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Summary: Purpose: To assess the biochemical properties of
band heterotopia in comparison with other cortical develop-
mental malformations (CDMs) by itsing proton magnetic reso-
nance spectroscopy (“H-MRS).

Methods: We performed localized single-voxel 'H-MRS
studies on 13 patients {five band heterotopia (BH), two focal
cortical dysplasia (CD), two unilateral CD, one bilateral peri-
sylvian dysplasia, three hemimegalencephaly). CDMs other
than BH were categorized as CD. Specira were acquired from
volumes of interest (VOIs) localized in the CD and in normal-
appearing cortex on the contralateral side. In BH patients, the
VOls were the external cortex and the laminar heterotopia. For
the BH study, spectra also were obrained from the cortex of
age-matched normal volunteers.

Results: The spectra of CD lesions were characterized by

significantly lower ratios of N-acetyl aspartate to creatine
(NAA/CI) and by higher choline to Cr (Cho/Cr) ratios thaa in
the contralazeral remote cortex {p = ©0.01 and 0.0l, respec-
tively). The NAA/Cr and Cho/Cr ratios of the external cortex of
BH were not significantly different from those of normal vel-
unteers, The NAA/Cr ratio of the laminar heterotopia was not
significantly different from that of the external cortex (p =
0.12) or normal volunteers (p = 0.60), whereas Cho/Cr was
significantly higher in laminar heterotopias than in the external
cortex (p = 0.04) or controls (p = 0.03).

Conclusions: "H-MRS can distinguish between the meta-
bolic properties of BH and CD. Key Words: Cortical dys-
plasia—Band heterotopia—Proton magnetic resonance

Spectroscopy.

Cortical developmental malformations (CDMs) are
caused by disruption of neuronal proliferation, migra-
tion, or cortical organization (1,2). They are clinically
important conditions, often accompanied by intractable
epilepsy and neurologic developmental deficits (3,4).
Band heterotopia (BH) is a CDM that is caused by dis-
ruption of neurcnal migration, and it is characterized by
extensive bilateral plates of heterotopic gray matter just
below the normotopic cortex (5). This subcortical het-
erotopia has unusual functional properties that are not
observed in other CDMs. Functional magnetic r¢sonance
imaging studies have shown that subcortical heterotopia
is activated together with the related externat cortex dur-
ing a motor task, suggesting that the heterotopia may be
involved in normal brain activity (6,7).
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Neuropathologic studies have demonstrated that cyto-
architectural derangement occurs in CDMs. The charac-
teristic abnormality in cortical dysplasia lesions is faulty
cell differentiation, which produces immature, abnormal
cells, such as giant neurons and bizarre glia cells, often
referred to as “balloon cells” (8,9). In contrast, the ab-
normalities in BH are mild, The heterotopic gray matter
consists of disarranged, but retatively well-differentiated,
pyramidal celis (5). These distinct functional and cyto-
architectural properties that distinguish BH from other
CDMs may correlate with different metabolic conditions.

Proton magnetic resonance spectroscopy ("H-MRS) is
a noninvasive way to evaluate metabolic conditions in
tissues in vivo (10). MRS signals in the brain change in
various pathologic conditions, such as metabolic dis-
eases, brain neoplasms, epileptic foci, and CDMs (11),
although BH has not been fulty addressed. In this study,
we used localized single-voxel 'H-MRS to investigate
the metabolic profile of BH, and compared it with other
CDMs.

Y -
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METHODS

We studied 13 patients (12 female and one male pa-
tients) with differemt types of CDM (Table 1). The pa-
tients’ ages ranged from 1 to 34 years (average, 16
years), The objectives of this study were explained to the
families and to the patients when possible, and informed
consent was Obtained.

The disorders were diagnosed from MR imaging
{MRI) findings, with reference to a previously proposad
MRI classification scheme (12). Because patients 3 and 4
were not strictly classified in the scheme, they were ten-
tatively diagnosed as having unilateral cortical dysplasia.
In both cases, the MRI showed hemispheric hypoplasia
with multiple abnormal rough shallow gyri. Recently,
Caraballo et al. (13) and Pascual-Castroviejo et al. (14}
proved that unilateral polymicrogytia consisting of a hy-
poplastic hemisphere with diffuse abnormal gyri was
polymicrogyria by using three-dimensional MRIs and
histology, Patients 3 and 4 most likely belong to this
category, although further consideration is required. Fo-
cal cortical dysplasia (CD), unilateral CD, and bilateral
perisylvian dysplasia were categorized as CD and com-
pared with BH.

