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To evaluate the effect of corpus callosotomy (CC) on attention deficit and behavioral problems in pediatric
patients with intractable epilepsy, we retrospectively investigated sequential patients who had undergone
CC to control seizures. Between August 2005 and April 2010, a total of 15 patients aged between 3.1 and
17.9 years underwent CC at our institute. All the patients experienced either drop attacks or head nodding,

which were considered to be therapeutic targets of CC. A standardized instrument, the Child Behavior
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Checklist (CBCL), was used to assess behavioral and emotional problems before and after surgery. On post-
operative EEGs, 8 (53%) showed improvement and 7 (47%) showed no change in epileptiform discharges.
The Attention Problems scale and total score on the CBCL significantly improved in patients whose postop-
erative EEGs showed improvement. In addition to amelioration of target seizures, CC can improve attention
impairments in association with improvement in the postoperative EEG.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Chronic uncontrolled epilepsy in children represents a significant
risk for deficits in emotional, behavioral, social, cognitive, and farnily
functioning [1,2]. Although the primary goal of epilepsy surgery
is to eliminate seizures, the child's mental, behavioral, and social
functioning improves once the seizures are successfully eliminated
[3-5]. This phenomenon has not been clarified in past studies because
the most commonly reported outcome is seizure control.

In general, corpus callosotomy (CC) is a palliative surgical proce-
dure for patients who are not candidates for focal resective surgery
despite their intractable seizures. CC best ameliorates drop attacks
(tonic and atonic seizures) as well as tonic-clonic, absence, and fron-
tal lobe complex partial seizures (CPS) [6]. The rationale underlying
this procedure is based on the hypothesis that the corpus callosum
is the most important pathway for interhemispheric spread of epilep-
tiform activity [7]. With respect to the behavioral and neuropsycho-
logical effects of CC, extensive investigations have been undertaken;
however, to our knowledge, no studies have yet assessed these
effects with the standardized instrument for assessment of children's

* Corresponding author at: Department of Child Neurology, NCNP, 4-1-1, Ogawa-
Higashicho, Kodaira, Tokyo 187 8551, Japan. Fax: + 81 42 344 6745.
E-mail address: yonekawa@ncnp.go.jp (T. Yonekawa).

1525-5050/$ - see front matter © 2011 Elsevier Inc. All rights reserved.
doi:10.1016/j.yebeh.2011.08.027

behavioral problems known as the Child Behavior Checklist (CBCL),
developed by Achenbach [8,9].

The aim of the present study was to assess, with the CBCL, behav-
ioral and emotional problems in children who were candidates for
CC and to evaluate whether postoperative improvement in EEGs
or target seizures contributed to changes in specific behavioral and
emotional problems.

2. Methods

Written informed consent was obtained from the parents of all
patients, according to the recommendations of the Declaration of
Helsinki for investigations involving human subjects.

2.1. Patients

Between August 2005 and April 2010, a total of 15 consecutive
patients aged between 3.1 and 17.9 years underwent CC to control
epileptic seizures at National Center Hospital, National Center of
Neurology and Psychiatry. All patients were ambulatory and had
had intractable epilepsy for more than a year. Drop attacks or head
nodding resulting from tonic, atonic, or CPS was observed in all
patients and constituted the most disabling seizure characteristics.
These characteristics were considered targets of CC. Characteristics
of all patients are provided in Table 1.
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Table 1
Descriptive characteristics of patients.

Boy:girl ratio 10:5

Age at epilepsy onset
Range
Median
Diagnosis
Frontal lobe epilepsy
Hemispheric congenital abnormality®
West or Lennox-Gastaut syndrome
Age at surgery

0.3-8.5 years
1.8 years

9 (60.0%)°
3 (20.0%)
3 (20.0%)

Range 3.1-17.9 years

Median 6.5 years
Duration of epilepsy prior to surgery

Range 1.9-15.2 years

Median 4.5 years

<2 years 1(6.7%)

2-5 years 6 (40.0%)

5-8 years 7 (46.7%)

>8 years 1(6.7%)
Extent of corpus callosotomy

Anterior two-thirds 7 (46.7%)

Total division 5(33.3%)

Anterior three-fourths 2 (13.3%)

Anterior four-fifths 1(6.7%)

2 Number (%).
b Focal cortical dysplasia, polymicrogyria, and Sturge-Weber syndrome are included
in hemispheric congenital abnormality.

