/ml in patient 1,
0.4 pmol/min/ml in patient 2; normal; 50-100).

2.4. Gene analysis

The AADC gene mutation was analyzed after obtain-
ing informed consent from the parents of the patients.
Genomic DNA from peripheral blood of the patients
was extracted according to standard procedures. Each
exon of the A4DC gene was amplified by PCR using
primers designed to amplify the coding and flanking
non-coding 4A4DC regions. Bidirectional cycle sequenc-
ing reactions were performed with the ABI Big Dye Ter-
minator Sequencing Kit (Applied Biosystems: Foster
city, CA, USA), and the purified products were subject
to an automated capillary array sequencer (ABI 3100,
Applied Biosystems). Sequencing results revealed a het-
erozygous point mutation (g.329C> A). The other
mutation was not detected. We confirmed that this point
mutation was not present in 50 normal Japanese
controls.

Fig. 2. Easy Z-score imaging (eZIS) analysis of FDG-PET in patient 1. Hypometabolim is observed in bilalateral caudate nuculei to putamina (lower
in the left side) and insular cortex with some laterality. Upper; axial section, lower; coronal section.
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3. Neuroradiological studies

MRI: Brain MRI in both patients revealed a slightly
small volume of the prefrontal areas (Fig. 1) and normal
myelination. No abnormal findings in the basal ganglia
were observed.

PET: Glucose metabolism was evaluated by FDG-
PET in patient 1. We evaluated the results by using an
easy Z-score imaging system (eZIS) [10], eZIS revealed
hypometabolism in both caudate nuclei and putamina
with some laterality (lower in the left side) (Fig. 2) and
prefrontal cortex (Fig. 3). The area in which the level
of the area was lower than —2SD compared with the
standard is colored with purple or blue and the area
lower than —3SD is colored with green.

4. Discussion

Patient 1 was at first assumed to have cerebral palsy
(CP) because he was born with mild asphyxia. He had
been diagnosed with a dystonic type of CP before patient
2 was born. Patient 2, who was born healthy, showed ocu-
logyric crises and dystonic attacks. Since these symptoms
were the same as those in patient 1, it was presumed that
they both had a basic disorder. Repeated attacks of dys-
tonia reminded us of childhood movement disorders,
especially neurotransmitter diseases, and the catechol-
amine in the CSF indicated an abnormality in the level
of neurotransmitters. The low activity of AADC con-
firmed the diagnosis of AADC deficiency. The gene anal-
ysis of the A4ADC showed heterozygous mutation. Since
we examined all exons and intron—exon junctions, there
must be other mutation in other area. After the diagnosis
was established, both patients were treated with a mono-
amine oxidase (MAO) inhibitor and a dopamine agonist,
but showed no favorable response.

In MRI studies, the volume of the prefrontal area
was reduced in both cases by visual inspection, although

.+ R

we did not performed volumetric study. The volume of
the basal ganglia was normal.

We performed FDG-PET in patient 1 to investigate
the brain glucose metabolism. The eZIS analysis
revealed hypometabolism in both basal ganglia and pre-
frontal cortex. To our knowledge, these findings have
not yet been reported in other patients with AADC defi-
ciency [3].

In AADC deficiency, both dopamine and serotonin
depletion must have occurred in the brain. Dopamine
is mostly involved in substantia nigra and basal ganglia
circuits. Hypometabolism in caudate nuclei shown in
this FDG-PET study probably could be the cause the
symptoms of dystonia and muscle tone abnormality.

The mechanism for the slightly small size and hypo-
metabolism in the prefrontal cortex was not identified.
Mesencephalic dopaminergic neurons are known to pro-
ject to the prefrontal cortex and striatum [11]. The dopa-
mine depletion probably causes dysfunction in
dopaminergic innervation, and depleted dopaminergic
pathways in the prefrontal cortex probably cause the
occurrence of prefrontal cortical dysfunction. Similar
dysfunction could occur in the serotonergic pathways.
Most patients with AADC deficiency have both severe
motor developmental and severe intellectual disability,
which might be explained by the prefrontal cortical
dysfunction.

Both dopamine and serotonin depletion could pro-
duce not only basal ganglia dysfunction but also pre-
frontal cortical dysfunction, especially in the
developing brain.
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Summary

Purpose: To evaluate the effectiveness of surgery for epilepsy, we analyzed rhythmic fast activ-
ity by magnetoencephalography (MEG) before and after surgery using time—frequency analysis.
To assess reliability, the results obtained by pre-surgical MEG and intraoperative electrocor-
ticography were compared.

