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Sequential Prefrontal Lobe Volume Changes
In Epileptic Patients with Continuous
Spikes and Waves During Slow Sleep
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1. Introduction

Epilepsy with continuous spikes and waves during slow sleep (CSWS), which is one of the
prototypes of electrical status epilepticus during slow wave sleep (ESES), is a rare disease
that affects children and is associated with deterioration of one or more cognitive functions,
behavioral disturbances, spike and spike-wave discharges increased during slow wave
sleep, and epileptic seizures. The pattern of deficits characteristic of ESES occurs mainly in
the first decade of life. Almost all CSWS patients present with seizures (Smith & Poley,
2008). Seizures are typically nocturnal, partial motor or generalized convulsions (Tassinari et
al., 2005).

Although the most prominent feature of epilepsy is seizure, the condition may also involve
mental health problems, including hyperactivity, inattention, learning disabilities, other
disease-related quality of life impairments, and psychopathology (Noeker et al., 2005).
Nearly all investigators have reported a high prevalence of behavioral problems in children
with epilepsy. Electroencephalographic monitoring can detect subclinical spike frequency,
which may affect attention and other aspects of cognitive functioning in various ways, even
in the absence of clinical seizures. Although any attempt to equate epileptiform activity with
epilepsy is generally discouraged, the occurrence of a paroxysmal change in cerebral
electrical activity simultaneously accompanied by cognitive impairment meets generally
accepted definitions of an epileptic seizure. Neuropsychological impairment occurs in
almost all cases of CSWS, usually being coincidental with the detection of ESES and
representing one of the crucial signs of the syndrome (Tassinari et al., 2005). CSWS is
characterized by an impairment of neuropsychological abilities, frequently associated with
behavioral disorders (reduced attention span, hyperkinesis, aggressiveness and difficulty
interacting with the environment), hyperactivity, learning disabilities and, in some
instances, psychotic regressions. These manifestations strongly correlate with frontal lobe
dysfunction (Jasper et al., 1995; Fuster, 1997). These mental and behavioral disorders can
persist even after CSWS has ceased. Their severity and persistence seem to be correlated
with the duration and severity of ESES (Billard et al., 1990; De Negri, 1994). The goal of
evaluation and treatment of CSWS must not necessarily be a seizure-free state, but
improvements in seizure control, alertness, mood and behavior. We have already studied
and reported prefrontal lobe volumes in a patient with CSWS using three-dimensional (3D)
magnetic resonance imaging (MRI) (Kanemura et al., 2009). However, the data cannot be
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14 Epilepsy in Children - Clinical and Social Aspects

generalized to all CSWS cases because the investigation included evaluation of only one
case. Many unanswered questions remain with regard to CSWS, such as its clinical
significance, pathophysiology and treatment. Further studies are needed to confirm and
elaborate on these anatomical observations and extend the systematic study of cognitive,
social and moral development, and to clarify outcomes for many children with CSWS.

In the present study, there were three cases with disappearance of the paroxysmal
anomalies, yet in these cases there was no improvement of the neuropsychological
impairments. By contrast, in the two cases with shorter seizure and paroxysmal anomaly
durations, there was remarkable improvement of behavioral disturbances. In several
diseases of the central nervous system, conventional MRI has proven to be sensitive for
detecting changes over time. Stronger correlations have been found between disability and
MR markers such as the quantitative assessment of cerebral atrophy in various brain
diseases. On the basis of these previous observations, we serially measured frontal and
prefrontal lobes volumes by 3D MRI-based volumetry in children with CSWS and discussed
the pathogenesis of ESES-induced brain damage. Finally, we also discussed the role of some
prognostic factors such as the duration of CSWS period.

2. Methods

2.1 Subjects

We studied five patients between 9 and 12 years of age. The criterion for inclusion in the
study was the finding of the presence of spike-and-wave discharges in at least 85% of non-
rapid eye movement (REM) sleep, which were verified by two consecutive
electroencephalography (EEG) recordings over a period of more than 1 month. All patients
underwent EEG recordings while awake and during afternoon sleep. The clinical profiles
are summarized in Table 1.