2.2. Procedure

We retrospectively investigated all the patients. When the patients
were admitted to our hospital for CC and postoperative follow-up,
they underwent pre- and postoperative assessments including a de-
velopmental quotient (DQ) test, the CBCL, and interictal electroen-
cephalography. DQ was measured using either the Kinder Infant
Developmental Scale or the Enjoji Scale of Infant Analytical Develop-
ment. DQ, CBCL, and interictal EEGs from the patient's last admission
were used as the postoperative assessment for comparison with the
preoperative one,

2.3. Grouping of patients

To determine how postoperative changes relate to CBCL and DQ,
we divided the patients into those with a good outcome and those
with a bad outcome on the bases of seizure outcome and EEG
changes. First, patients were classified into two groups according
to seizure outcome: those with favorable outcomes and those with
unfavorable outcomes. In this study, a favorable outcome was defined
as total cessation or =90% reduction in target seizures, whereas an
unfavorable outcome was defined as <90% reduction or recurrence.
Second, patients were classified into two other groups on the basis
of postoperative improvement in EEG abnormalities. Preoperative
EEGs showed bisynchronous and diffusely propagated epileptiform
discharges in all patients. In this study, postoperative EEGs were
considered improved when epileptiform discharges with bilateral
generalization ceased or lateralized after surgery. The patients with
improved EEGs were named the improved group (group I) and the
patients whose EEGs did not improve were called the unimproved
group (group U). We statistically analyzed the difference between
the pre- and postoperative CBCLs in patients in groups [ and U.

2.4. Child Behavior Checklist

The CBCL is available in two forms: a 100-item questionnaire
for parents of children aged 2 or 3 years (CBCL/2-3) and a 118-item
questionnaire for parents of children aged between 4 and 18 years
(CBCL/4-18); the psychometric properties of the CBCL have been
studied extensively [8,9]. Several CBCL items may reflect seizure

semiology rather than habitual behavior. Parents were instructed
not to report those symptoms that occurred only with seizures; they
completed the CBCL during each admission.

The CBCL, which yields profiles of children’s problems as observed
by parents and other caregivers, was used to assess the behavioral
and emotional problems of the patients. We used a Japanese version
of the CBCL provided by previous studies [10~12]. The CBCL yields
a total score, eight syndrome scale scores, and two broadband
syndrome scales designated as Internalizing (withdrawn, somatic
complaints, and anxious/depressed) and Externalizing (aggressive and
delinquent behavior scales). Social Problems, Thought Problems, and
Attention Problems are additional syndrome scales. Two of the eight
syndrome scales differ between the CBCL/2-3 and the CBCL/4-18. As
the CBCL/2-3 was used in two patients before surgery, their results
were excluded from the analysis of the difference between pre- and
postoperative syndrome scales.

The scores on the items that constitute each of the eight syndrome
scales and two broadband scales and the total score were summa-
rized (summed raw scores) and transformed into standardized scores
(t scores) according to the norms provided in the test manual [8-12].
t scores were used as a dependent variable in statistical analysis.
Furthermore, it was necessary to choose cutoff CBCL t scores to define
patients as being moderately or severely disturbed. In accordance
with Achenbach's suggestion [8,9], we regarded patients with syn-
drome scale scores of 67-70 and Internalizing and Externalizing scale
scores and total scores of 60-63 as moderately disturbed, and those
with syndrome scale scores =70 and Internalizing and Externalizing
scale scores and total scores > 63 as severely disturbed.

2.5. Statistical analyses

The t test was used to compare the means of postoperative DQs
with those of preoperative DQs. Wilcoxon's signed-rank test was
used to compare the medians of the t scores on the eight syndrome,
Internalizing, and Externalizing scales as well as the total score before
and after surgery. Statistical analysis was performed with SPSS soft-
ware (SPSS Version 18.0, IBM). Differences were considered statisti-
cally significant when the P value was <0.05. DQs were expressed as
means £ SD.