Methods: Four children with symptomatic localization-related epilepsy caused by circumscribed
cortical lesion were examined in the present study using 204-channel helmet-shaped MEG
with a sampling rate of 600 Hz. One patient had dysembryoplastic neurocepithelial tumor (DNT)
and three patients had focal cortical dysplasia (FCD). Aberrant areas were superimposed, to
reconstruct 3D MRI images, and illustrated as moving images.

Results: In three patients, short-time Fourier transform (STFT) analyses of MEG showed rhyth-
mic activities just above the lesion with FCD and in the vicinity of DNT. In one patient with
FCD in the medial temporal lobe, rhythmic activity appeared in the ipsilateral frontal lobe and
temporal lateral aspect. These findings correlate well with the results obtained by intraopera-
tive electrocorticography. After the surgery, three patients were relieved of their seizures, and
the area of rhythmic MEG activity disappeared or become smaller. One patient had residual
rhythmic MEG activity, and she suffered from seizure relapse.

* Corresponding author. Tel.: +81 11 706 5954; fax: +81 11 706 7898.
E-mail address: ss11@med.hokudai.ac.jp (S. Saitoh).

0920-1211/$ — see front matter © 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.eplepsyres.2009.10.002
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Conclusion: Time—frequency analyses using STFT successfully depicted MEG rhythmic fast activ-

ity, and would provide valuable information for pre- and post-surgical evaluations to define
surgical strategies for patients with epilepsy.
© 2009 Elsevier B.V. All rights reserved.

Introduction

Magnetoencephalography (MEG) is applied to localize the
source of epileptiform discharges in patients with refractory
epilepsy, particularly in symptomatic localization-related
epilepsy, as it is noninvasive and exhibits excellent temporal
and spatial resolution. MEG is a predictive tool for epilep-
tic surgery. MEG localization of epileptiform discharges has
been successfully achieved by single dipole modeling (SDM),
which is mainly used to analyze interictal epileptiform spikes
(Hamaldinen et al., 1993; Ebersol, 1997), However, the
application of SDM appears to be limited to patients with
localized spikes, since the algorithm is based on the pre-
sumption that the current epileptic discharge originates
from a single spot.

Rhythmic electroencephalography (EEG) activities are
often the hallmarks of underlying epileptogenesis. Rhythmic
polyspike activities have been reported as indicative of an
irritative epileptogenic zone in the electroencephalography
(Gambardella et al., 1996). A scalp EEG showed interic-
tal focal paroxysmal beta activity in children with epilepsy
caused by brain tumor, arteriovenous malformation, and cys-
tic lesion (Hooshmand et al., 1980). In surveys of surgical
outcomes, the locations of ictal rhythmic beta activities on
scalp EEG and intracranial EEG have been correlated with
the onset of seizures in patients with neocortical epilep-
sies (Talairach et al., 1992; Lee et al., 2000; Park et al.,
2002; Worrell et al., 2002; Bonati et al., 2006). However,
the resolution of EEG is not powerful enough to properly
evaluate rhythmic activity because EEG activity is affected
by the conductivity of brain structures (Hamaldinen et al.,
1993), and in some cases EEG is unable to detect notable
pathological activity (lwasaki et al., 2005).

Recently, time—frequency analyses of EEG and MEG have
been used to investigate rhythmic activities (Haykin et al.,
1996; Grosse et al., 2002; Bosnyakova et al., 2006). Short-
time Fourier transform (STFT) applies a short-time window
to the signal and performs a series of Fourier transforms
within this window as it slides across the recorded data
(Oppenheim and Schafer, 1999). This technique can be used
to estimate the time—frequency components of the signal
and visualize the spectral distributions. It has been proposed
to apply this technique to patients with epilepsy (Kiymik et
al., 2005), as it provides temporal changing information on
the time—frequency domain.

Our current study was conducted to evaluate the effec-
tiveness of surgery for epilepsy using pre- and post-operative
MEG to assess changes in epileptic rhythmic activity.

Patients and methods
Patients

Four children with refractory symptomatic localization-related
epilepsy induced by a circumscribed cortical lesion were enrolled

in the present study. They underwent surgery between September
2005 and April 2008. Their guardians gave written informed consent
for this study.

