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Abstract

An 11-year-old boy presented with acute dysautonomia manifesting as severe orthostatic hypotension following fever. Serial orthostatic
tests with measurement of the coefficient of variation in the R—R intervals showed improvement after one course and complete recovery after
two courses of intravenous high-dose immunoglobulin therapy (TVIg). Repeated courses of IVIg should be considered to treat this disorder if

spontaneous remission does not occur.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Acute dysautonomia; Orthostatic hypotension; Intravenous high-dose immunoglobulin therapy

Acute dysautenomia is a rare disorder, characterized by
acute dysfunction of the autonomic nervous system with a
history of preceding infection [1,2]. Acute dysautonomia
has recently been recognized as a type of neuroimmunologic
disorder. The pathogenesis remains unclear, but may
involve acute inflammatory neuropathy caused by an
immune mediated mechanism, similar to Guillain-Barré
syndrome [2,3]. Recovery from acute dysautonomia tends to
be gradual and frequently incomplete, and early therapeutic
intervention is necessary in patients with progressive
disability [1,2]. Acute dysautonornia has been successfully
treated with intravenous high-dose immunoglobulin therapy
(IVIg) [4-8). We treated an 11-year-old boy who developed
severe orthostatic hypotension after an episode of fever and
recovered after two courses of IVIg.

1, Case report

A previously healthy 11-year-old boy developed high
fever of 40 °C in September 2001 (Fig. 1). He complzined of
headache and dizziness at that time. His condition was
treated as a common cold. The fever ceased 3 days later, but
he suffered from sustained dizziness. Blood tests showed
no abnormalities, but his blood pressure decreased from

* Corresponding author. Fax: +81-22-717-7290.
E-mail address: mamiko@ped. med.tohoku.ac jp (M. Ishitobi).

0387-7604/% - see front matter © 2004 Elsevier B.V. All rights reserved,
doi:10.1016/j.braindev.2004.02.012

88/46 mmHg to 68/42 mmHg at 4 min after standing. The
diagnosis was orthostatic hypotension. He was treated with
vasopressors, anti-inflammatory drugs, antidepressants, etc.,
but with no effect. Two months after the onset, he was
referred to our hospital for further evaluation and treatment.

Serial measurements of the coefficient of variation in the
R~R intervals (CVR-R) were made using a multi-function
electrocardiograph (FDX-4520; Fukuda Denshi, Japan)
during the orthostatic test monitored with a continuous
non-invasive blood pressure tenometry system (JENTOW-

“7700; Colin Corporation, Japan). The orthostatic test was

performed after resting for more than 15 min, and systolic
and diastolic blood pressures were recorded every 10 to
15 5. The CVR~R was also measured at rest.

The orthostatic test demonstrated severe orthostatic
hypotension (Fig. 2a). Immediately after standing, his
heart rate suddenly rose to 140 beats/min, and his systolic
blood pressure to higher than 140 mmHg. Seven minutes
later, the systolic blood pressure sharply fell to lower than
80 mmHg, and he felt dizziness and loss of vision, and was
unable to remain standing. He then lay down, but his heart
rate and blood pressure did not recover to those measured
before standing for 13 min. CVR-R was severely low at
2.05% (normal lower limit 3.0% in control subjects aged
10-19 years old) (Fig. 1).

He had a good appetite, and had no constipation or
diarthea. His hands were always cold and wet, but physical
examination demonstrated no other abnormalities. He had no
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Fig. 1. Clinical course and timing of orthostatic tests and treatment, Coefficient of variation in the R—R intervals (CVR~R) showed gradual improvement after
two courses of intravenous high-dose immunoglobulin therapy. As for orthostatic tests, * showed similar pattern to (a), and ** to (d). Refer to the results of

orthostatic tests in Fig. 2.

vesicorectal problems, Neurological examination also
demonstrated no abnormalities, including the cranial nerves,
motor and sensory systems, and deep tendon reflexes, The
ocular fundi were also normal. Motor and sensory nerve
conducting velocities in the median nerves were within the
normal range. Metaicdobenzylguanidine scintigraphy,
which utilizes the noradrenaline analog metaiodobenzyl-
guanidine for detection of autonomic dysfunction in the
heart, showed no abnormalities. No abnormalities were
found in blood and urine tests, including serum levels of

antiganglioside antibodies, Cerebrospinal fluid (CSF) testing
on admission showed normal levels of protein (18 mg/dl) and
cell count (1/pl). Blood examination showed that immuno-
globulin G antibody for human herpes virus 6 (HHV-6) was
highly positive (1:160, normal < 1:10), and immunoglobulin
M antibody for HHV-6 and polymerase chain reaction
amplification of HHV-6 deoxyribonucleic acid were nega-
tive. Other virus antibody titers were negative.

The diagnosis was acute dysautonomia. He was treated
with TVIg (400 mg/kg body weight for five consecutive
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Fig. 2. Results of orthostatic tests. The timing of orthostatic tests was shown in Fig. 1, (2) Before treatment, the orthostatic test showed severe orthostatic
hypotension, with sudden rises in blood pressure and heart rate immediately after standing, followed by impulsive falls in both 7 min after standing. Recovery
of blood pressure and heart rate was poor after lying down. (b) The orthostatic test showed slight improvement after one course of intravenous high-dose
immunoglobulin therapy, when he could remain standing for as tong as 13 min. Changes in blood pressure and heart rate were less severe than before treatment,
and recovery after lying down was prompt. (¢} One week later, the orthostatic test showed a similar pattern to that before treatment, {d) The orthostatic test

showed complete recovery after a second course of treatment.
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days). The orthostatic test then showed his condition had
slightly improved (Fig. 2b). He could remain standing for as
long as 13 min. The changes in blood pressure and heart rate
were less severe than before treatment, and recovery after
lying down was prompt. However, one week later, the
orthostatic test showed similar results to those before
treatment (Fig. 2¢), and CVR ~R was still abnormally low at
2.74%. Another course of IVIg was given. The orthostatic
test showed complete recovery (Fig. 2d) and the CVR-R
returned to normal values (3.98%) (Fig. 1). He has had no
compiaints for more than one year,

2, Discussion

Acute dysautonomia can be considered as an uncommon
variant of Guillain-Barré syndrome [5-8), because of the
relatively common association of autonomic symptoms in
Guillain—Barré syndrome, and because of the elevation of
CSF protein in acute dysautonomia [6--8]. The level of CSF
protein in our patient was normal, but the absence of any
abnormality might be due to the late timing of the CSF
examination, two months after the onset.