3. Results
3.1. Characteristics of patients

Ten boys and five girls were recruited for the study. The median
age at epilepsy onset was 1.8 years (range: 0.3-8.5). Nine (60%)
patients were diagnosed with frontal lobe epilepsy, 3 (20%) with
hemispheric congenital abnormality, and 3 (20%) with West or
Lennox-Gastaut syndrome. The descriptive characteristics of the
patients are summarized in Table 1. The median age at surgery was
6.5 years (range: 3.1-17.9), and the median duration of epilepsy
prior to surgery was 4.5 years (range: 1.9-15.2). The corpus callosum
was partially divided in 10 (67%) and completely divided in 5 (33%)
cases. The mean postoperative follow-up period was 0.8 0.7 year
(range: 0.1-2).

3.2. Seizure outcome

Target seizure outcomes are provided in Tables 2 and 3. Eleven pa-
tients (73%) showed total cessation or >90% reduction after surgery.
With respect to other types of seizures without drop attacks or head
nodding, 8 (53%) patients had tonic seizures and 4 (27%) had CPS.
Postoperative cessation or >90% reduction was observed in 3 (38%)
of the patients with tonic seizures and 3 (75%) of the patients with
CPS, respectively (Table 2). Although the number of the antiepileptic
drugs (AEDs) administered postoperatively was apparently small in
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Table 2
Association of development (DQ) and intelligence (1Q) quotients with seizure outcome and postoperative findings.
n (%) DQ (n)
1Q (n)
Pre Post
Target seizure outcome (n=15) Total cessation/
=90% reduction 11 (73.3%) 354+194 (8) 3334174 (8) NS
378+21.1(4) 39.04£222 (4) NS
<90% reduction/
stable/ recurrence 4 (26.7%) 340426 (3) 29.7 442 (3)
NA NA
Other seizure outcome
Tonic seizures (n=:8) Total cessation/
=90% reduction 3 NA NA
£90% reduction/
stable 5 NA NA
Complex partial seizures (n=4) Total cessation/
290% reduction 3 NA NA
<90% reduction/
stable 1 NA NA
Postoperative EEG (n=15) Normalization or lateralization 8 (53.3%) 342£17.0(6) 3554212 (6) NS
of discharge (group I) 4534179 (3) 47.34+18.0 (3)
No change in epileptic 7 (46.7%) 36.14+174(5) 30.6+16.6 (5) NS
discharge (group U) 47.0+38.7 (3) 49.7+£37.1 (3)

6 of 15 patients (Table 3), substantial reduction was obtained in only
3 (patients 2, 3, and 5).

3.3. Postoperative EEG changes

In 8 (53%) patients, epileptiform discharges either ceased or latera-
lized (group 1), whereas in 7 (47%) patients, there were no changes on
the postoperative interictal EEG (group U) (Tables 2 and 3). In 2 pa-
tients in group I, bisynchronous and diffusely propagated epileptiform
discharges ceased after surgery. Target seizure outcome was favorable
in all patients (100%) in group I and in 3 patients (43%) in group U.

3.4. Developmental quotient

Pre- and postoperative DQs of the patients in the favorable out-
come group/group l/group U were 3544 19.4/34.2+17.0/36.1 +
17.4 and 33.3417.4/35.5+£21.2/30.6 = 16.6, respectively. In the pre-
sent study, comparison between pre- and postoperative DQs of
each group showed no statistical differences (Table 2). A favorable
outcome with respect to target seizures did not improve DQ during
the observation period or postoperative EEGs.