Proton ("H)-MRS signals are highly age dependent,
especially in the first few years of life. Age-dependent
changes are prominent in signals of N-acetyl aspartate
and choline-containing compounds, whereas those of
creatine and phosphocreatine are relatively stable
throughout life (15). Therefore age-matched coatrols
might be required. Because our CD patient group con-
sisted of young children, the ethical problem of heavily
sedating healthy children prevented us from making an
age-matched control group. Therefore in this study, we
compared the MRS signal of the lesion with that of the
remote, putatively normal, contralateral cortex in the

same patient by using a paired nonparametric test. By
contrast, the BH patients were older, so normal healthy
volunteers could be used as age-matched controls for
BH. The control group consisted of five normal velun-
teers: three men and two women, with ages ranging from
8 to 34 years (average, 21 years).

'H-MRS studies were performed at Tohoku University
Hospital by using a 1.5-T MR unit that allows both im-
aging and spectroscopy (Magnetom Vision, Siemens),
After obtaining conventional images in the axial, coro-
nal, and sagittal planes, single-volume 'H spectra were
obtained from a 1.5 x 1.5 x 1.5cm vozxel within CDM
lesions and from the contralaieral remote cortex as a
control. Because of the laminar shape of the subcortical
heterotopia of BH, the shape of the voxel was modified
to 1.0 x 1.5 x 1.5 cm. Because peak intensity is propor-
tional to the concentration of the substance, the change in
voxel shape did not aiter the signal ratios (11). Instead,
the volume reduction might have reduced the signal-to-
noise ratio (11), although the peaks were very recogniz-
able in this modified voxel, as shown in Fig. 3. In the
age-matched control group for BH, spectra were ob-
tained from 1.5 x 1.5 x 1.5-cm voxels located in the
parietal or occipital cortex, The repetition (TR) and echo
(TE) times were 1,500 and 135 ms, respectively. After
global and local shimming, and optimization of the
water-suppression pulse, data were collected 128 times
for each voxel and averaged.

Intense signals in the spectra were noted at 2.0, 3.0,
and 3.2 ppm. The signal at 2.0 ppm is thought to be
derived from N-acetyl-containing compounds, mainly
N-acety] aspartate (NAA), whereas the signal at 3.2 ppm
is from choline-containing compounds (Cho), and that at
3.0 ppm is from creatine and phosphocreatine (Cr) (13).
Because the Cr signal is homogeneously distributed
throughout the brain and is relatively stable, even in dis-

TABLE 1. Clinical features of patients with cortical developmental malformations

Seizure

Sex Meatal
Case (yr) Age Category MRI diagnosis Onset Type Frequency EEG findings retardation

1 F 1 CD FoalCD RPL) 1yr BTS Oyt Focal sp (R:aT-mT) -

2 B 9 CD Focal CD (bilateratFL)  Syr CPS tiday  Diffuse HVS, focal sp (RipF) +

3 M 9 cb Unilateral CD (R) 4yr GTC 1/day Focal sp R:0) +

4 P 15 CD Unilateral CD (L) 2yr GIC 1iday Focal sp (LiF, O, R:mT) +

5 B 20 CcD Bilateral perisylvisn CD  6yr CPS 1/day  Focal sp (Bilat;pT, F-aT) -

6 P 1 CD Hemimegalencephaly (R) 1mo 5PS 1/mo  Focal sp, sp-w (R;F, O) +

7 F 19 CcD Hemimegalencephaty (R} 18yr CPS 3wk  Focal sp, sp-w (R;0) +

8 F 27 [8ib) Hemimegalencephaly (L) 2mo CPS, GTC, MC Skt Focal sp, sp-w {(L:F} +

9 F 9 BH Band bheterotopia 8mo CPS Simo  Focal sp (L;pT-0, RO) +
10 F 14 BH Band heterotopia 2yr Muliiple (Lennox)* day Diffuse slow sp-w +
1 F 21 BH Band heterotopia 4yr Astatic, CPS S/day  Focal sp, sp-w (L;C) +
12 F 24 BH Band heterotopia 6yr SPS,CPS 3day Focal sp (LT, pT, O) +
13 F 34 BH Band heterotopia 3mo Multiple (Leanox)* >10/day  Diffuse slow sp-w +