Our patient required two courses of IVIg to resolve his
symptoms. The orthostatic test showed only slight improve-
ment after the first cowrse. Only one week later, the
orthostatic test showed worsening of the symptoms and
abnormally low CVR -R. However, temporary improvement
was apparently observed after the first course, and a
few reports have suggested that two courses of IVIg are
necessary for effectiveness in cases of Guillain—Barré
syndrome [9,10]. He showed complete and permanent
recovery after the second course of treatment. The present
case indicates that a second course of IVIg should be
considered in patients with severe acute dysautonomia,
especially if signs of improvement are observed after the first
course,

Serial measurements of CVR—R and the orthostatic test
using a tonometry system were useful for the evaluation of
autonomic function in a child with acute dysautonomia.
These methods are non-invasive and easy to carry out even
in pediatric patients.
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Dynamic Cortical Activity during Spasms in Three Patients
with West Syndrome: A Multichannel Near-infrared
Spectroscopic Topography Study
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Summary: Purpose: Toinvestigate spatial and temporal cortical
activity during clusters of naturally occurring epileptic spasms
in patients with West syndrome (WS) by using multichannet
near-infrared spectroscopy (mNIRS).

Methods: Conventional magnetic resonance imaging (MRI)
and interictal and ictal single-photon emission computed to-
mography (SPECT) were carried out in three patients with W§.
Thereafter, cortical hemodynamics during naturally occurring
epileptic spasms were measured by mNIRS with simultaneous
video/electroencephalographic (EEG) monitoring.

Results: Ictal SPECT revealed multiple hyperperfused areas
within the cortex. With the use of mNIRS, an increase in re-
gional cerebral blood volume (CBV) was observed in these ar-
eas, which is representative of cortical activation, The increase
in CBV was accompanied by an increase in the concentrations of

both oxy- and deoxyhemoglobin. The following heterogeneous
regional changes in CBV during ictus were observed: (a) tran-
sient increases that were synchronized with spasms; (b) a grad-
uval increase during an ictal event that fluctuated in synchrony
with spasms; and (c) a combination of transient and gradual in-
creases, An increase in regional CBV occurred in multiple areas
that were activated either simultaneously or sequentially dur-
ing an ictal event. Topographic changes in CBV were closely
correlated with the phenotype of the spasm.

Conclusions: During ictal events, multiple cortical areas were
activated simultaneously or sequentially. The pattern of cortical
activation closely affected the phenotype of the spasm, which
suggested that the cortex was involved in the generation of
spasms. Key Words: West syndrome—Infantile spastn-—Near-
infrared spectroscopy.

West syndrome (WS) is an age-dependent epileptic
syndrome that occurs during infancy. WS is character-
ized by clustering epileptic spasms, electroencephalo-
graphic (EEG) hypsarthythmia, and arrested psychomo-
tor development (1,2). Although the pathophysiology of
WS remains unknown, subcortical structures such as the
lentiform nuclei and brainstem are thought to be involved
(3.4). In addition, magnetic resonance imaging (MRI) and
functional neuroimaging have revealed that a considerable
number of children with WS possess focal cortical abnor-
malities (5~-7). Surgical resection of the affected area can
eliminate the spasms (8), suggesting (at least in such pa-
tients} that the abnermal cortex may play a crucial role in
the pathogenesis of spasms in patients with W§.
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Positron emission tomography (PET) and single-
photon emission computed tomography (SPECT) have
suggested that abnormal cortical areas are hyperperfused
during ictal periods, implying that these areas of the cor-
tex are activated during a cluster of spasms (9,10). How-
ever, because of the insufficient time resolution of PET
and SPECT for rapidly progressing and repeatedly occur-
ring spasms, it is impossible to discriminate between the
cerebral perfusion changes during spasms and those at
intervals of spasms, and postictal changes might contam-
inate the results. A different nevroimaging modality with
superior time resolution is thus required to delineate the
time course of cortical activity during the progression of
the ictal events of WS.

Recently, multichannel near-infrared spectroscopy
(mNIRS) has been used to investigate higher brain func-
tion because changes in regional cerebral blood volume
{CBV), which can be measured by using mNIRS, are
correlated closely with the topology of cortical activity
{11,12). The relatively good time resolution of mNIRS
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TABLE 1. Clinical characteristics of patients

Case 1 Case 2 Case 3

Sex female female male
Gestational age 35 37 40

at birth (weeks)
Age {(months)

at onset 3 7 5

at examination 3 8 6
Seizure type symmetrical asymmetrical  partial

spasms followed  spasms (L>R) seizure

by asymmetrical  followed by followed by
spasms symmetrical symmetrical
(L>R} spasms spasms

overcomes the aforementioned limitation of PET and
SPECT, and therefore it might be a useful method for ob-
serving spatial and temporal changes in cortical activity
during ictus in patients with epilepsy (13). Here, we used
mNIRS to assess the involvement of the cerebral cortex in
ictal events in patients with WS.

METHODS

Patients
We studied three patients with WS. The clinical char-
acteristics of the patients are summarized in Table 1.

Case 1 :

A girl (the first of twins) was born after 35 weeks of
gestation; pregnancy and delivery were uncomplicated,
The mother had Crohn’s disease, but no family history
of epilepsy was known. The first seizure occurred at age
3 months. During the ictal period, the girl exhibited brief
extension of the upper and lower limbs, which was associ-
ated with upward rolling of the eyes. Initially, the spasms
were symmetrical but became asymmetrical toward the
end of a cluster in association with weak extension of the
left upper limbs. An interictal EEG recording revealed
hypsarthythmia. The results of conventional MRI, reti-
nal observation, and blood analyses (including lactate and
amino acid analyses) were normal. Despite treatment for
2 weeks with vitamin Bg and valproate (VPA), the in-
fantile spasms remained. Although subsequent treatment
with adrenocorticotropic hormone (ACTH) eliminated the
spasms and the hypsarrhythmia, a brief tonic seizure with-
out clustering occurred 1 month later.