3.5. Outcome of behavioral and emotional problems as assessed with the
Child Behavior Checklist

The postoperative Externalizing, Delinquent Behavior, and Thought
Problems t scores for patients with a favorable outcome differed signif-
icantly from those before surgery (Figs. 1 and 2B). Comparison of
the pre- and postoperative Attention Problems scores showed no statis-
tical differences (Fig. 2B). Pre- and postoperative Internalizing, Exter-
nalizing, and total ¢ scores in groups I and U are illustrated in Fig. 3,
and t scores for the eight syndrome scales, in Fig. 4. Total (P=0.028),
Attention Problems (P=0.028), and Delinquent Behavior (P=0.042)
scores for the patients in group [ showed a statistically significant de-
crease after CC, and Externalizing (P=0.041) and Delinquent Behavior
(P=10.043) scores for patients in group U significantly decreased. The
postoperative decrease in the Delinquent Behavior score for patients
in group ! and in the Externalizing and Delinquent Behavior scores for
patients in group U were found to be clinically unimportant and have
no significant impact, as these patients were considered undisturbed
before surgery. We identified the postoperative decrease in the total
and Attention Problems scores for patients in group [ as the most clini-
cally important findings.

Table 3
Pre- and postoperative characteristics of all the patients.
Patient Seizure type DQ (1Q) Age at surgery Extent of Frequency of targeted seizures Number of
(years) callosotomy medications
Pre Post Pre Post Pre Post

1 DA 32 22 53 Anterior 3/4 Daily None 4 4
2 DA, tonic (65) (65) 6.5 Anterior 2/3 Daily 90% reduction 3 2
3 DA, tonic 62 51 5.8 Total Daily None 4 3
4 HN, tonic 35 25 6.1 Anterior 2/3 Weekly None, recurrence 3 2
5 DA, CPS 29 37 7.0 Total Daily None 4 2
6 HN, CPS 36 (36) 31 (47) 7.1 Anterior 2/3 Daily 50--90% reduction 4 4
7 HN, CPS 63 55 6.3 Anterior 2/3 Daily None 3 3
8 HN, tonic 15 9 74 Anterior 4/5 Daily 90% reduction 5 5
9 HN, tonic 22 32 3.1 Total Daily None 3 3
10 HN, tonic 31 33 4.4 Total Daily 50-90% reduction 3 3
11 DA (90) (88) 12.6 Anterior 3/4 Daily <50% reduction 3 3
12 DA, CPS 15 13 5.8 Total Daily None 4 3
13 DA, tonic (41) (48) 13.7 Anterior 2/3 Daily None 3 3
14 DA 45 (30) 47 (29) 9.1 Anterior 2/3 Daily None 2 2
15 HN, tonic (15) (14) 17.9 Anterior 2/3 Daily None 5 4

Note. Patients 1-3, 5, 9, and 12-14 are in the group of patients whose EEGs improved after surgery. DA, drop attack; HN, head nodding; CPS, complex partial seizures.
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Fig. 1. Line graphs illustrating the comparison between pre- and postoperative Internalizing, Externalizing, and total t scores for the patients with a favorable outcome (n=11,
upper row) and those with an unfavorable outcome (n= 4, lower row). The two dashed lines in each graph represent cutoff points classifying patients as undisturbed (lower),
moderately disturbed (middle), and severely disturbed (upper). There was a statistically significant (P=0.025) decrease in Externalizing scores for the patients with a favorable

outcome. ns, not significant.

4. Discussion

In this study, we assessed, with the CBCL, behavioral and emotional
problems in children who were candidates for CC and evaluated wheth-
er favorable target seizure outcome or improvement in postoperative
interictal EEG were associated with changes in specific behavioral and
emotional problems. A comparison between the pre- and postoperative
Attention Problems scale t scores for patients with a favorable outcome
showed no statistical differences (Fig. 2B). On the other hand, improve-
ment in the postoperative EEG was significantly associated with de-
creases in Attention Problems and total ¢ scores (Figs. 3 and 4B).
Therefore, we consider that this finding will play an important role in
improving attention deficit and behavioral problems.

Behavioral or cognitive dysfunction is frequently observed in
patients with intractable epilepsy. Several studies have described
attention problems as frequent behavioral problems in these patients.
Dunn et al. [13] reported that 37% of children with epilepsy had scores
above the clinical cutoff for the CBCL Attention Problems scale. Davies
et al. [14] found that 12% of children with uncomplicated epilepsy had
attention-deficit/hyperactivity disorders according to the Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition. The presence
of marked cognitive or behavioral symptoms is an important factor in
the institutionalization of individuals with epilepsy. Such symptoms
need to be assessed carefully with validated neuropsychological tests.
Achenbach's CBCL is the instrument most frequently used to assess
behavioral adjustment in children with epilepsy [ 10]. Although several
items included in the CBCL may reflect seizure semiology rather than
habitual behavior, Gleissner et al. concluded that the CBCL is a valid
assessment tool in children with epilepsy [15]. We used a Japanese
version of the CBCL in this study.