Age at CSWS Duration of
Age seizure after . FIQ FIQ Behavioral Seizure .
Case ) onset seizure onset CSWS period (pre)  (post) problems outcome Final drugs
) ) (months)
1 10 4 2.2 14 85 67 HA, PSP none VPA+CLB
2 11 5 1.8 19 88 62 PELI;, I;)A’ 1-3x/month  VPA+ESM
3 12 5 29 21 73 52 PSPI’PHA’ none VPA+CLB
4 9 3 21 5 ND 86 HA(+)—(-) none VPA+CLB
5 11 5 1.5 5 89 87 HA(+)—(-) none VPA+CLB

CSWS, epilepsy with continuous spikes and waves during slow sleep; FIQ full intelligence quantity;
ND, not done, HA, hyperactivity; PSP, poor school performance; IA, inattention; IP, impulsivity; IQ
(pre), IQ at the appearance of CSWS; IQ (post), IQ at 4 years after the appearance of CSWS; VPA,
valporate sodium; CLB, clobazam; ESM, ethosuximide

Table 1. Clinical characteristics of the patients in this study
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All patients were followed up regularly for more than 3 years after the onset of seizures.
During the active ESES phase, sleep EEG recordings were performed at least once every 3
months. Subsequently, EEGs were recorded during afternoon sleep once every 2-3 months
for more than 1 year after the disappearance of ESES. For each patient we examined familial
antecedents for epilepsy/febrile convulsion, personal antecedents, psychomotor
development, neurologic examination and cerebral MRI. All patients had normal findings
on routine MR studies. All patients have shown behavioral disturbances or cognitive
impairments. Two patients, with a CSWS duration of less than 6 months, showed
remarkable improvements of behavioral disturbances. By contrast, three patients with a
CSWS duration of greater than 1 year presented progressive cognitive and behavioral
deteriorations, even after seizures and paroxysmal EEG activities disappeared. Formal IQ
testing was carried out in all cases. Informed consent was obtained from the parents.
Clinical courses of all patients are outlined briefly below.

21.1Casel

The first patient was a male who presented with complex partial seizures at 4 years of age. The
patient was born normally, and his psychomotor development was normal before the onset of
seizures. The patient’s history of illness and the family history were noncontributory. EEG
revealed sharp waves at bilateral centro-temporal regions superimposed on normal
background activity. Carbamazepine (CBZ) was started initially. At 6 years of age, he started
exhibiting atypical absence seizures. On the EEG, the ESES pattern was revealed (Fig. 1). He
became irritable, hyperactive, aggressive and disinhibited, displaying difficulty interacting
with his environment. Treatment was changed to using valproate sodium (VPA). However, no
improvement of his clinical state was recognized. Clobazam (CLB) was started in addition to
VPA, which led to improvement. Eleven months after replacement of antiepileptic drugs
(AEDs), the ESES pattern resolved with no further seizures. However, he presented a
progressive cognitive and behavioral deterioration up to the present, and IQ dropped from 85
to 67 of total score. The duration of the CSWS period was 14 months.
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Fig. 1. Electroencephalography (EEG) tracing taken during sleep in case 1. Such patterns
occupied 85 % to 90% of the hours normally given to slow-wave
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2.1.2Case 2

This patient was an 11-year-old male, the second child of healthy parents. He had normal
initial psychomotor development. At age 5 years, he started with sporadic, generalized
tonic-clonic seizures, which were controlled by VPA. A sleep EEG recording showed focal
spike and wave discharges over the right central and temporal leads (C4-T4). At age 7 years,
he started with atypical absence seizures. On the EEG, the ESES pattern was revealed. He
became hyperactive, aggressive and disinhibited, and exhibited difficulty interacting with
his environment. Treatment was changed to using CLB. However, the improvement of his
clinical state was not fully recognized. Ethosuximide (ESM) was started in addition to VPA,
which led to improvement. The ESES pattern resolved with a reduction in the rate of
seizures. However, he presented a progressive cognitive and behavioral deterioration,
including poor school performance, hyperactivity, and impulsiveness. The duration of the
CSWS period was 19 months.

2.1.3 Case 3

This patient was a 12-year-old male. Delayed psychomotor development was recognized
before the onset of seizures, but behavioral deterioration, including hyperactivity, was not
recognized. At the age of 5 years, he had his first episode of clonic seizures of his right
upper-limb. His clinical seizures were controlled by CBZ transiently. At the age of 7 years,
he started with atypical absence seizures. On the EEG, the ESES pattern was revealed. He
became irritable, hyperactive and aggressive, showing difficulty interacting with the
environment. Treatment was changed to using VPA, but improvements to his clinical state
were not recognized. Treatment was changed to using VPA with CLB, which led to
improvement. The ESES pattern resolved with no further seizures. However, he exhibited a
cognitive and behavioral deterioration, including poor school performance, hyperactivity,
and impulsiveness. The duration of the CSWS period was 21 months.