Case 2

A girl was born after 37 weeks of gestation; pregnancy
was uncomplicated. The first seizure was noted at age
‘7 months. During the ictal period, the girl exhibited brief
spasms in clusters. Hypsarrhythmia was noted in an EEG
recording. Vitamin B¢ and VPA were found to be ineffec-
tive, and she was referred to our hospital at age 8 months.
MRI revealed a small lesion of unknown etiology at the
posterior lateral aspect of the left lateral ventricle, whereas
retinal observation and blood analyses were normal. Then

ACTH treatment was carried out, and the spasms ceased,
with an EEG improvement.

Case 3

A boy was born after 40 weeks of gestation; pregnancy
was uncomplicated.” The first seizure was noted at age
5 months. During the ictal pericd, he exhibited brief ex-
tension of the upper limbs with head-nodding. At age
6 months, he could no longer control the movements of
his head, and he was referred to our hospital. Hypsarrhyth-
mia was noted in an interictal EEG. The MRI, retinal ob-
servation, and metabolic parameters were normal. ACTH
treatment was carried out after vitamin B and VPA were
found to be ineffective. After the ACTH treatment, the
hypsarrhythmia disappeared, and the spasms ceased.

Methods

Within 2 weeks of admission to the Tohoku University
Hospital and before the initiation of ACTH therapy, inter-
ictal and jctal SPECT and ictal mNIRS with video-EEG
monitoring were carried out in each of the three afore-
mentioned patients. We received informed consent from
the parents of the patients for the following examinations.

For ictal SPECT, as socn as the attending pediatrician
noticed the occurrence of spasms, [™Te]-ethyl cysteinate
dimer (ECD) was injected intravenously. The fixation of
[°*Tc]-ECD within the brain after injection required sev-
eral minutes (14). Because multiple spasms occurred dur-
ing this period, the SPECT images obtained represented
mixed cerebral blood flow (CBF) during the multiple
spasms, For the interictal SPECT study, [®™T¢]-ECD was
injected while the patient was conscious. Bothictal and in-
terictal SPECT images were acquired at 30 min after the
injection of [*™Tc]-ECD by using a MULTI-SPECT 3
(Siemens, Gerfahldt, Germany). The patient was sedated
with diazepam (DZP} during the scanning, The method
that we used to construct a tomogram of CBF has been
described elsewhere (10).

NIRS is based on the fact that near-infrared light can
propagate through biologic material with scattering, and
the absorption during propagation is inversely related to
hemoglobin (Hb) concentrations in tissues (15). By using
two specific wavelengths of near-infrared light (see later),
the relative changes in oxy- and deoxy-Hb concentrations
can be calculated separately (11). The summation of oxy-
and deoxy-Hb concentrations gives the change in total
Hb (total-Hb) concentrations, which is representative of
changes in CBV (16).

In the present study, a mNIRS system (ETG 100; Hi-
tachi Medical Corporation, Tokyo, Japan) was used. After
the placement of selected scalp electrodes for digital EEG
monitoring (EEG2100; Nihon Kohden, Tokyo, Japan),
two optode arrays for mNIRS were fixed to the scalp by
using a tubular net bandage and surgical tape. Based on the
SPECT results, the arrays were placed bilaterally symmet-
rically with the center of each array located approximately
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25 mm

FIG. 1. Configuration of optode arrays. Each array consisted
of altarnately arranged light-emitling {saolid circles} and light-
detecting (open circles) optodes. Absorption of near-infrared light
{780 and 840 nm} was measured among adjoining emitting and
detecting optodes, thereby producing 12 recording channels per
hemisphere (channels 1-12, right hemisphere; 13-24, left hemi-
sphere). The gray area illustrates the extent of the topographic
image that was constructed by using spatial spline Interpolation
across the recording channels.

over the frontal or central area (10-20 system). The attach-
ment for the arrays was fabricated specifically for infants
to minimize discomfort (Hitachi Medical Corporation}.
Each array comprised four light-emitting and five light-
detecting optodes that were arranged alternately with a
spacing of 25 mm (Fig. 1). The absorption of backscat-
tered light at wavelengths of 780 and 840 nm was mea-
sured between adjoining optodes, thereby producing 12
measurement channels per hemisphere. The sampling in-
terval was 0.5 s. For off-line analysis, baseline values of
0xy-, deoxy-, and total-Hb were aligned to the period that
immediately preceded the ictal period (unless otherwise
stated). Topographic images of the changes in regional
CBY were constructed by using spline interpolation. The
spatial resolution of the images was limited by interoptode
distance.

RESULTS

Figure 2A shows the results of the interictal (Fig. 2A,
a—d} and ictal SPECT (Fig. 2A, e-h) for case 1. During
ictus, a prominent increase in regicnal CBF was noted in
the right anterior frontal lobe (arrow in Fig. 24, e}, which
was surrounded by a relatively hypoperfused area (arrow-
head). The contralateral cortex also was hyperperfused
with a predominant increase in regional CBF in the left
frontal area (Fig. 2A, ¢ and f). In addition, an increase
in regional CBF during ictus was observed in subcortical
structures such as the bilateral lentiform nuclei, cerebel-
lum, and brainstem (Fig. 2A, g and h).

Incase 1, 19 spasms were recorded during mNIRS mon-
itoring. Figure 2B shows representative topographic maps
of the spatial changes in total-Hb concentrations (which
reflect regional changes in CBV) in the bilateral frontal

Epilepsia, Vol. 45, No, 10, 2004

area during spasms. A focal increase in CBV occurred in
the right hemisphere, whereas a simultaneous decrease in
CBYV occurred in the adjacent area. In the left hemisphere,
CBYV increased in a relatively diffuse manner. Figure 2C, a
and b, illustrate the time course of changes in total-, oxy-,
and deoxy-Hb concentrations during a cluster of spasms
in the right hemisphere at the channels indicated by (a)
and (b} in Figure 2B. In Figure 2C, a, the increase in re-
gional CBV was transient, and the increase was synchro-
nized with the spasm (arrowheads). In addition, a periph-
eral decrease in CBV (Fig. 2C, b) also was synchronized
with the spasm. The first 11 spasms were intensely tonic
and symmetrical (solid arrowheads in Fig. 2C); thereafter,
the spasms became weak and asymmetrical (open arrow-
heads), and the spasms were associated with extension of
the left arm. Intense spasms tended to be correlated with
high total-Hb concentrations.