Assessment of the conventional seizure and neuropsychological
outcomes is usually problematic because CC is a palliative surgical
procedure and candidates for CC have not only severe drug-
resistant seizures, but also significant functional and psychological
impairments. Although extensive investigations of the behavioral
and neuropsychological efficacy of CC have been undertaken,
two studies have specifically investigated the quality of life of the can-
didates. Yang et al. [16] surveyed the families of 25 children who
underwent CC and found that 19 (76%) were satisfied with the surgi-
cal result and 18 (72%) were satisfied with their family's quality of
life. With respect to specific behavioral changes, 11 (44%) improved
in hyperactivity, attention span, and social skills [16]. Gillam et al.
[17] conducted a similar study with parents of 17 children who
underwent CC. Improved alertness and responsiveness were noted,
and 15 families (88%) reported satisfaction and recommended the
surgery [17]. In 11 patients (73%) in the present study, CC resulted
in favorable outcomes with respect to drop attacks and head nodding,
similar to the results of previous studies (Table 3) [18,19]. In addition,
patients with improved postoperative EEGs showed significant im-
provement in their attention deficits.

Furthermore, fotal cessation or lateralization of preoperative EEG
abnormalities such as bilateral generalization was achieved after sur-
gery in 8 (53%) of the patients. The corpus callosum has been thought
to be a major pathway for the spread of epileptiform discharges
from one hemisphere to the other for bilateral generalization [7].
Several qualitative studies have partly supported the view that CC sig-
nificantly reduces bilaterally synchronous generalized epileptiform
discharges [20,21]. In addition, CC reduces preoperative epileptiform
discharges in both hemispheres, suggesting a facilitatory role played
by callosal neurons, which enables the asymmetric epileptogenic



A [-score

T. Yonekawa et al. / Epilepsy & Behavior 22 (2011) 697-704

90 90 90 90
ns ns ns ns
80 80 80
70 7/ T R 70
50 50 : v 50
pre post pre post pre post pre post
7-score
90 S0 90 90
80
70
60
50 — 50 : 50 50 ‘
pre post pre post pre post pre post
Withdrawn Somatic complaints Anxious/Depressed Social problems
B tscore
S0 90 90 90
p=0.021
80 80 20
70 70 70
60 60 60
50 50 50
pre post pre post pre post
t-score
0
80 9 30 80
&0
70 = 70 70
I N L
60 60 60
N 60 —
50 50 50 50
pre post pre post pre post pre post

Thought problems

Attention problems

Delinquent behavior

Aggressive behavior

701

Fig. 2. Line graphs illustrating the comparison between pre- and postoperative ¢ scores on CBCL/4-18 syndrome scales for the patients with a favorable outcome (n=10, upper
row) and those with an unfavorable outcome (n=3, lower row). The two dashed lines in each graph represent cutoff points classifying the patients as undisturbed (lower),
moderately disturbed (middle), and severely disturbed (upper). There were statistically significant (P==0.028 and 0.021, respectively) decreases in the Thought Problems
and Delinquent Behavior scale scores for patients with a favorable outcome. As two patients had been assessed with the CBCL/2-3 before surgery, their results were excluded
from analysis of the difference between pre- and postoperative syndrome scale scores. ns, not significant.
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U (P==0.041), although the postoperative decrease in the Externalizing score in group U is not considered clinically important because these patients were nearly undisturbed

before surgery. ns, not significant.

susceptible state of both hemispheres to develop bisynchronous and
bisymmetric discharges [22]. Although even total CC need not result
in complete abolition of bilaterally synchronous interictal epilepti-
form discharges, seizures have been completely suppressed with nor-
malization of the EEG in some cases [23,24]. In two of our patients,
bisynchronous and diffusely propagated epileptiform discharges actu-
ally ceased after surgery.