Methods

MEG

MEG data before and after surgery were recorded using a
204-channel helmet-shaped neuromagnetometer (Neuromag Vec-
torview; Elekta-Neuromag Oy, Stockholm, Sweden) with pairs of
orthogonal planar gradiometers at 102 locations. The recordings
were carried out in a magnetically shielded room, with the patient
in a supine position. The MEG data were collected for about 40 min
for each patient at a sampling rate of 600 Hz. During the MEG exam-
ination, Patients 1, 2 and 4 received intravenous sodium thiopental
for sedation, to avoid motion artifacts, while Patient 3 did not
require sedation. A scalp EEG was recorded simultaneously using
the international 10-20 system.

MEG data analysis. MEG data were filtered for offline analysis with
a band pass of 3—100 Hz.

The segments that contained abnormal paroxysms were selected
manually. Single spikes were analyzed by SDM, to determine the
distribution of brain activity generating the spike. Rhythmic fast
activity discharges were analyzed by STFT, to determine the local-
ization and value of each selected discharge.

SDM. The dipole-fit software (Neuromag, Helsinki, Finland) was
used to calculate the equivalent current dipoles (ECDs). We defined
acceptable ECDs as having goodness of fit (GOF) >70% and ECD
strength of between 100 and 800nAm. GOF is a measure of how
well the ECD model explains the measured signals. Acceptable ECDs
were superimposed on the MRlis.

STFT analysis. STFT was used to reveal the distributions of MEG
fast activity (Oppenheim and Schafer, 1999) and the MATLAB (Math-
Works, Natick, MA, USA) program was used to execute the STFT
for the MEG signals. Each signal was divided into small sequential
frames, and fast Fourier transformation (FFT) was applied to each
frame.

In the present study, the STFT was implemented using a 256-
point window. The time of each window was 426.7ms (i.e.,
256 points x 1000 ms/600Hz). The window was shifted every four
points, which corresponded to 6.7ms (i.e., 1000ms/600Hz x 4
points). FFT was applied to each window. This process was repeated
for the whole signals that were selected. The time—frequency dis-
tributions are displayed as graphs (Fig. 2C).

A spectrum was considered to be aberrant when it was observed
in the graph to be isolated from the background frequency
spectrum. An aberrant frequency spectrum on the graph was super-
imposed onto the reconstructed 3D MRI.

ECoG

The ECoG studies were performed during surgery. The ECoG data
were collected using the Ceegraph system (Bio-Logic, Mundelein,
IL, USA), with a sampling rate of 512 Hz. A 4 x 5 grid electrode array
was used for Patients 1 and 4. A 4 x 8 grid electrode array was used
for Patient 3. A four-channel strip electrode was used for Patient
2. Recording was performed for at least 1min at each electrode
location.
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(A) Top panel: FLAIR MRI showing FCD on right parietal—occipital areas. Bottom panel: ECDs located at the FCD (red

dot). (B) EEG at 1 year of age, just before the operation, demonstrating fast activity discharges at electrode C3, C4 interictally.
(C) ECoG during operation before resection of lesion indicates 18—22-Hz polyspike bursts at electrodes 9, 10, 12—15, 17, 18, and
19 (yellow bar). These electrodes are located on top of the FCD. (D) FCD was exposed at the right supra-marginal gyrus during the
operation. (E) FCD was resected after the operation. (For interpretation of the references to color in this figure legend, the reader

is referred to the web version of the article.)

MRI

MRI was acquired with a 1.5T high-resolution MRI scanner (Magne-
tom VISION; Siemens AG, Erlangen, Germany) for both diagnostic
purposes and co-registration with the MEG data. Axial T1-weighted
images (WI), T2WI, fluid-attenuated inversion recovery (FLAIR)
images, and gadolinium-enhanced T1WI were obtained.

Single-photon emission computed tomography (SPECT)

9IMTe L-ethyl cysteinate dimer (*™Tc-ECD)-SPECT was performed
interictally and ictally for Patient 2, and interictally for Patient 3.
We used a ring-type SPECT scanner (Headtome-SET070; Shimadzu
Corp., Kyoto, Japan). The #™Tc-ECD was injected intravenously at
a dose of 111 MBq into Patient 2 and at 600 MBq into Patient 3.