Figure 2D shows representative ictal EEG recordings
during a spasm. A focal spike in the right hemisphere pre-
ceded each spasm. After this, fast waves occurred with
right-hemisphere dominance; these waves were superim-
posed with high-voltage slow waves and were followed
by desynchronization. The dotted line in Figure 2D in-
dicates the onset of the spasm as determined by surface
electromyography (EMG).

Figure 3A shows the results of interictal (Fig. 3A, a—d)
and ictal (Fig. 3A, e-h) SPECT for case 2. During ictus,
a bilateral increase in regional CBF was observed in the
parietooccipital cortex, along with an increase in regional
CBF in the bilateral lentiform nuclei. Consequently, for
case 2, the optode arrays for mNIRS were placed sym-
metrically bilaterally, with the center of each array located
over the central area (10-20 system), as illustrated in the
insets in Figure 3B.

Figure 3B shows topographic maps of the regional CBV
changes around the right and left central areas during a
spasm for case 2 at the time point indicated by an aster-
isk in Figure 3C. A focal increase in CBV was seen in
the posterior region of the right topographic map. A slight
increase in CBV was observed also in the left homolo-
gous site, Figure 3C shows the time course of changes
in total-, oxy-, and deoxy-Hb concentrations during a
cluster of spasms in the right (R) and left (L) hemi-
spheres at the same points in the corresponding hemi-
spheres (solid circles in Fig. 3B). The spasms gradually
became more intense during the progression of a cluster,
and continuous recording in the right hemisphere became
impossible after the eighth spasm, owing to the devel-
opment of intense motion (broken line in Fig. 3C). Ini-
tially, the transient increase in CBV was synchronized
with spasms in the right hemisphere; thereafter, a periodic
increase in CBV in the left hemisphere gradually became
obvious.

Figure 3D, a—c, shows an ictal EEG and surface EMG
recordings that were made at the bilateral deltoid muscle;
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FIG. 2. Results for case 1. A: Results of [%™Tc)-ethyl cysteinate dimer (ECD) single-photon emission computed tomography (SPECT)
during interictal and ictal periods. Displays are transversa SPECT images parallel to the orbitomeatal plane that were obtained during
interictal (a-d, in order from top to bottom of brain) and ictal (e-h) periods. The arrow and arrowheads in panel e indicate a hyper- and
hypoperfused area of cortex, respectively. R, right. B: Representative topographic changes in regional cerebral blood volume (CBV) as
inferred from changes in total hemoglobin (Hb) concentrations during spasms. U, upper; N, nasal, Insets illustrate the placement of the
optode arrays and electroencephalography (EEG) electrodes. R, right, L, left. The time course of changes in ictal Hb concentrations at the
recording channels that are indicated by (g)and (b)in B, are shown in panels Ca and b, respectively. C: The time course of changes in oxy-,
deoxy-, and total-Hb concentrations at the points indicated by @and @)in B are illustrated in panels Ca and b, respectively, Arrowheads,
the occurrence of spasms. Initially, spasms were symmetrical {solid arrowheads), and were followed by asymmetrical, weak spasms In
the left upper limbs (open arrowheads). ; Ictal EEG recorded simultaneously with multichannel near-infrared spectroscopy (mNIRS).
The broken line indicates the onset of a spasm.
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concentrations at the points indicated by the solid circles in C. During the ictal period, atypical slight truncal movement was observed
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on an expanded time scale, Traces depicting oxy-, decxy-, and total-Hb concentrations were realigned to time 0. Arrows, The occurrence
of spasms. Concentrations of oxy-, deoxy-, and total-Hb fluctuated in concert with the occurrence of the spasms.
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the corresponding times for the mNIRS data are indicated
in Figure 3C, a—¢. As noted in the surface EMG, initially
spasms occurred slightly earlierin the left side of the body;
thereafter, spasms occurred simultaneously in both sides.

Figure 4A shows the results of interictal (Fig. 4A, a-d)
and ictal (Fig. 4A, e-h) SPECT for case 3. During ictus,
an increase in regional CBF occurred in the right pari-
etofrontal cortex, along with increases in regional CBF in
subcortical structures. The interictal EEG during sleep for
case 3 revealed symmetrical hypsarrhythmia (Fig. 5A).
About 4 minutes before the initiation of clinically obvi-
ous spasms, case 3 awoke, and the hypsarthythmia be-
came irregular slow waves. Thereafter, a diffuse high-
voltage slow wave that was led by the left hemisphere
was noted, and this was followed by theta waves in the
same hemisphere (Fig. SB). At this time, slight truncal
movement occurred (arrow in Fig. 5B). In the correspond-
ing time period, a sudden increase in regional CBV oc-
curred in the left hemisphere (number 1 in Fig. 4B and
(), which was sustained, In the EEG (Fig. 5C), the theta
activity became rhythmic and was observed bilaterally
with an increased spike frequency in the right midtem-
poral area, During this period, a slight increase in re-
gional CBV was noted in the right hemisphere (number
2 in Fig. 4B and C), and the patient did not exhibit any

A

Fp1-T3 AAMAAA AN MM A o
7301 NNV N AW

movement. Thereafter, a focal increase in regional CBV
occurred suddenly several times in the right hemisphere
(number 3 in Fig. 4B and C), which was accompanied
by atypical slight truncal movement. The truncal move-
ment was considered to be an ictal phenomenor, because
a high-voltage slow wave was noted in the EEG that was
recorded at the same time (Fig. 5D). Thereafter, a gradual
focal increase in regional CBV was seen in the right hemi-
sphere, which reached a maximum value at which weak
but clinically obvious spasms occurred (short vertical bars
inFig. 4B). The spatial distribution of the gradual increase
in CBV is shown in Fig. 4C. The corresponding ictal EEG
comprised diffuse small fast waves that were followed by
a slow wave (Fig. SE). Figure 4D shows the changes in
regional CBV that were recorded from the same channel
in the right hemisphere as that depicted in Figure 4C (solid
circle) during a different cluster of spasms in the same pa-
tient at a magnified time scale. Fluctuations in total-, oxy-,
and deoxy-Hb concentrations were synchronized with the
spasms.