Several authors have reported impairment of attention, motor
dexterity, and perceptual processing in association with the occur-
rence of spike-wave complexes [25,26]. In the present study, we
found Attention Problems scores in group I, that is, patients in
whom epileptiform discharges ceased or lateralized, to decrease
significantly after surgery. Therefore, we clarified that attention
deficits significantly ameliorated after CC, which might be associated
with cessation or lateralization of the bisynchronous and diffuse
epileptiform discharges.

An advantage of the present study was the use of a standardized
assessment procedure. There were, however, several limitations.
The first was our small and heterogeneous sample, and the second
was the considerable variation in observation periods after surgery.
In this study, we recruited children who had been ambulatory at sur-
gery, as attention deficits and behavioral problems are more likely
to be significant for ambulatory patients and their families than for
nonambulatory patients. Furthermore, the single-center experience
and retrospective study design did not necessarily allow us to include
DQ, CBCL, and interictal EEG in the samples at the same points after
surgery.

Finally, continuous use of AEDs is an important factor in cognitive
function. If children who are seizure free can reduce or discontinue

their medication, the effects of CC on aspects of cognitive function
may emerge. As CC is a palliative surgical option and candidates
may continue to experience seizures to some degree after surgery,
they must continue to take AEDs as usual.

The main goal of CCis to palliate the severity of seizures rather than
eradicate them. Clinical studies thus far have indicated that general-
ized seizures with falls are the seizures particularly likely to respond
to this procedure. In addition to reduction in seizure frequency and
severity, recent studies have indicated improvements in behavior
and parental satisfaction, which support the findings of the present
study. Therefore, we believe that CC can not only reduce target seizures,
but also improve attention impairment.

5. Conclusion

The present study indicates that CC significantly improved preoper-
ative epileptiform discharges, implicated in the improvement of atten-
tion impairments. CC is a palliative procedure for cases of intractable
epilepsy not amenable to focal resective surgery, and it can improve
attention deficit and behavioral problems in association with improve-
ment in diffusely propagated interictal epileptiform discharges.
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Abstract We report a 1-year 6-month-old girl with ganglio-
glioma in the right medial temporal lobe who showed
epileptic spasms in clusters. Spasms occasionally followed a
dazed and fearful gaze. Interictal electroencephalography
(EEG) showed diffuse bursts of slightly irregular high-
voltage spikes and slow waves without hypsarrhythmia. The
findings on ictal EEG, single-photon emission computed
tomography, and F-18 fluorodeoxyglucose positron emission
tomography indicated focus on the right medial temporal lobe.
Ictal fast rhythmic activity analysis of scalp EEG by multiple
band frequency analysis showed gamma rhythms at 65-80 Hz
with a high spectral power around the tumor area. Epileptic
spasms completely disappeared after tumor resection. These
findings suggest that the cerebral cortex may be a source of
epileptic spasms and indicate the possibility of usefulness of
fast activity analysis in this condition.
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Introduction

Numerous patients suffer from epileptic spasms in clusters
apart from West syndrome patients. Although the patho-
genesis of epileptic spasms is not widely understood, the
cerebral cortex is assumed to play an important role [1];
however, conventional electroencephalography (EEG) has
been ineffective for tracking the propagation of seizure
discharges in epileptic spasms. Recent progress in digital
EEG recording techniques, including multiple band fre-
quency analysis (MBFA), developed to characterize the
precise frequency spectral density for visually evoked
potentials, has overcome this limitation. These techniques
have detected very fast rhythmic activities in focal cortical
areas during epileptic spasms in West syndrome and related
disorders, and have implicated that the cerebral cortex plays
a major role in developing epileptic spasms [2-4]. Here, we
report a patient with ganglioglioma in the right medial
temporal lobe who showed epileptic spasms in clusters
without hypsarrhythmia on EEG. These spasms completely
disappeared after tumor resection. We performed EEG,
single-photon emission computed tomography (SPECT),
F-18 fluorodeoxyglucose positron emission tomography
(FDG-PET), magnetoencephalography (MEG), and ana-
lyzed the ictal fast activities on scalp EEG by MBFA.
Results suggested that the cerebral cortex might be a source
of epileptic spasms, and this finding indicated the possibil-
ity of usefulness of analyzing fast activities in this
condition.