Positron emission tomography (PET)

'8F-Fluorodeoxyglucose (FDG)-PET and '!C-flumazenil (FMZ)-PET
were performed for Patient 2 using the EXACT ECAT HR+ head scan-
ner (Siemens). The injected doses of '8F-FDG and ''C-FMZ were
185MBq and 370 MBq, respectively.

Results

Case reports

Patient 1
A 17-month-old boy had daily seizures. At 1 month of age,
he began to have daily seizures with loss of consciousness
and tonic extension of bilateral upper limbs. His seizure was
refractory to various anti-epileptic drugs. Initially, his MRI
finding was normal. At 16 months of age, a circumscribed
lesion appeared on MRI with low intensity in the T1WI, high
intensity in the T2WI, and FLAIR in right supra-marginal gyrus
(Fig. 1A). An interictal EEG revealed rare spikes at elec-
trodes C4 and P4 and low-voltage 10—12-Hz fast activity at
electrodes C3 and C4 (Fig. 1B).

The 204ch MEG corresponding to the EEG fast activity
showed rhythmic activities in the right central temporal
areas (Fig. 2A). The ECDs were scattered over the corti-

cal lesion (Fig. 1A, bottom panel). STFT analysis indicated
a specific aberrant 15—18-Hz oscillation in the right central
temporal areas (Fig. 2C). The specific oscillation at 15—18 Hz
was generated at the focal cortical dysplasia (FCD) in the
moving image (Fig. 3A).

The patient underwent craniotomy at 18 months of
age. Intraoperative ECoG showed 18—19-Hz polyspike bursts
at electrodes 9, 10, 12—15, 17, 18, and 19. These elec-
trodes were located upon the resected cortical lesion
(Fig. 1C, yellow bar). The frequencies of the MEG rhyth-
mic activities (15-18Hz) and ECoG polyspike (18—22Hz)
were comparable, and the locations of the MEG and ECoG
oscillation almost overlapped. A total lesionectomy was
performed.

The pathology was focal cortical dysplasia with balloon
cells (Palmini type 2B). The patient has remained seizure-
free for 22 months and has developed steadily.

Patient 2

A 2-year-old girl had daily seizures. At age 10 months, she
experienced an afebrile, generalized, tonic-clinic seizure.
MRI showed a left frontal cortical construction anomaly. At
15 months of age, she began to have seizures with extension
of her right arm and leg, flexion of her left arm and leg,
and deviation of her head and eyes to the right. Although
anti-epileptic drugs controlled the seizures, she was able to
speak only a few words at 32 months of age.

T2WI and FLAIR MRI showed cortical thickening in the left
frontal lobe, blurring of the gray-white matter junction and
hyperintensity of the subcortical white matter. Interictal
99mTc-ECD-SPECT showed hypoperfusion in the left frontal
area and ictal *™Tc-ECD-SPECT revealed hyperperfusion in
the left frontal area. '8F-FDG-PET showed hypometabolism
in the left frontal area, and '"C-FMZ PET demonstrated
decreased binding at the left frontal area.

Interictal EEG demonstrated rhythmic, 13—14-Hz, low-
voltage fast activity and a low number of sharp waves
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Figure 2

{A) 204ch MEG corresponding to interictal fast activity on the EEG (gray bar in Fig. 1B) demonstrates polyspikes at

the right central temporal areas. (B) One representative gradiometer (red circle in (A)) showing rhythmic activity. (C) STFT graph
showing specific rhythmic activities with 15—18-Hz oscillation at the right central temporal areas (red squire). (D) Enlarged section
of red squire in (C). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of

the article.)

at electrodes Fp1, Fp2, F3, and F7. Ictal EEG showed
desynchronization, followed by left frontal spikes and slow
waves.

The 204ch MEG corresponding to the EEG fast activ-
ity showed rhythmic activities at the left frontal—temporal
areas. The ECDs were not clustered due to the low num-
ber of isolated spikes with sufficient signal-to-noise ratio.
STFT analysis indicated that a specific, aberrant, 15—20-Hz
oscillation was generated at the left superior temporal gyrus

and propagated to the middle and inferior frontal gyri in the
moving image (Fig. 3B, top panel).

The patient underwent the operation at 36 months. Intra-
operative ECoG showed 13—25-Hz spikes and polyspikes at
the orbito-frontal area.