2.1.4Case 4

This patient was a 9-year-old male. He had normal initial psychomotor development before
the onset of seizures. At the age of 3 years, he had his first episode of clonic seizures of left
upper-limb. The EEG showed focal spike and wave discharges in the right frontal and
central leads (F4-C4) superimposed on normal background activity. His clinical seizures
were transiently controlled by CBZ. At the age of 5 years, he started with atypical absence
seizures. On the EEG, the ESES pattern was revealed. He presented behavioral disturbances
such as hyperactivity. Treatment was changed to using VPA, yet the improvements to his
clinical state were not noted. Treatment was changed to using VPA with CLB, which led to
gradual improvement. The ESES pattern resolved with no further seizures. There was
considerable improvement of behavioral disturbances. The duration of the CSWS period
was 5 months.

2.1.5 Case 5

This patient was an 11-year-old female who had normal initial psychomotor development
and was described in our previous report (Kanemura et al., 2009). At the age of 5 years, she
had her first episode of complex partial seizure. EEG revealed sharp waves at bilateral
centro-temporal regions superimposed on normal background activity. Her clinical seizures
were transiently controlled by CBZ. At 6 years of age, she started with atypical absence
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seizures. On the EEG, the ESES pattern was revealed. She presented behavioral disturbances
such as hyperactivity. Treatment was changed to using VPA. However, improvements to
her clinical state were not recognized. Treatment was changed to include VPA and CLB,
which led to gradual improvement. The ESES pattern resolved with no further seizures.
There was considerable improvement of behavioral disturbances. The duration of the CSWS
period was 5 months.

2.2 Serial 3D-MR volumetric study

The longitudinal 3D MRI studies were performed six times (at the onset of the ESES pattern,
6 months, 1, 2, 3 and 4 years after the onset of ESES) in all cases.

The control group consisted of 13 age-matched children ranging in age from 5 to 12 years.
Clinical indications for MR imaging were suspected speech delay, brain trauma, brain
tumor, short stature and migraine, which turned out to be neurologically and / or
psychologically insignificant during a 2-4 year follow-up period after this study. All subjects
had normal findings on routine MR studies.

All MRI scans were performed on the Siemens 1.5 Tesla by Signa Advantage. The 3D MRI
data were acquired by the fast spoiled gradient recalled echo in steady state with three
dimensional Fourier transformation. 3D images of the whole brain surface were obtained
from the 124 sections using Advantage Windows RP 3D analyzer (Siemens, Wisconsin, MW,
U.S.A.). Thereafter, the frontal lobe was delineated and confirmed by our published method
(Kanemura et al., 2003). Finally, we measured the frontal and prefrontal lobe volumes by the
volume measurement function of Workstation on the 3D images.

3. Results

Measured volumes for frontal and prefrontal lobe, and prefrontal to frontal lobe volume
ratio are shown in Fig. 2 (A; frontal lobe volume, B; prefrontal lobe volume, C; prefrontal to
frontal volume ratio). Frontal and prefrontal lobe volumes revealed growth disturbance in
all cases compared with those of normal subjects (Fig. 2A and 2B). In addition, prefrontal to
frontal lobe volume ratios increased serially in normal subjects, whereas the ratios stagnated
or decreased in all cases of CSWS (Fig. 2C). In cases 4 and 5, with shorter seizure durations
and CSWS periods, ratios were soon restored to a more normal growth ratio. On the other
hand, growth disturbances of the prefrontal lobes were persistent in cases 1, 2 and 3, which
all had longer seizure durations and CSWS periods (Fig. 2C).