CD, cortical dysplasia (see Metbods); BH, band heterotopia; R, right; L, left; PL, parietal lobe; FL, frontal lobe; BTS, brief tonic spasm; CPS,
complex partial seizure; GTC, generalized tonic—clonic seizure; MS, myoclonic seizure; SPS, simple partial seizure; sp, spike; sp-w, spike and wave;

HVS, high-voltage slow wave,

4 Multiple seizure types include SPS, atypical absence, atonic, and tonic seizures.
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TABLE 2. 'H-MES mewabolite ratios

CD( =28 BH (n = 5
Contsaiateral Age-matched control
Lesion remole cortex Heterotopic layer External cortex (normal cortex)
NAA/ICr 1.46 £ 0.37 202 £ 046 165+0.21 1.72£0.22 1.84 £ 0.09
Cho/Cr 1.14£023 0.85:0.14 0.87 £ 0.13 0.65+0.11 0.60 £ 0.53

Values are presented as the average + standard deviation (SD).

CD, cortical dysplasia; BEHL. band heterotopia; NAA/Cr, N-acetyl aspartate to crealine; Cho/Cr, choline to creatinine.

ease, il is often used as an internal standard (11,15).
Therefore, the peak amplitudes of these three signals
were measured and analyzed in terms of the NAA/Cr and
Cho/Cr ratios.

The NAA/Cr and Cho/Cr ratios for CD lesions and for
the contralateral side are plotted in the figures, and the
summarized data are presented in Table 2 as the average
+ standard deviation. Statistical differences between the
CD lesions and the contratateral normal cortices were
assessed by using the Wilcoxon signed-rank test, a
paired nonparametric test. This test also was used to
compare the subcortical heterotopia with the external
cortex of ihe BH patients. Subsequently, the Mann--
Whitney U fest was used to examine the difference be-
tween the external cortex or subcortical heterotopia and
the cortex of normal volunteers.

RESULTS

Figure 1 shows a representative spectrum from CD
(pattent 3). Because NAA and Cho signals are age de-
pendent (15), the "H-MRS signals of the lesion were
compared with those of the contralateral remote cortex in
the same paticnt. Compared with the contralateral remote
cortex (Fig. 1A), the NAA/Cr ratio was reduced in the
lesion, whereas the Cho/Cr ratio was increased (Fig. 1B).
The results for the eight patients with CD are plotted in

Conzol

Fig. 2. The NAA/Cr ratios in the CD lesions were sig-
nificantly lower than those in the contralateral remote
cortex (Wilcoxon signed-rank test, p = 0.012; Fig. 2A).
In contrast, the Cho/Cr ratios in the CD lesions were
significantly higher than in the contralateral remote cor-
tex (p = 0.012; Fig. 2B). The average NAA/Cr and
Cho/Cr ratios for the CD lesions are listed in Table 2,
Patients 1 and 6 were l-year-old children {(shown by
open circles in Fig. 2). The NAA/Cr ratios for the con-
tralateral remote cortex (Fig. 2, Contra.) in these cases
were lower than those in the older CD patients, whereas
the Cho/Cr ratios were higher, which is in line with pre-
viously reported developmental changes in MRS signals
{15). In these patients, the NAA/Cr ratios also were re-
duced in the CD lesion, and the Cho/Cr ratios were in-
creased.