The frequencies of the MEG oscillation (15—20Hz)
and ECoG polyspike (13—25Hz) were comparable. ECoG
polyspikes were located inside the area where the MEG oscil-
lation was depicted by moving images.
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(A) Patient 1 3D-MRI overlay: 1y/o (pre-operation)

Oms +192ms +576ms +865ms +1057ms

(B) Patient 2 3D-MRI overlay: 2y/o (pre-operation)

Oms +79ms +317ms +555ms

3D-MRI overlay: 3y/o (post-operation)

Oms +1684ms +1853ms

(C) Patient 3 3D-MRI overlay: 15y/o (pre-operation)

Oms +517ms +775ms +862ms +1260ms

(D) Patient 4 3D-MRI overlay: 8y/o (pre-operation) 3D-MRI overlay: 9y/o (post-operation)

Oms +92ms +184ms +200ms +700ms

Figure 3  (A) Specific oscillation at 15—18 Hz generated at the FCD in the superimposed 3D MRI image of Fig. 2C in Patient 1. (B)
Top panel: Preoperative superimposed 3D MRI image in Patient 2 showing specific oscillation generated at the superior temporal,
middle-frontal gyrus, and inferior frontal gyrus. Bottom panel: Post-operative superimposed 3D MRI image in Patient 2 showing
specific oscillation generated at the superior temporal, middle-frontal gyrus, and inferior frontal gyrus. (C) Superimposed 3D MRI
image in Patient 3 showing specific oscillation generated in the vicinity of the DNT. (D) Left panel: Preoperative superimposed 3D MRI
image in Patient 4 showing broad aberrant oscillation at the left lateral occipital lobe, at the inferior, middle, and superior temporal
gyrus, at the angular gyrus, supra-marginal gyrus and the inferior frontal gyrus (red and yellow areas). Right panel: Post-operative
superimposed 3D MRI image in Patient 4 showing broad aberrant oscillation at the left angular gyrus and at the inferior frontal gyrus
(yellow area). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of the
article.)

Based on the FDG-PET findings, the patient underwent At age 44 months, 8 months after operation, interictal
left frontal lobe disconnection. The pathology was FCD with EEG demonstrated spikes at electrodes Fp1, F3, F7 and frag-
dysmorphic neuron and without balloon cells (Palmini type ment polyspikes at electrode F7. The MEG showed residual
2A). The patient had remained seizure-free for 8 months and rhythmic activities at the left frontal—temporal areas. STFT
her development improved dramatically. analysis of the moving image indicated that a specific, aber-
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rant, 15—20-Hz oscillation was generated at the left superior
temporal (Fig. 3B, bottom panel). Subsequently, she had
seizure relapse. The ECDs were clustered at the left pars
opercularis. Additional resection of the left pars opercularis
was performed. The patient has since remained seizure-free
for 8 months.

Patient 3

A 15-year-old girl had weekly, but sometimes daily, clus-
ters of seizures. Her development was normal. At 6 years
of age, she began to have weekly seizures with deviation
of the eyes without loss of consciousness. At 10 years of
age, she began to have the sensation of being in an eleva-
tor that was falling. Following the aura her head and eyes
deviated to the right with loss of consciousness, and in some
instances her seizure evolved into right-side clonic seizures.
At 14 years of age, the first MRI showed a circumscribed mass
of low intensity on T1WI and high intensity on T2WI in the
left parietal—occipital regions.

Interictal *™Tc-ECD-SPECT showed hypoperfusion at the
left parietal—occipital areas, which corresponded with the
lesion found on MRI. Interictal EEG revealed polyspikes with
slow waves at electrodes F3, F4, F7, C3, and C4. The corre-
sponding 204ch MEG showed rhythmic activities in the left
frontal and central areas. The ECDs for these spikes were
scattered in the anterior vicinity of the MRI lesion. STFT
analysis indicated a specific aberrant 20—25-Hz oscillation
in the left frontal and central areas. The specific oscillation
at 20—-25Hz was generated in the vicinity of the lesion in
the moving images (Fig. 3C).

She underwent craniotomy at 16 years of age. The
intraoperative ECoG showed 18—25-Hz polyspike bursts at
electrodes which were located at the anterior vicinity of the
lesion. The frequencies of the MEG oscillation (20—25Hz)
and ECoG polyspike (18—25Hz) almost corresponded. ECoG
polyspikes were located inside the area where the MEG oscil-
lation was depicted by moving images. A total lesionectomy

was carried out; the tumor and the gyri involved by the

tumor were resected simultaneously.