4. Discussion

Seizure discharge of generalized nonconvulsive status has been postulated to cause
neuronal damage. Various childhood epileptic syndromes associated with dramatic
activation of the epileptiform activities during slow wave sleep may manifest with
progressive psychomotor decline, which cannot be attributed to known metabolic or organic
causes. CSWS is the main representative syndrome, which is frequently encountered in
pediatric syndromes associated with epilepsy or cognitive and language dysfunction.
Nowadays, it is appreciated that CSWS often accompanies epileptic syndromes associated
with partial or generalized seizures, occurring during sleep, as well as atypical absences
when awake. Thus, the five patients described in this report had clinical features that were
consistent with the criteria proposed for CSWS.
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18 Epilepsy in Children - Clinical and Social Aspects

Many CSWS children develop severe cognitive and language deterioration that is
unresponsive to medical treatment as the disease progresses (Smith & Hoeppner, 2003).
During the CSWS period, there is the appearance of a further decrease in performance; a
marked impairment of IQ, deterioration of language, temporo-spatial disorientation,
behavioral changes and, rarely, psychotic features have been described (Tassinari, 1992).
Patients with CSWS had lower scores in tests measuring their lexical, morphosyntactic, and
pragmatic skills compared to controls (Debiais et al., 2007). Furthermore, language
impairment was found to be just as severe in patients in remission as those still in an active
phase (Debiais et al., 2007). Paroxysmal anomalies in CSWS may be associated with a
disruption of all cognitive functions, with sometimes a greater impairment of logical-
structural intelligence and of infrastructural intelligence, possibly in relation to a previously
different intellectual organization (Tassinari et al., 2005).
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Fig. 2. Volume measurements of five cases with CSWS and normal subjects. Serial changes
in frontal lobe volume (A), prefrontal love volume (B), and prefrontal to frontal lobe volume
ratio (C). Scatter plots for the case 1 (blue squares), case 2 (green squares), case 3 (red
squares), case 4 (gold triangles), case 5 (yellow triangles) and age matched normal subjects
(black diamonds). Frontal and prefrontal lobe volumes revealed growth disturbance in all
cases compared with normal subjects. In addition, prefrontal to frontal lobe volume ratio
increased serially in the normal subjects, whereas its increases are declined in all cases. The
case 4 and 5 with shorter seizure duration and CSWS period were soon restored to a more
normal growth ratio. On the other hand, growth disturbances of the prefrontal lobes in cases
1,2 and 3 with longer seizure durations and CSWS period were persistent.

Concerning the CSWS-related neuropsychological disturbances, several authors have
underlined the parallel, though not perfectly overlapping, course of CSWS and mental and
behavioral abnormalities (De Negri et al., 1995). There is a well-documented increased
incidence of attention deficit hyperactivity disorder (ADHD) and behavioral disorders,
which are likely to be independent of the degree of seizure control (Schubert, 2005).
Hyperactivity has been reported in about half of the cases of behavioral and cognitive
disturbances. Disturbances of personality with psychotic characteristics have been
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described, as well as a global cognitive regression and impairment of affective development,
with aggressiveness and outbursts of rage (Gordon, 1990; Roulet et al., 1991). These
disorders are often progressive and insidious with devastating effects on cognition and
behavior, although the children generally have few or sometimes no classic seizures. The
manifestation of neuropsychological disorders coincided with the onset and disappearance
of ESES EEG expression rather than with the outcome of clinical seizures (Morikawa et al.,
1992). Abnormal collecting behavior, characterized by increased, indiscriminate acquisition
behavior and diminished discarding behavior, will occur following damage to prefrontal
regions, but not after damage elsewhere in the brain (Anderson et al., 2005). In Landau-
Kleffner syndrome (LKS) the paroxysmal activity permanently affects the posterior temporal
area and results in auditory agnosia and language deficits, whereas in CSWS the frontal
lobes are more involved and other cognitive disturbances predominate (Smith & Polkey,
2008). Thus, epilepsies associated with CSWS in childhood may affect the prefrontal cortex
and leave residual mental and behavioral abnormalities as profound and as permanent as
the loss of speech in LKS.

MRI is currently the most effective method for detecting gross structural lesions in patients
with various brain diseases. There is little question that recent advances in neuroimaging,
particularly MRI, have revolutionized the evaluation and management of epilepsy and
seizure disorders. Given the possibility that some functional changes may have a structural
correlate, MRI could also play a pivotal role in elucidating the mechanisms underlying
epileptogenesis. However, neuroradiological abnormalities in patients with CSWS can be
found only in 30-60 percent of cases (Galanopoulou et al., 2000). In pure forms of this
syndrome, no gross structural lesions are detected by CT or MRI scans (Beaumanoir, 1992).
On the other hand, in accordance with histopathologic examinations, the development of
permanent neurological impairment may be associated with progressive brain atrophy
(Trapp et al.,, 1998). Within these analyses, quantitative MRI investigations have been
performed to evaluate neurological abnormalities in children with epilepsy. Hippocampal
volumes are large in patients with prolonged febrile convulsion when compared with
controls by quantitative hippocampal volumetry (Scott et al., 2002). Thus, quantification of
brain volume is a useful way to characterize the normal growth and abnormal development
in patients with epilepsy. Furthermore, prospective and serial analysis with brain volumetry
may support the pathogenesis of CSWS-induced brain damage.