Case report

A girl was uneventfully born to healthy Japanese parents,
and psychomotor development was normal until the onset

@ Springer
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of illness. At 1 year 3 months of age, she developed
epileptic spasms in clusters consisting of a brief symmet-
rical contraction of axial muscles associated with intense
head nodding and often falling down, which were occa-
sionally preceded by a dazed and fearful gaze. Since the
onset of spasms, she became autistic and lost social smile.
Interictal EEG recordings showed diffuse slightly irregular
high-voltage spikes and slow waves occasionally. Treat-
ment with vitamin B6 and zonisamide resulted in only
partial reduction of seizures. Computed tomography and
magnetic resonance imaging (MRI) of the brain revealed a
calcified mass lesion and cyst in the right medial temporal
lobe involving the hippocampus, amygdala, parahippocam-
pal gyrus, and fusiform gyrus (Fig. 1).

She was referred to our hospital at 1 year 6 months of
age. On admission, her developmental quotient was 61.
Ictal ethyl cysteine dimer (ECD)-SPECT revealed hypo-
perfusion in the right mesial temporal lobe area. Interictal
FDG-PET revealed hypometabolism in the same area. On
MEG recordings, the spike sources were located over the
bilateral angular gyrus, spreading to the surrounding
temporal and parietal areas. On ictal EEG recordings, a
diffuse high-voltage slow wave complex with superim-
posed fast rhythms was observed with frontal area
predominance (Fig. 2a). She underwent tumor resection at
1 year 9 months of age. Since then, her seizures have not
recurred, and neuropsychological development has re-
sumed. Her histopathological finding was consistent with
that of ganglioglioma.

Multiple band frequency analysis

Ictal scalp EEG recordings were obtained with a digital
sampling frequency of 500 Hz using Nihon Kohden

Fig. 1 Brain MRI showing a
slightly hyperintense lesion with
a cyst in the right medial tem-
poral lobe involving the hippo-
campus, amygdala,
parahippocampal gyrus, and fu-
siform gyrus on T2-weighted
(leff) and FLAIR (right) images

@ Springer

Neurofax (EEG-2000). The international ten to 20 electrode
system was used. We identified fast rhythmic activities on
EEG from 40 s before a spasm when she looked dazed and
fearful. Fast activities were localized to the right middle
temporal (T4) and frontal areas (Fp2, F8) (Fig. 2a, b). We
were not able to correctly analyze the fast activities
because of electromyogram artifacts after the spasm. We
performed MBFA using Short-Spectrum Eye software
(Gram, Saitama, Japan) to analyze the frequency and
distribution of fast activities. MBFA deconstructed EEG
waveforms into a sequence of frequency bands. We
analyzed the power spectrograms of frequency bands
between 1 and 150 Hz with a frequency resolution of
2 Hz and a temporal resolution of 20 ms. By MBFA, we
measured the amplitude of each frequency to calculate
the power in micro square Volts. It showed gamma
rhythms at 65-80 Hz with a high spectral power
predominantly over the right middle temporal (T4) and
frontal areas (Fp2, F8) (Fig. 2c¢).

Discussion

Although epileptic spasms are typically associated with
West syndrome, some cases fail to satisfy the criteria for
West syndrome. Among them is a subgroup of patients with
localization-related epilepsies with spasms in clusters in
which cortical mechanisms play a critical role in their
pathophysiology [1].

In our case, dazed and fearful gazes preceding spasms,
ictal EEG with focal onset, spasm-related fast activity
superimposed on slow waves, and lack of hypsarrhythmia
were compatible with the findings of periodic spasms in
patients, which were first described by Gobbi et al. in 1987
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Fig. 2 a Ictal EEG recording.
At first, fast activities are local-
ized to the right middle temporal
(T4) and frontal areas (Fp2, F8)
(upward arrowheads). When a
spasm occurs, a diffuse high-
voltage slow wave complex
with superimposed fast rhythms
is seen with frontal area pre-
dominance (arrow). b An ex-
panded EEG. Horizontal bar