DISCUSSION

In the present study, we used mNIRS to measure ic-
tal changes in regional CBV during naturally occurring

t
E _1__1 100 uV
sec

€402 A AMANIANAANAN el N\ i A AT

FIG. 5. Interictal and ictal EEG for case 3. A: Interictal EEG showing hypsarrhythmia. B: Approximately 4 min after the attenuation of
hypsarrhythmia, atypical truncal movement was noted, and focal rhythmic theta discharges emerged in the left occipital area. C: The
theta discharge propagated to the right hemisphere, and an increase in the number of spikes was seen around recording channel T4,
D: The theta activity changed to high-voltage slow waves, and atypical truncal movement occurred again. E: Ictal movement became a
typical tonic spasm. Arrows in B, D, and E indicate the occumence of ictal events (atypical movements or spasms), as determined by

video-recording the patient during the EEG monitoring.
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spasms in patients with WS. Considering the multiple etf-
ologies (1) and heterogeneity of cortical involvement in
WS (5,10), limited scope exists for the generalization of
our observations. Nevertheless, our results have revealed
some remarkable properties of the dynamic nature of cor-
tical activity during epileptic spasms.

Intracranial propagation of near-infrared light is af-
fected by multiple age-dependent factors, such as the op-
tical properties of the scalp, skull, cerebrospinal fluid, and
brain. In the adult head, the propagation of light through
the brain is largely confined to the cortical gray matter,
whereas in the neonatal head, light passes mainly through
the cortex, zlthough light may penetrate the subcortical
white matter (17,18). Although subcortical structures, es-
pecially the lentiform nuclei, were activated during the
ictal period in the present cases, the concomitant absorp-
tion change in such the deep brain areas was thought to
be small with the short interoptode distance in the present
study (18). However, further investigation is required to
clarify how intracranial propagation of light changes with
age.

Experiments using mNIRS have revealed that a tight
coupling exists between hemodynamics and neuronal ac-
tivity in the cortex. Habitual tasks or physiological stimuli
evoke a focal increase in CBV (total-Hb concentrations)
within a functionally corresponding area of the cortex
{11,12). The increase in CBV is a result of the dilatation
of regional microvessels, which is regulated locally by as-
trocytes that respond to neuronal activation (19). Because
the activity-dependent CBV increase is much greater than
the local oxygen demand, the change in CBV is usually
accompanied by an increase in oxy-Hb concentrations,
whereas deoxy-Hb concentrations decrease (20,21). Al-
though ictal cortical hemodynamics are heterogeneous
among the types of seizure, an increase in CBV together
with an increase in both oxy- and deoxy-Hb concentrations
has been noted during generalized convulsive seizures
(22,23). The increase in deoxy-Hb concentrations is
thought to reflect large oxygen consumption, implying
the presence of intense neuronal activation. However,
activity-related changes in deoxy-Hb concentrations may
be modified by maturation processes in cerebral hemody-
namics: normal adults tend to show a decrease in deoxy-
Hb concentrations during physiological stimuli, whereas
young infants tend to exhibit an increase in deoxy-Hb
concentrations (24,25). In patients with WS, CBV in-
creased with a marked increase in deoxy-Hb concentra-
tions. Although the increase in deoxy-Hb concentrations
suggests an expansion in oxygen consumption during in-
tense epileptic cortical discharges, cerebral immaturity
may affect the extent of the increase in deoxy-Hb con-
centrations in infants,

The use of mNIRS in the present study revealed that re-
gional changes in CBV during the icta! period were highly

dynamic and were distributed focally. We were able to .

identify three different patterns of regional increases in
CBYV: (2) repetitive transient increases that were synchro-
nized with spasms (these were observed in case 1); (b) a
gradual fluctuating increase during a cluster that was syn-
chronized with spasms (case 3); and (c) a periodic tran-
sient increase that also contained elements that resembled
a gradual increase (case 2), The ictal short discharges of
fast waves, which were prominent in cases 1 and 2, might
be the events within the EEG recordings that were as-
sociated with a transient increase in regional CBV. The
fast waves occurred immediately before the onset of each
spasm and were the result of focal cortical discharges,
which are thought to give rise to the spasms (26,27). In
cases 1 and 2, a transient increase in CBV began imme-
diately before a spasm, at the time at which fast waves
emerged, The intensity and laterality of the increase in re-
gional CBV was correlated with the amplitude of the fast
waves. Therefore we believe that a focal transient increase
in regional CBV reflects the ictal cortical discharge that -
produces fast waves.

The pathophysiologic basis for the gradual increase in
CBY during a cluster of spasms remains unknown. One
explanation is that gradual increases in CBV might be in-
dicative of the presence of an epileptogenic area that is
activated subclinically before the spasms, which subse-
quently dominates the entire ictal event. Previous clinical
studies using single-channel NIRS reported the preictal
hemodynamic change in pediatric cases with generalized
seizures and with WS (23,28). The progressive increase
in CBV may result from frequent periodic or sustained
cortical discharge, which might in turn cause an accumu-
lation of blood. Alternatively, it is possible that the gradual
increase in CBV resulted from the combined activity of
simultaneously progressing partial seizures (29), rather
than from spasms, and that the increase in CBV masked
an initial transient increase. To elucidate the involvement
of the aforementioned pathophysiologic mechanisms, fur-
ther investigations using more advanced mNIRS (e.g., a
wider recording area and greater spatial resolution) are

‘required.

In the area surrounding the region of largely increased
CBV, a decrease in regional CBV was found that might
have corresponded to the hypoperfused area that was noted
in the ictal SPECT. The decrease in regional CBV oc-
curred repeatedly with each spasm, suggesting that this
was neither ictal exhaustion nor a postictal decrease in re-
giona! CBF, which is observed in other types of epilepsy

" (30). The decrease in regional CBV was caused predomi-

nantly by a change in the concentration of oxy-Hb, which
suggests that the arterial blood supply was reduced; this
might indicate the existence of a local steal phenomenon
3.