The NAA/Cr and Cho/Cr ratios of the external cortex
of BH patients were not significantly different from
those of the normal cortex of the age-maiched controls
{Mann-Whitney U test, p = 0.12 and 0.60, respec-
tively). Figure 3 shows representative spectra from the
external cortex and the heterotopic layer of BH (patient
11). The NAA/Cr ratios of the heterotopic layer were not
significantly different from those of the external cortex
(Wilcoxon signed-rank test, p = 0.50) or the conteol
group cortex (Mann-Whitney U test, p = 0.12; Fig. 4A).
By contrast, the Cho/Cr ratios of the laminar heterotopia

FIG. 1. 'H-magnetic resonance
spectroscopy (MRS) spectrum
acquired from a 9-year-old boy
with focal cortical dysplasta. The
localized volume of interest (VOI}
is outlined on the magnetic reso-
nance Image (inset). Measure--
ments were made of the remota
’ normal cortex (A) and the dys-
] plastic lesion (B). The reso-

(1A 1] i

K
h

nances of choline (Cho} at 3.2
: ppm, creatine (Cre) at 3 ppm, and
N-acety! aspartate {(NAA} at 2
ppm were detected in both cases
with differant signal-intensity ra-
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FiGi. 2. The summarized ‘K-

magnetic resonance spectros- .

copy {MRS) results for the cottical

dysplasia paiients. A: N-acelyl as-

partata (NAA)/creatinine (Cr) ratio

in the dysplastic cortex (CD) and -
in the contralateral remote corlex 5]
as a control (Contra). The NAA/Cr 5
ratio in CD was significantly lower

than that in Contra (p < 0.01). B: Z
Cho/Cr ratio in CD and in Contra.

The Cho/Cr ratio was significantly

slovated in CD (p < 0.05). Lines i1 F
connect the data from the same
patient. Open circles are the plots
of t-year-old patients (see text).

< 0.01

B

p<0.05

15

Cho/Cr

05

0 1

Conira.

were significantly higher than those of the external cor-
tex (Wilcoxon signed-rank test, p = 0.04) and the con-
trol group cortex (Mann-Whitney U test. p = 0.03; Fa.
4B}, The average NAA/SCr and Cho/Cr ratios of the het-
crotopic layer. external cortex of BH, and conlrol group
cortex are suimmarized in Tabie 2.

DISCUSSION

In this study, the NAA/Cr ratio was significantly de-
creased in the CD lesions, compared with the contralat-
eral remote cortex. This result agrees with previous MRS
reports concerning CD (16-18). CD lesions contain mor-
phologically abnormal newrons, whereas the density of

A

Cortex

FIG. 3. 'H-magnstic rescnance
spectroscopy (MRS) spectrum
acquired from a 21-year-old
woman with band heterotopla.
The volume of Interest (VOI; in-
set) for the heterotopic area was
modiiied because of its laminar
structure (1.0 x 1.5 x 1.5 c¢m).
Measurements of the external
control cortex (A) and laminar het-
erotopia (B) were made.

] 0 L L
CD Contra. CD

neurons and pha is normal (16). These neurcns have
unusual electrophysiologic properties (2,19), Immunocy-
tochemically, there is a delay in the developmental
switch from the «; to a, subunits of y-aminobutyric acid
A (GABA ) receptors, and expression of the 2A (NR2A)
N-methyl-p-aspartate (NMDA) receptor subunils also is
delayed, suggesting functional immaturity of the neurons
(20, ‘These abnormalities in neuronal maturation may
underlie the reduced NAA signal in the CD lesion, rather
than neuronal loss or secondary gliosis.

Another significant finding in CD in our study was the
increased Cho/Cr ratio in the lesions. Cho is a constituent
of the phospholipid metabolism of cell membranes and
may reflect membrane turnover (i1). The Cho signal

Epilepsia. Vol. 44, No. 3, 2003
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tends 1o be highest in very young infants (15); therefore
the increased Cho/Cr ratio in the CD lesions suggests
that there is increased membrane turnover and tissue im-
maturity. A previous article reported that the Cho signal
is decreased in the CD area (18). Although the reason for
this discrepancy remains unknown, a possible explana-
tion may lie in the difference in the age of the patients. In
our study, the patients with CD were younger than those
in the previous report (18). The Cho level in CD might
change with age, presumably in a manner different from
that of the normal brain. Further study is required to
clarify the metabolic differences between other CDMs
and to assess age-dependent changes in the MRS signal
of CD lesions.