The tumor was diagnosed as dysembryoplastic neuroep-
ithelial tumor (DNT). One month after the operation, her
EEG and MEG showed no fast activity. The patient has been
seizure-free for 24 months post-surgery and exhibited no
neurological deficits.

Patient 4

A 9-year-old girl had daily seizures. Her seizures initially
occurred at 1 month of age with complex partial seizure with
motion arrest, loss of consciousness and cyanotic change.
Her seizures evolved to daily simple seizures, described
as ictal fear and cephalic sensation, and complex partial
seizures with motion arrest and autonomic change (cyan-
otic face) for 3—4min without remarkable description of
dystonic posturing. At 7 years of age, a circumscribed lesion
appeared on the MRI in the T1WI! at low intensity, in the
T2W1 and FLAIR at high intensity, in the left temporal para-
hippocampal gyrus, uncus and hippocampus. At 8 years of
age, an EEG performed just before her operation showed
independent spikes at the right occipital and left frontal
areas, but these were not as intense in the left tempo-
ral area where the lesion existed. Furthermore, EEG and

MEG showed intermittent, but prolonged, rhythmic activ-
ity at the left frontal and temporal areas. STFT analysis of
rhythmic MEG activity during the pre- and post-operative
periods demonstrated widespread rhythmic activity in the
ipsilateral frontal lobe and in the lateral aspect of the
temporal lobe (Fig. 3D, left panel). This rhythmic activ-
ity disappeared after the operation and became localized
to the left pre- and post-central gyrus (Fig. 3D, right
panel).

She underwent an operation at 8 years of age. The
intraoperative ECoG showed continuous rhythmic spikes at
approximately 20 Hz just before dysplasia resection at the
lower area of the left pre- and post-central gyrus and
the supra-marginal gyrus. This activity disappeared and
became restricted to the left pre-frontal gyrus and supra-
marginal gyrus at lower amplitude. One month after surgery,
STFT analysis indicated that the oscillation became more
restricted and of lower power than in the preoperative MEG
(Fig. 3E, right panel).

Discussion

This study indicate that time—frequency analyses using STFT
can reveal the distributions of rhythmic fast activity on MEG.
This method is useful for pre- and post-surgical evaluation.
To improve outcomes from epileptic surgery, it is essential
to define the precise location of the epileptogenic zone and
the margin of surgical resection by the pre-surgical evalua-
tion. For these purposes, MEG analysis is considered to be
a suitable technique, as it offers good temporal and spatial
resolution and noninvasive.

We used thiopental for three of the four patients.
Thiopental produces fast activity in the beta range
{12—-30Hz). However, these fast activities are bilaterally
symmetric and developed in a frontal—central area, similar
to those appearing during drowsiness (Feshchenko et al.,
1997, 2004). The fast activity in our study was generated
unilaterally and not in a frontal—central area, thus the fast
activity in our study was not attributed to thiopental.

Single dipole modeling has been used mainly to ana-
lyze the interictal epileptiform spikes on MEG. Oishi et al.
(2006) reported that single clusters of ECDs indicated dis-
crete epileptogenic zones that required complete resection
for seizure-free outcome. In the present study, isolated
interictal spikes were scarce in Patients 1 and 3, and the
ECDs of Patients 1 and 3 were also scattered but not clus-
ter. These ECDs were almost concordant with the high-power
area of MEG fast activities, indicating that the SDM localiza-
tions were also useful for pre-surgical evaluation in these
patients. In contrast, Patient 2 showed few ECDs, due to
a scarcity of isolated spikes with sufficient signal-to-noise
ratio. The ECDs in Patient 4 were clustered at two remote
areas from epileptogenic area at left temporal lobe. These
ECDs were discrete from the high-power area of MEG fast
activities. ECDs might thereby reflect propagation from the
source oscillation. The data obtained from the SDM were,
therefore, insufficient for pre-surgical evaluation in our
patients.

Ochi et al. (2007) used ECoG to investigate high frequency
oscillation (HFO) at the epileptogenic focus and to assess the
relationship between the outcome of surgery for epilepsy
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and the pattern of HFQ. Their findings demonstrated the
significant value of preoperative analysis of rhythmic activ-
ity. MEG provides higher temporal resolution than EEG and
was thus able to show epileptiform discharges more clearly
than EEG. For this reason, MEG has the potential to more
precisely analyze epileptic rhythmic discharges.