All cases presented in this report revealed growth disturbance of the frontal lobe, especially
the prefrontal lobe in quantitative volumetric analysis. Volumetric analysis of the brain may
predict function in corresponding regions. Our results showed enhanced vulnerability of
prefrontal cortex during early development coincident with CSWS. In our findings, the
frontal and prefrontal lobe volumes, especially the prefrontal to frontal lobe volume ratio,
showed growth disturbance during the CSWS period, and even after paroxysmal anomalies
in CSWS have ceased. Our results suggest that children with CSWS may have frontal lobe
dysfunctions even if paroxysmal anomalies had ceased or further afebrile seizures had not
appeared. The temporal development of the frontal and prefrontal lobe volumes in
longitudinal studies of CSWS patients is still unclear. To the best of our knowledge, no
attempt has been made to measure individual cerebral lobes in patients with CSWS. Our
study therefore may be the first to evaluate growth retardation of the frontal and prefrontal
lobes in patients with CSWS.

Regardless of the prior cognitive status and development, the appearance of CSWS is
associated with emergence of new cognitive and behavioral abnormalities (Tassinari et al.,
2005). A cluster of problems that appear to be more common in children with epilepsy is the
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disruptive behavioral disorder group: ADHD, oppositional defiant disorder, and conduct
disorder. ADHD is described in approximately two thirds of the reported cases (Boel &
Casaer, 1989; Guerrini et al., 1998). Hyperactivity and oppositional behaviors are highly
associated. Aggressiveness, deficits in relatedness and inhibition, bizarre behavior,
emotional lability and psychotic behavior have also been described (Roulet-Perez et al.,
1993; Kyllerman et al., 1996). These manifestations may be correlated with frontal lobe
dysfunction (Jasper et al., 1995; Fuster, 1997). Thus, these symptoms constitute frontal lobe
syndrome (Roulet-Perez et al., 1993). In some of CSWS children, the seemingly generalized
epileptiform abnormality represents true secondary bilateral synchrony (Morrell et al.,
1995). The most common location for a lesion to produce secondary bilateral synchrony is in
the frontocentral region, followed by the temporal and parietal cortex (Blume & Pillay, 1985;
Wasterlain et al., 1993). Secondary bilateral synchrony originated in the frontal lobe in
nearly half of patients, significantly more often than the incidence of frontal spikes among
controls (Blume & Pillay, 1985). Frontal foci may easily elicit sustained bisynchronous
discharges which often spread diffusely. CSWS, which develops within a broader age range,
with multiple focal or predominantly frontal paroxysmal anomalies, may be
comprehensively associated with more generalized neuropsychological and/or mental
regression. However, paroxysmal anomalies in our patients were not always predominant
in frontal regions. Blume et al. reported the presence of more than one spike focus in 96% of
patients and three or more foci in 77% suggested that secondary bilateral synchrony results
from a complex interaction of multiple potentially epileptogenic regions (Blume & Pillay,
1985). A complex interaction of multiple cortical epileptiform discharges may act through
thalamic and callosal connections to create bisynchronous epileptiform paroxysms.
Independent of etiology and individual area of initial epileptic activity, patients with CSWS
may be characterized by a consistent specific neuronal network of activation. In a recent
study, the activation in the perisylvian/prefrontal network was associated with both
activation in the thalamocortical network and deactivation in the default mode network
(Siniatchkin et al., 2010). Our results and these findings suggest that children with CSWS
may have abnormalities in the frontal lobe even if the epileptic focus is not frontal.
Long-term prognosis for the seizure disorder is good, with less than 20% of patients
suffering from persistent, usually rare, seizures (Bureau, 1995). However, the long-term
prognosis for neuropsychological consequences is not nearly as good as was once thought.
Therefore, in considering outcomes for children with CSWS, it is necessary to consider the
control of seizures on one hand and the incidence of neurological impairments, either
transitory or persistent, on the other. The duration of epilepsy seems to be a significant
prognostic factor. In our study, prefrontal growth made rapid recovery in patients with a
shorter duration of CSWS. The CSWS duration in three of the patients with poor outcomes
was longer than in those who had better prognosis. This finding suggests that seizure and
the duration of paroxysmal anomalies may be associated with prefrontal lobe growth, which
is associated with neuropsychological problems. Our results are agreement with the
findings that CSWS patients with the longest persistence of spike-and-wave discharges over
time are most affected (Smith & Polkey, 2008).