BH is characterized by a laminar heterotopia that is
mainly caused by mutations in the doublecortin gene in
Xq22.3 (21). Histologically, the external cortex appears
nearly normal, with the usual six layers (5). The heterotopic
band consists of morpholopically differentiated pyramidal
cells that are randomly arranged (5). Fluorodeoxyglucose
positron emission tomography (PET) and single-photon
emission computed tomography (SPECT) findings showed
similar glucose metabolism ard blood flow in the het-
erotopic band and normal external coriex (22), whereas
these studies showed variably abnormal patterns in other
CDMs (22,23). These histologic and functional findings
imply fewer metabolic abnormalities in BH than in other
CDMs. OQur study revealed that the NAA/Cr ratio of the
laminar heterotopia did not significantly differ from that
of the external cortex in BH or of the normal cortex of
volunteers. Previous studies have shown that the NAA

Ipilepsia, Vol 44, No, 3, 2003
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p<0.05

FIG. 4. The summarized 'H-
magnetlc resonance spectroscopy
(MRS) results for the band hetero-
topla patlents. A: N-acetyl aspar-
tate (NAA)creatinine (Cr) ratle in
the cortex of a nomal volunteer
{Con.), in the extemal normal cor-
tox of the patlents (CTX), and in
the laminar haterotopla {H}. There
were no significant differences in
the NAA/Cr among Con., CTX,
and H. B: The choline (Cho)/Cr ra-
tlo In CD and Con. The Cho/Cr ra-
tio was significantly higher in H {p
< 0.05), whareas no significant dif-
ference was sesn between Con,
and CTX. Lines connect the data
from the same patlent. N.S,, no
significant difference.

p<0.05

N.S.

Con.

CTX H

signal from subcortical heterotopia ranges from normal
to below normal, suggesting that the maturity differs
from case to case (17). A few cases of BH have had a
normal or slightly decreased NAA signal (6,17). A recent
functional MRI study reported that finger tapping acti-
vated both the normal sensorimotor cortex and the lami-
nar heterotopia facing it, suggesting that the laminar
heterotopia of BH has specific synaptic connections with
the external cortex (6,7). Synaptic stimulation may fa-
cilitate neuronal differentiation in BH (24). By contrast,
the Cho/Cr signal was significantly higher in the hetero-
topic area than in the cortex. The intense Cho signal may
result from unusual Cho turnover. Another possible ex-
planation is the presence of bundles of myelinated fibers
projecting from the neocortex to remote brain areas,
which pass through the laminar heterotopia (5). As
shewn in MRS spectra of the white matter, myelinated
fibers have a relatively intense Cho signal (15); therefore
these fibers may enhance the Cho signal from the larni-
nar heterotopia.

This study revealed that the "H-MRS signals of BH
were relatively normal, suggesting that neurons in the
heterotopic tissue of BH are relatively well differenti-
ated. However, BH is often associated with intractable
epilepsy, although the motor and mental impairment in
BH is less severe than in other diffuse CDMs. Therefore
the results of MRS do not predict the severity of the
epilepsy in BH. In CD patients, there also was no obvi-
ous comelation between the metabolite ratios and the
severity of the neurologic symptoms, as in previous re-
ports (16-18); therefore the MRS data are thought to
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correlate more with developmental abrormalities or tis-
sue disorganization than with the clinical severity of the
disease in the patients.

The tissue of CD consists of abnormally developed
cells and is highly epileptogenic (19,25). By contrast, the
heterotopic neurons in BH are relatively differentiated;
consequently, the mechanism for the epileptogenicity of
BH might be distinct from that of CD. Interestingly, in
the tish rat, an epileptic model rat for band heterotopia,
the heterctopic neurons have aberrant connections with
neurons in the external cortex (26), and the external cor-
tex is responsible for ipitiating the seizure discharges in
heterotopic tissue (27). In BH patients, intraoperative
electrocorticography with a deep electrode showed that
clinical seizures arise in the external cortex, whereas
electrical activity in heterotopia does not produce clinical
seizures directly (28). Focal surgical removal of the pu-
tative epileptogenic tissue in BH patients produces inad-
equate results, even in the presence of a localized
epileptogenic area (28). These experimental and clinical
reports sugpest that epileptic activity is not simply gen-
erated within the heterotopic tissue. The abnormal neu-
ronal network formed by the heterotopic neurons might
be responsible for the epileptogenicity in BH. Further
investigation is required to clarify the mechanism of epi-
leptogenicity in BH.,

REFERENCES

1. Aicardi J. The agyria-pachygyria complex: a spectrum of cortical
malformations. Brain Dev 1991;13:1-8.

2. Kuzniecky RI, Barkovich AJ. Malformations of cortical develop-
ment and epilepsy. Brain Dev 2001;23:2-11.

3. Dobyns WB, Truwit CL. Lissencephaly and other malformations
of cortical development: 1995 update. Neurcpediatrics 1995;
26:132-47.