There were several advantages of the MEG findings
for pre-surgical evaluation. In our study, epileptic rhyth-
mic activity was demonstrated more clearly by MEG in
all patients. Furthermore, the frequency of oscillation
appeared faster by MEG than by EEG. For Patients 1, 2, and
4, the EEG showed bilateral fast activity. For Patient 3, EEG
showed only a spike or polyspike and a slow wave complex
that corresponded to the MEG fast activity. For Patient 2,
who was nonlesional on MRI, STFT analysis indicated the
epileptic foci, and together with the FDG-PET findings, this
information enabled us to plan the disconnection strategy
for surgery. For Patient 3, the data enabled us to place the
intraoperative ECoG electrodes not only on the lesion, but
also at the anterior vicinity of the lesion and source of the
fast activity. Similarly, the STFT findings for Patient 4, facil-
itated placing the ECoG electrodes. STFT analysis of fast
activity is thus clearly beneficial for predicting the epileptic
foci in patients with poor or several ECDs and for placing the
ECoG electrodes.

Our study analyzed the changes in epileptic rhythmic
activity before and after surgery for epilepsy and demon-
strated the clinical value in predicting the outcome of
surgery. For Patient 3, the MEG polyspikes and spikes disap-
peared following surgery and the patient became seizure-
free. For Patients 2 and 4, especially, an aberrant rhythmic
oscillation appeared in the remote area of the primary
epileptic focus: FCD or DNT. For Patient 4, this rhythmic
activity disappeared after the operation. For Patient 2, the
MEG polyspikes persisted after surgery and her seizures
relapsed. This remote rhythmic activity was defined as sec-
ondary epileptogenic focus. In some cases a supplementary
operation, such as multiple sub-pial transection, is con-
ducted to treat the secondary focus. Our operative strategy
was lesionectomy and we planned further resection accord-
ing to the seizure outcome and outcome of MEG after the
operation. Post-operative MEG showing normal or notably
improved aberrant rhythmic oscillation suggests a favorable
outcome, whereas post-surgical residual MEG polyspikes
may indicate a risk of seizure relapse. Our findings from MEG
correlated with seizure outcome. Thus, MEG provides a use-
ful post-surgical evaluation procedure to indicate the need
for a secondary operation. In this way, MEG avoids redundant
resection and is a safe and noninvasive procedure.

Concerning the correlation between the MEG and ECoG
findings, the high-power area of MEG fast activity for Patient
1with FCD (shown in the red area of the 3D movie; Fig. 3A)
and the area of ECoG polyspikes were consistent, with both
oscillations colocalizing at the FCD. For Patient 2 with FCD,
the ECoG polyspikes were located within the high-power
area of MEG fast activity (shown in the red area of the 3D
movie; Fig. 3B). For Patient 3 with DNT, the ECoG polyspikes
were within the high-power area of MEG fast activity (shown
in the red area of the 3D movie; Fig. 3C), and both areas
were located near the tumor. For Patient 4 with FCD, the
high-power area of MEG fast activity {(shown in the yellow
area of the 3D movie; Fig. 3D, left panel) was consistent

with the area of ECoG polyspikes. Thus, the MEG fast activ-
ity locations demonstrated by STFT colocalized well with
the ECoG polyspikes in patients, while MEG areas were
rather wider. This could be due to the distance (several cm)
between the cortical surface and the MEG sensors, the size
of the planar gradiometer sensor, and the distance between
Sensors.

Guggisberg et al. (2008) showed the clinical value of
MEG for the epileptic rhythmic activities in correlation
with ECoG. Consistent with the results of previous stud-
ies, our findings suggest that STFT of MEG data can depict
fast activity that indicate epileptogenic zones associated
with FCD and DNT, which are the most significant etiologies
of pediatric intractable symptomatic localization-related
epilepsy. The excellent post-surgical outcomes achieved for
our patients strongly support the predictive value of nonin-
vasive MEG analysis. The rhythmic activities that are closely
correlated to the ictogenesis in the cerebral cortex can be
demonstrated stereoscopically by noninvasive MEG.