(1 s) a was expanded in b. Fast
rhythmic waves are seen espe-
cially on T4 (upward arrow-
heads). ¢ A representative
power spectrogram. Frequency
analysis was performed in the
window of dotted line (200 ms)
in b by MBFA. Gamma rhythms
at 65-80 Hz with a high spectral
power are predominantly seen
over the right middle temporal
(T4) and frontal areas (Fp2, F8).
Each square corresponds to each
EEG electrode. Vertical axis
indicates frequency; horizontal
axis indicates time course and
colors indicate power (uv3)
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Fig. 2 (continued)

[5]. They showed that periodic spasms consist of a series of
epileptic spasms following a focal seizure. Interictal EEG
recordings mainly show multifocal spikes or spikes and
waves without hypsarrhythmia, and ictal EEG recordings
show a diffuse high-voltage slow wave with a super-
imposed fast rthythm or brief polyspike burst. They
suggested that periodic spasms were partial seizures with
a particular type of secondary generalization and were
associated with abnormal interactions between the cerebral
cortex and subcortical structures.

Periodic spasms with a brain tumor have not been
reported. Because the concept of periodic spasms is not
widely accepted, some cases may be categorized as
epileptic spasms. Very fast activity associated with
clinical spasms has recently raised significant concern.
The progress in digital EEG recording techniques has
facilitated detailed analysis of this activity. Gamma
activity was indicated to be related with the behavior of
inhibitory interneurons, especially gamma-aminobutyric
acid-ergic interneurons, in hippocampal or neocortical
networks or with electrical coupling between principal
neurons via axonal gap junctions based on animal
experiments and/or computer simulations. Kobayashi et
al. discovered the gamma rhythm with a frequency
ranging from 51 to 98 Hz during episodes of spasms in
West syndrome and related disorders by digital scalp
EEG. They speculated that the ictal gamma rhythm
might reflect neocortical dysfunction and that the cortex
played a major role in generating epileptic spasms [3].
Akiyama et al. also showed that high frequency oscilla-
tions (HFOs) defined as electroencephalographic activities
above 100 Hz occurred over the localized cerebral cortex
during epileptic spasms recorded by intracranial EEG, and
these focal cortical HFOs clinically triggered spasms [4].
Furthermore, they reported that low-amplitude HFOs at
80—-120 Hz started 4-15 min before clinical spasms were
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apparent on the video, and location of the HFOs was
consistent with that of the ictal phase.

In our case, fast activities were localized to the right
middle temporal and frontal areas from 40 s before the
spasm. Although the focus of the seizure was not clear by
usual EEG or MEG, fast activity analysis may define the
focus. The pathomechanisms of epileptic spasms has been
studied by various methods. In the present report, we
provided evidence for the close relationship between the
cerebral cortex and epileptic spasms. First, seizures dis-
appeared completely after tumor resection, which suggests
that a tumor was important for the onset of spasms.
Previous reports have described that tumors in the temporal
lobe or other sites cause epileptic spasms, including West
syndrome [6-8]. Second, according to the findings of ECD-
SPECT, FDG-PET, and ictal fast activities by MBFA, the
focus of spasms is located in the tumor area, and the spasms
generate from the cerebral cortex.

Another issue is the propagation of seizure activities
during spasms. Based on MRI and PET findings, Juhasz C
et al. hypothesized that in West syndrome, cortical epileptic
discharges triggered the brainstem raphe nuclei, and the
prominent serotonergic raphe-striatal and descending spinal
pathways might be responsible for secondary generalization
resulting in relatively symmetric spasms [9]. Asano et al.
recorded dynamic ECoG changes associated with epileptic
spasms and hypothesized that spasm-associated fast-wave
bursts might be derived from a corticosubcorticocortical
pathway rather than corticocortical pathway because fast-
wave bursts are rapidly and extensively involved in the
noncontiguous neocortex simultaneously [10].

In conclusion, considering our case, we hypothesized
that the focal fast activities spread to the corticocortical
pathway and induced spasms via the corticosubcorticocort-
ical pathway. Further study is needed to elucidate the
mechanism of propagation of fast activities during spasms.
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