In the present study, mNIRS revealed that ictal corti-
cal activation occurred in multiple cortical regions that
were activated simultaneously or sequentially during the
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progression of an ictal event. In cases 1 and 2, bilaterai
homologous sites were activated, whereas in case 3, uni-
lateral cortical discharge that caused a partial sejzure ap-
peared to facilitate contralateral cortical activation that
resulted in a single ictal event (24). Although single
unilateral cortical discharges lead to bilateral spasms, pre-
sumably via subcortical structures (32}, the pattern of acti-
vation of multiple cortical areas might affect the laterality
and intensity of spasms. The mechanism by which mul-
tiple cortical areas interact during an ictal event is not
known. Pinard et al. (33) reported that complete corpus
callosotomy of a patient with WS resulted in asymmetri-
cal spasms and unilateral hypsarrhythmia, and they sug-
gested that the secondary generalization might have been
caused by transcallosal propagation. Alternatively, it is
possible that subcortical structures mediate such cortical
interaction (2).

The analysis of changes in regional CBV in the present
study suggested that spasms might have originated within
the cortex in the present cases. However, it is unlikely
that focal cortical activation generated the spasms au-
tonomously, because the spasms were bilaterally tonic
and repetitive, and ictal SPECT revealed symmetrical
hyperperfusion of subcortical structures. It is likely that
subcortical structures are involved in the propagation of
spasms (9,10). Thus cortical activation may subsequently
activate the subcortical effectors that ultimately produce
spasms, Nevertheless, it should be noted that a possi-
bility exists that subcortical primary lesions can cause
epileptic spasms in some WS patients (23,34). If so, the
properties of spasms in WS patients may be the result
of a mutual interaction between cortical and subcorti-
cal structures via an unknown, age-dependent mechanism
2)

In conclusion, dynamic ictal cortical activity was
recorded during clusters of spasms by using mNIRS.
During ictal ‘events, multiple cortical areas were ac-
tivated simultaneously or sequentially. The pattern of
cortical activation strongly influenced the phenotype
of the infantile spasm, which suggested that the cor-
tex was involved in the generation of spasms. Finally,
the results of the present study exemplify how mNIRS
can provide useful information in studies of seizure
semiology.
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KEYWORDS = - Summary Postmarketing data about the effectiveness of zonisamide in childhood
Zonisamide; - epilepsy was collected from 759 children with various forms of epilepsy (ages 3
Epilepsy; months—15 years) to compare the long-term efficacy of zonisamide in the treat-
sapan; ment of epilepsy in intellectually normal versus intellectually disabled children. The
Pedia t-’n,c--. - follow-up period was 6 months—3 years; 291 children (245 intellectually normal, 46

RER intellectually disabled) received zonisamide as monotherapy. The remaining patients
- Efficacy received additional antiepilepsy drugs (AEDs); mean numbers of additional AEDs were

R 1.6 and 2.9 for intellectually normal and intellectually disabled groups, respectively.
Effectiveness could not be evaluated in 30 of the 759 patients because of very rare
or irregular seizure frequency. In the 729 patients evaluated, 78% of intellectually
normal patients and 43% of intellectually disabled patients showed =50% reduction
in the number of seizures (P < 0.001). Improvement rates seen in the intellectually
normal group were almost the same for patients with generalized (82%) and partial
(77%) epilepsies, whereas in the intellectually disabled group, the improvement rate
was higher for partial (50%) than generalized (26%) epilepsies (P < 0.01).

These results are consistent with the known phenomenon that intellectually dis-
abled children are likely to have more intractable seizures than children with normal
intelligence.
© 2004 Published by Elsevier Ltd on behalf of BEA Trading Ltd.

Introduction performed by 4 authors; "4 3 studies were of treat-
ment in adults,’=2 and 1 study examined pediatric

Zonisamide is a new drug with broad-spectrum treatment.4 The observation period of these studies
antiepi[epsy activity against partial as well as gen- was 12—16 weeks in adults, and 8 weeks in children.
eralized seizures. The drug has been commercially All studies were confined to zonisamide treatment
licensed in Japan since 1989. Before licensure,  ©Of generalized seizures. Postmarketing research,
randomized, controlled trials of zonisamide were  performed at 25 institutions over a 5-year period,
investigated the clinical effectiveness and safety of

zonisamide for the treatment of childhood epilepsy.

~Corresponding author, Tel.: 381 22 717 7284; The purpose of this postmarketing stuFIy was t.o
fax: +81 22 717 7290. compare the long-term efficacy of zonisamide in
E-mail address: kiinuma@ped.med.tohoku.ac.jp (K. linuma).  the treatment of epilepsy in intellectually nor-

1059-1311/$30 — see front matter © 2004 Published by Elsevier Ltd on behalf of BEA Trading Ltd.
doi:10.1016/].selzure.2004.04.003
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mal children to that in intellectually disabled
children.

Methods
Patients and study design

A total of 759 patients were included in the study.
All were under 15 years of age. Ages of patients
distributed as follows: less than 1 year, 20 patients
{3%); 1-5 years, 213 patients (28%); 610 years,
182 patients (37%); and 11—15 years, 244 patients
(32%). Of the study subjects, 418 were evaluated
as intellectually normal, and 341 were intellectu-
ally disabled, with scores less than 50 based on
their intelligent quotient ({Q) or development quo-
tient {DQ). The IQ was evaluated by Tanaka-Binet
method (Japanese edition of the Stanford-Binet In-
telligence Scale), and in a few cases, by Wechsler
Intelligence Scale for Children—Revised, The DQ
was evaluated by the Tsumeri-Inage method and
Enjoji method (both are evaluated by interview-
ing parents, similar to the Denver Developmental
Screening Test). The observation period of the
study was between 6 months and 5 years.

Overall improvement in seizure control was eval-
uated in both the intellectuatly normal and the
intellectually disabled groups. In the intellectuatly
normal group, approximately 15% of patients had
temporal lobe epilepsy and approximately 55% had
non-temporal lobe epilepsy. Generalized epilep-
sies were found in less than 20% of this group. In
contrast, in intellectually disabled patients, ap-
proximately 7% had temporal lobe epilepsy and 35%
non-temporal lobe epilepsy. Generalized epilepsy
was found in almost one-half of this study group’s
subjects.

A total of 729 patients out of the initial 759 pa-
tients were included in the final evatuation. Thirty
patients were eliminated from analysis because of
loss to follow-up due to adverse effects, change
of address, too few seizures to evaluate, or other
reasons. Of the intellectually normal group, 401
patients completed the study; of the intellectually
disabled group, 328 completed the study (Table 1).