The pathophysiology of CSWS is complex and far from being elucidated. The relation
between the density of paroxysmal anomalies and neuropsychological regression is based
on clinical findings, notably, the parallel between paroxysmal anomalies duration and
ultimate neuropsychological outcome, as well as between the neuropsychological
disturbances and the location of the interictal epileptic focus (Tassinari et al., 2005; De Negri,
1994; Morikawa et al., 1992). In addition, the most convincing theory maintains that focal
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epileptic activity produces a disturbance in the maturation of cortical zones, mainly in the
associative areas (Praline et al., 2003). Nonconvulsive status epilepticus (SE) in adult animals
leads to widespread neuronal necrosis in vulnerable regions (Wasterlain et al., 1993).
Furthermore, inhibition of brain growth, DNA and protein synthesis, and myelin formation
and of synaptogenesis may lead to altered brain development (Wasterlain et al., 1993). Rat
pups as young as 2 weeks old demonstrate seizure-induced elevation in serum neuron-
specific enolase accompanied by histological evidence of damage as a result of status
epilepticus (Sankar et al., 1997). Furthermore, in our previous study, a longer active seizure
period as frequent spike-waves coupled with the occurrence of frequent seizures in patients
with benign childhood epilepsy with centro-temporal spikes may be associated with
prefrontal lobe growth disturbance (Kanemura et al.,, 2011). Our results are in agreement
with these findings. Patients with CSWS require regular and prolonged clinical and EEG
follow-up.

The same disorder that causes seizures may also have the potential to limit intellectual
development in many patients. People with learning disabilities represent an important
subgroup within the population of patients with epilepsy. On the other hand, the interface
between epilepsy and behavior disorders has a long and checkered history. The coexistence
of intellectual deficits and behavioral abnormalities may substantially interfere with the
medical assessment of seizures. If the relationship between the occurrence of paroxysmal
anomalies and the onset of a neuropsychological deterioration is accepted, an aggressive
therapy can be justified (Tassinari et al., 2005). This may require modification of antiepileptic
therapy, psychosocial intervention, or the use of psychotropic medication. Our study
demonstrated that clinical seizures and EEG discharges responded well to a benzodiazepine
such as CLB when combined with VPA in four of 5 patients. The study by Liu et al. has
demonstrated a dramatic improvement in the clinical findings and occurrence of the CSWS
phenomenon with administration of low-dose benzodiazepines in a cohort of 18 children
with language, behavioral, and neuropsychologic deterioration (Liu & Wong, 2000). In
agreement with Tassinari et al. (Tassinari et al., 2005), benzodiazepines in combination with
VPA seem to be the most effective treatment at present. However, the patients in our study
have exhibited mental and behavioral disorders even after the CSWS period has ceased.
Inutsuka et al. reported that the effects of short cycles of high-dose diazepam and ACTH-Z
(tetracosactide Zn) therapy were temporary at best (Inutsuka et al., 2006). The potential for
early reversibility of clinical and EEG abnormalities with benzodiazepine, however, will
improve the outcomes for children with CSWS. Further investigations may clarify whether
deficits of cognition and behavior are transient or permanent. In addition, the sample in this
study is too small to discuss the pathophysiology and outcome of CSWS. Further studies are
needed to confirm and elaborate on these anatomical observations by 3-D MRI based
volumetry to extend the systematic study of cognitive, social, and moral development, and
to predict the likely outcome of CSWS for many children with CSWS.

5. Conclusion

This study revealed the frontal and prefrontal lobe volumes, and the prefrontal to frontal
lobe volume ratio in particular showed growth disturbances during the CSWS period, and
even after CSWS had ceased. The duration of symptoms such as seizure and paroxysmal
anomalies in the patients with poor outcomes was longer than in those who had better
prognosis. These findings suggested that the durations of seizure and paroxysmal anomalies
may be associated with prefrontal lobe growth, which relates to neuropsychological
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problems. These findings in our study provide further support for the integral involvement
of the prefrontal cortex in CSWS.
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