This STFT analysis is limited to patients who have aber-
rant frequency oscillation like fast activity in our study
isolated from the background frequency spectrum. However,
unlike ECD and other spatial filtering methods, STFT con-
fers the following advantages. (1) STFT analyzed the original
recorded magnetic field data directly. (2) Parameters do not
need to be selected arbitrarily to make assumptions about
current source and volume conductor, and thus to solve the
inverse problem for source localization. (3) STFT indicates
the temporal changes. {(4) STFT can analyze oscillations that
are generated simultaneously over a wide area and with low
signal-to-noise ratio.

On the other hand, there were some limitations of this
study. First, because the planar gradiometers evaluate the
magnetic field just beneath the sensor, STFT could not
reflect the depth of source. Second, because of the sensor
size of planar gradiometer are 2.8 cm x 2.8 cm and distance
between sensor centers is 3.4cm, there might be a 1—-2¢cm
errors between oscillation sources and projected position of
sensor on 3D MRI.

In conclusion, MEG can detect fast activity in symp-
tomatic localized-related epilepsy more clearly and accu-
rately than conventional EEG. STFT reveal the frequency
and location of MEG fast activity that could not be ana-
lyzed by SDM. The MEG fast activity findings correlated well
with the intraoperative ECoG findings and are therefore
useful for pre-surgical evaluation. Ascertaining the pres-
ence of fast activity after epilepsy surgery could predict the
prognosis of seizures. This noninvasive evaluation provides
valuable information for pre- and post-surgical evaluations
to define surgical strategies for patients with symptomatic
localization-related epilepsy induced by circumscribed cor-

tical lesions.
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and 83%. respectively.! However, patients presenting with an
advanced stage of adult WT still show a poor outcome. In a recent
NWTS retrospective report, OS (with a mean observation time of
54 months) was only 20% for stage IV adult WT.”

The present patient initially presented with highly extensive
disease, which was cured with multimodal therapy based on
pediatric strategy. Because the patient’s hematological toxicities
were always serious, the interval between chemotherapy was
thus prolonged. In addition, we also decided to use the minimum
required radiation dosage and PBSC rescue. Furthermore, the
patient’s neurotoxicity secondary to vincristine was also serious.
thus requiring the use of special equipment.

This case demonstrated that WT observed in the adolescent
and adult population, even when identified at an advanced stage.
appears to be curable if multimodal treatment according to the
established pediatric strategy is effectively performed. However,
toxicity such as hematological toxicity and neuropathy may
develop at a higher incidence and at a more severe grade.'? In this
case the PBSC rescue may not have been needed, however this
method should nevertheless be considered in patients presenting
with severe hematological toxicity. Kalapurakal et al. pointed out
the risk of veno-occlusive discase associated with an overdosage
of ACD in adult patients.® Therefore, such toxicities should be
closely monitored in adult patients with WT. Moreover, pro-
spective trials in both adolescent and adult patients with WT are

warranted in order to establish the appropriate dosages and
optimal schedule of chemotherapy, as well as to determine
the ideal sequence and effective design of local treatments and
supportive care.
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Vaccine-associated paralytic poliomyelitis in a

non-immunocompromised infant
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poliomyelitis.

Oral poliovirus vaccine (OPV) was introduced in Japan in 1961
and it has become a routine immunization for infants since [964.
Durihg the 1960s, the widespread use of OPV led to a dramatic
decrease in- the number of patients contracting poliomyelitis.
Since 1981, no poliomyelitis cases. caused by wild poliovirus
have been reported in Japan.' Live virus vaccination, however, is
associated with the serious consequence of vaccine-associated
paralytic poliomyelitis (VAPP). In 2002, the World Health Orga-
nization estimated that between 250 and 500 cases of VAPP occur
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every year due to the use of OPV.in routine childhood immuni-
zation programs around the world.? Although VAPP can occur in
healthy recipients or their close contacts, persons with primary
immunodeficiencies have a much higher risk of the disease.**

In Japan, the overall risk for recipient and contact VAPP has
been reported as one case in every 2 million doses given, while
the risk of recipient VAPP and recipient VAPP following the first
OPV dose is one in every 3.7 million doses and one in every 2.3
million doses given, respectively.®

In this study, we report a case of VAPP in an mfant who did
not have any obvious immunodeficiency.

Case report

A 7-month-old male infant of healthy parents was presented with
a high fever of 39°C and a perianal abscess, 15 days after his first