4. Kuzniecky RI. Neuroimaging in pediatric epilepsy. Epilepsia
1996;37(suppl 1):510-21.

5. Harding B. Gray matter beterotopia. In: Guerrini R, Andermann F,
Canapicchi R, eds. Dysplasia of cerebral cortex and epilepsy.
Philadelphia: Lippincott-Raven, 1996:81-8.

6. [annetti P, Spalice A, Raucci U, et al, Fuactional neuroradiologic
investigations in band heterotopia. Pediatr Neurol 2001;24:159—
63,

7. Pinard J, Feydy A, Carlier R, et al. Functional MRI in double
cortex: functionality of beterotopia, Neurology 2000;54:1531-3.

8. Robain Q. Introduction to the pathology of cerebral cortical dys-
plasia. In: Guerrini R, Andermann F, Canapicchi R, eds. Dysplasia
of cerebral cortex and epilepsy. Philadelphia: Lippincott-Raven,
1996:1-9.

9. Spreafico R, Battaghia G, Arcelli P, et al. Cortical dysplasia: an
immunocytochemical study of three patients. Newrofogy 199850
27-36.

10. Novolny E, Ashwal 8, Shevell M. Proton magnetic resonance
spectroscopy: an emerging technology in pediatric neurology re-
search. Pediatr Res 1998;44:1-10.

11. Castillo M, Kwock L., Mukherji SK. Clinical applications of proton
MR spectroscopy. AJNR Am J Neuroradiol 1996;17:1-15.

12. Whiting S, Duchowny M. Clinical spectrum of cortical dysplasia in
childbood: diagnosis and treatment issues. J Child Neurol 1999;
14:759-71.

13. Caraballo R, Cersosimo R, Fejerman N. A particular type of epi-
fepsy in children with congenital hemiparesis associated with uni-
lateral polymicrogyria. Epilepsia 1999,40:865-71.

14. Pascual-Castroviejo [, Pascual-Pagcual SI, Viano J, et al. Unilateral
polymicrogyria: a common cause of hemiplegia of prenatal origin.
Brain Dev 2001;23:216-22.

15. Pouwels PJ, Brockmann K, Kruse B, et al. Regional age depen-
dence of human brain metabolites from infancy to adulthood as
detected by quantitative localized proton MRS. Pediatr Res 1999,
46:4T4-85,

16. Kuzniecky R, Hetherington H, Pan J, et al. Proton spectroscopic
imaging at 4.1 Tesla in patients with malformations of cortical
development and epilepsy. Neurology 1997,48:1018-24.

17. Li LM, Cendes F, Bastos AC, et al, Neuronal metabolic dysfunc-
tion in patients with cortical developmental malformatious: a pro-
ton magnetic resonance spectroscopic imaging study. Neurology
1998;50:755-9.

18. Simone [L, Federico F, Tortorella C, et al. Metabolic changes in
neuronal migration disonders: evaluation by combined MRI and
proton MR spectroscopy. Epilepsia 1999.40:872-9.

19. Avoli M, Bemasconi A, Mattia D, Olivier A, et al. Epileptiform
discharges in the human dysplastic neocortex: in vitrg physiology
and pharmacology. Ann Neurol 1999;46:316-26.

20. Hablitz JJ, DeFazio RA. Altered receptor subunit expression in rat
neocortical malformations. Epilepsia 2000;41(supp! 6):382-5.

21. Des Pories V, Francis F, Pinard JM, et al. Doublecortin is the
major gene causing X-linked subcortical laminar beterotopia
(SCLH). Hum Mol Genet 1998,7:1063-70.