Table 1 - Number of patfents (ﬁnét evaluation).

Table 2 Number of AEDs.

Number of AEDs Number of
" patients
Intellectually normal (mean 1.6)
Zonisamide monotherapy 245 (61%)
2 AEDs 112 (28%)
3 AEDs 44 (11%)
- 4 AEDs 12 (3%)
Intellectually disabled (mean 2.9) _
" Zonisamide monotherapy 46 (14%)
2 AEDs 67 (20%)
3 AEDs 128 (39%)
4 AEDs 64 (20%)
"5 AEDs 32 (10%)

Evaluation of safety and efficacy

The efficacy of zonisamide in the treatment of
seizures was evaluated on the basis of improve-
ment aver a minimum 5-month period of observa-
tion following the initiation of treatment. Patients
who were observed less than 5 months were not in-
cluded in the efficacy analysis. Statistical analysis
was performed using the chi-square method. Doses
of zonisamide varied from 2 mg/kg per day to more
than 10mg/kg per day, and about 70% of patients
received 2—8 mg/kg per day of zonisamide.

Zonisamide was regarded as effective for seizure
control if the seizure frequency was reduced by
>50% compared to baseline seizure frequency
measured before treatment began. The improve-
ment rate was defined as the percentage of the
total number of patients meeting this efficacy
standard. Adverse effects were recorded for all
patients.

Sixty-one percent of the patients in the intellec-
tually normal group were treated with zonisamide
monotherapy (Table 2). Twenty-eight percent of
the patients were treated with zonisamide and 1
other antiepilepsy drug. In contrast, zonisamide
monotherapy was given to only 14% of the patients
in the intellectually disabled group. Zonisamide
was given together with 2 other antiepilepsy drugs

Epilepsies Total
Generalized Partial Unclassified
Intellectually normal . 67 N 3 401 -
Intellectually disabled 152 170 .6 328
Total 219 501 9 . 729

Thirty patients were excluded because of interruption of follow-up by adverse effects, changes of address, etc. . -
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in 39% of this group’s patients. The mean num-
ber of AEDs, including zonisamide, was 1.61 in the
intellectually normal group and 2,94 in the intel-
lectually disabled group.

Results

Efficacy

The overall improvement rating for generalized
seizures is shown in Table 3. The characteristics
of the seizures were different for the 2 groups.
Generally speaking, improvement was significantly
beneficial for persons of normal intelligence (80%,
P < 0.001), notably for tonic (89%, P < 0.001), and
generalized tonic—clonic seizures (87%, P < 0.01),
as well as other seizure types {80%, P < 0.05). For
all categories of partial seizures, the improvement

Table 3 Overalt improvement rating: generalized
seizures. ' .

Seizure type Improved (fedu_ction >50%
: of seizure frequency)
Intellectually Intellectually
normal disabled .
Absence - ) 3/4 (75%) None
Atypicat absence 4/8 (50%) - 6/19 (32%)
- Myoclonic seizure -~ ~3/6 (50%) . 23/43 (33%)::
~Tonic-seizure .. - . 16/18 (89%)™ . 28/77 (36%) ..
GTC .. . 26730 (87%)" . 21737.(57%) -
-QOthers - - 19/23 (83%) 14/28 ‘(50_%)"*
Total 71/89 (80%)™  92/204 (45%)

*P <0.05 **P <001, "*P < 0.001 between. the -
intellectually norma! and the intellectually dis-
abled groups, respectively; GTC = generalized tonic-
“clonic. '

Table 5. bve_e_rall i‘mprdv'ement rating.

Table 4 Overall improvement : réting: partial

seizures.

Seizure Improved {reduction >50%

type of seizure frequency) .-~
Intellectually . Intellectually
normal disabled

SPS 73789 (82%)™ 27/39 (69%)

CPS 146/170 (86%)™ 74/123 (60%)

SGS 131/150 (87%)™ 70/103 (63%)

Others 11/13 (85%)™ 375 (60%)

Total 361/422 (86%)™ 1747270 (64%)

SP5 = simple partial seizure; CPS = complex partial
seizure; SGS = secondarily generalized seizure.

" P <0.001 between the intellectually normal and
‘intellectually disabled groups. '

rating was significantly higher (P < 0.001) in the
intellectually normal group (86%) than in the intel-
lectually disabled group (64%) (Table 4).

Table 5 compares the improvement rating accord-
ing to the classification of epilepsy syndromes. The
improvement rating was higher (P < 0.001) in the
intellectually normal group (78%) than in the in-
tellectually disabled group (43%). In the intellectu-
ally disabled group, patients with partial epilepsy
showed a slightly better response than those with
generalized epilepsy (50% versus 36%, P < 0.01).

Table 6 shows the improvement rating for pa-
tients with various types of generalized epilepsies.
Primary generalized epilepsy was better controlled
by zonisamide (P < 0.001) in intellectually nor-
mal patients (91%) than in intellectually disabled
patients (58%). The improvement rating data for
partial epilepsies is shown in Table 7. Only tem-
poral lobe epilepsy did not show a significant dif-
ference in the improvement rating between the 2
groups.

Syndrome .« - Improved Unimbroved Total
Intellectually. normal Generalized 55 (82%)" - A2 (18%) . 67 (100%)
I Partial 256 (77%) Co75(3%) . 331 (100%)
Unclassified 3 (100%) C0(0%). 3 (100%)
R Total . - 314 (78%)™ 87 (22%) 401 (100%)
Intellectually disabled Generalized 54 (36%) 98 (64%) 152 {100%)
_ Partial 85 (50%) 85 (50%) 170 (100%)
Unclassified 2 (33%) 4 (67%) 6 (100%)
Total 141 (43%) 187 (57%) 328 (100%)

“p < 0.001 between the intellectually normal and the intellectually disabled groups.
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Table 6 Overall improvement rating: generalized epilepéies.
_ Epilepsies Improved - Unimproved Total -

Intellectually normat. PGE 43 (M%) 4 (9%) 47 (100%)

West syndrome 1 (100%) 0 1 (100%)

LGS 3 (50%) 3 (50%) 6 (100%)

Other SGE 5 (56%) 4 (44%) 9 (100%)

Unclassified GE 3(75%) 1 (25%) 4 (100%)

_ Total 55 (82%)™ 12 (18%) _ 67 (100%)

Intellectually disabled PGE 11 (58%) 8 (42%) - 19 (100%)

S West syndrome 7 (33%) - 14 (67%) 21 (100%)

LGS 7(21%) . 26 (79%) S0 33 (100%)

Other SGE . 26 (40%) .- - 39 (60%) 65 (100%)

' Unclassified GE T3 @1%) 11 (79%) 14 (100%)

- Total ' : 54 (36%)‘ ' .98 (64%) __152 (100%)

. PGE = primary’ generahzed epllepsy, LGS = Lennox-Gastaut syndrome, SGE = secondarily generahzed epxlepsy,

GE = generalized epilepsy.

P < 0.001 between the intellectually normal and the |ntellectual[y disabled groups

Table 7 Overall improvement rating: partial epilepsies.

- Total

‘ Epilepsies Improved - Unimproved
Intetlectually normal - - TLE 36 (65%) . o . 19 (35%) .55 {100%)
S NonTLE SATT AT AT (21%) .224 (100%)
~ Others S eEmT 91T . 52(100%)
LU Totat 256 (77%)™ 75 (23%) 331 (100%)
Intellectually disabled =~ TLE 12 (50%) .12 (50%) 24 (100%)
BRI - Non-TLE 61 (51%) . 59 (49%) 120 (100%)
- Others 12 (d6%) 14 (54%) 26 (100%)
Total 85 (50%) - 85 (50%) - 170 (100%)

TLE = temporal lobe epilepsy.

P < 0.001 between the inteliectually normal and the :ntellectuauy dlsabled groups.

Table 8 shows the relationship between im-

provement rates and age of epilepsy onset. In any

age group, the improvement rating was greater
(P < 0.001) in the intellectually normal group (78%)
than in the intellectually disabled group (43%).

Table 8 Oi.lerel-l. irﬁﬁfove'r_nerit rating.

Safety

Adverse effects were experienced by 21% of the
intellectually normal patients, and by 28% of the

intellectually disabled patients (see Table 9). The

Age of onset (years)

Improved (reduction >50% of seizure frequency)

Intellectually normal

Intellectually disabled

Total

<1
1-5
6—10
11-15

Totat

12/14 (86%)
60/83 (72%)
140/170 (82%)

102/134 (76%)
3147401 (78%)"

176 (17%)
52/120 (43%)
467100 (46%)
42/102 (41%)

141/328 (43%)

13/20 (65%)
112/203 (55%)
1867270 (69%)
1447236 (61%)

455/729 (62%)

P < 0.001 between the intellectually normal and the intellectuatly disabled groups.
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Table 9 Adverse effects of zonisamide.

 Total

~ Patients experiencin'g ' Patients experiencing
adverse effects (%) no adverse effect (%) ‘

Intellectually normal 86 (21%) 332 (79%) - 418 (100%)

Intellectually disabled 96 (28%) 245 (72%) 341 (100%)

Total 182 (24%) 577 (76%) 759 (100%)
"Table 10  Adverse effects of zonisamide: monotherapy vs. combination therapy.

Age of onset (years) Zonisamide monotherapy . . Zonisamide combination therapy - - Total

R T R 2/14 (14%) 3/6 (50%) - 5720 (25%)
A5 e 13/71 (18%) g 340142 (24%). S 47213 (22%)
6—10 15/112 (13%) o 481170 (28%) U 63/282 (22%)

1115
Total -~

14/70 (20%) .
441267 (16%)™

E 537174 (30%)

671244 (27%)

138/492 (28%) L 182/759 (24%)

“*P < 0.001 (monotherapy vs. combination therapy). - -

incidence of adverse events was slightly higher
in the intellectually disabled group, but there is
no significant difference between these groups. In
total, 24% of the 759 patients in this study experi-
enced some adverse effects.

In Table 10, a comparison of adverse events ob-
served with zonisamide monotherapy (16%) versus
combined therapy (28%) demonstrates that fewer
adverse effects were observed in the monotherapy
group (P < 0.001). There were no significant differ-
ences in adverse events between age groups, ex-
cept that in the combined therapy group of patients
under 1 year of age, the incidence of adverse ef-
fects was increased (50%).

Discussion and conclusions

Before the commercial licensing of zonisamide
in Japan, a placebo-controtled study in children
showed that the percentage of patients with a
50% or higher decrease in seizure frequency was
50.0% and 43.8%, by zonisamide and valproate,
respectively.* This study was done by 8 weeks of
cbservation. Our study of long-term observation
showed that the overall improvement rate was
62%, which was slightly higher than the placebo-
controlled study results. The patients evaluated
before launch had more frequent seizures—more
than 4 times a month. After commercial licensing,
zonisamide was also administered to many pa-
tients having infrequent seizures. The difference
of the efficacy of zonisamide before and after the
licensure is likely due to the background seizure

frequency of the patients. In intellectually normal
children, the overall improvement rate was thought
to be quite high (78%); furthermore, patients with
generalized epilepsy in the intellectually normal
group showed 82% improvement,

It has generally been thought that zonisamide
is more efficacious for partial epilepsy than gen-
eralized epilepsy.® It was reported that patients
who had some temporal lobe abnormalities verified
by EEG, computed tomography, or positron emis-
sion tomography responded well to zonisamide.® In
that report, zonisamide was effective for partial
epilepsy as well as generalized epilepsy with tem-
poral lobe lesions. In the present study, however,
zonisamide demonstrates efficacy for generalized
epilepsy equal to or greater than its efficacy for par-
tiat epilepsy. The patients with generalized epilepsy
who responded well to zonisamide might have had
some temporal lobe abnormalities.

n comparing the efficacy of zonisamide for intel-
lectually normal and disabled patients, zonisamide
was more effective for intellectually normal pa-
tients. In general, intellectually disabled children
have various kinds of central nervous system dis-
turbances, These disturbances relate to the sever-
ity of seizures in epileptic patients with intellectual
disability. However, even for intellectually disabled
patients, zonisamide had good efficacy for seizure
control. Zonisamide can be recommended for the
treatment of both partial and generalized seizures
in intellectually disabled children with epilepsy.

Treatment-emergent adverse effects were ob-
served to have almost the same incidence in the
normal intelligence and the intellectually disabled
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