22, lannetti P, Spalice A, Raucei U, et al. Punctional neuroradiologic
investigations in band heterctopia. Pediatr Neurol 2001;24;159-
63. '

23. Sasaki K, Ohsawa Y, Sasaki M, et al. Cerebral cortical dysplasia:
assessment by MRI and SPECT. Pediatr Neurol 2000;23:410-5.

24. Katz L.C, Shatz CJ. Synaptic activity and the construction of cor-
tical circuits. Science 1996;274:1133-8.

25. Matbern GW, Cepeda C, Hurst RS, et al. Neurons recorded from
pediatric epilepsy surgety patients with cortical dysplasia. Epilep-
sia 2000;41(suppl 6):5162-T.

26. Schottler F, Couture D, Rao A, et al. Subcortical connections of
normotopic and heterotopic neurons in sensory and motor cortics
of the tish mutant rat. J Comp Neurol 1998,395:20-42,

21, Chen ZF, Schottler F, Bertram E, et al. Distribution and initiation
of seizure activity in a rat brain with subcortical band heterotopia.
Epilepsia 2000;41:493-501,

28. Bemasconi A, Martinez V, Rosa-Neto P, et al. Surgical resection
for intractable epilepsy in double cortex syndrome yields inad-
equate results. Epilepsia 2001;42:1124-9.

Epilepsia, Yol. 44, No. 3, 2003

- 461 -



LONG-TERM FOLLOW-UP STUDY OF WEST SYNDROME: DIFFERENCES
OF OUTCOME AMONG SYMPTOMATIC ETIOLOGIES

SHINICHIRS FHarano, MD, PHD, MANABU Tanaxa, MD, Mia MocHizu, MD,

NOBUYOSH SUGIYAMA, MD, AND YOSHIKATSU ETO, MD, PHD

Objectives To evaluate the outcome of West syndrome and to elucidate the differences in the outcome related to the timing

of brain injury.

Study design Medical records of 60 patients who were followed regularly for more than seven years were reviewed. The
following clinical features were assessed: onset, seizure evolution, electroencephalography and intelligence. Those variables

were compared among five groups: cryptogenic, prenatal, preterm, tern, and postnatal groups.
Results The onset ages of the postnatal group were later than those of the others (

P < .05). The relapse after adreno-

corticotropic hormone therapy of the preterm group was the earliest among the groups (P < .05). Regarding encelphalography,
the ratio of patients with focal discharges was higher in the postnatal group than in the prenatal group (P < .05). The ratios of
patients in whom focal epilepsy developed were higher in the term and postnatal group than in the eryptogenic and prenatal
group (P < .05). The term group showed similar characteristics to those of the postnatal group. Seven of the 60 had normal

intelligence, including three girls with tuberous sclerosis.

Conclusion The diverse outcomes of West syndrome depending on etiology seemed to be related to the timing of brain

injury and brain development. (J Pediatr 2003;143:231-5)

est syndrome, an intractable epileptic syndrome, has a wide range of
Wdcvc]opmcntal outcomes from normal to profoundly impaired.™? It is

classified into cryptogenic and symptomatic groups, and the latter is usually
divided further into three categories: prenatal, perinatal, and postnatal groups.? The
eryptogenic group includes patients with good outcomes®® On the contrary, in the
symptomatic group, some diagnoses (malformation/dysgenesis, early infections, and
tuberous sclerosis) have worse outcomes.” The varied developmental outcornes of West
syndrome are thought to depend on its miscellaneous etiologies. West syndrome is an age-
dependent epileptic encephalopathy related to brain maturation. Features such as the
electroencephalography (EEG) findings and outcomes are also considered to be associated
with brain maturation.* However, it is unknown whether the timing of brain injury
influences the features and outcome of West syndrome. We investigated the long-term
outcomes of 60 patients with West syndrome, and report the outcomes of the perinatal
group that differ according to gestational weeks.

SUBJECTS AND METHODS

We retrospectively reviewed the medical records of 60 patients (32 boys and 28 girls)
in whom West syndrome was diagnosed and who were examined regularly for more than
seven years by pediatric neurologists at Saitama Children’s Medical Center, Saitama, Japan.
West syndrome was diagnosed in the patients with both epileptic spasms and
hypsarrhythmia. Investigations were performed on every patient to identify the etiologic
factor of West syndrome. These included neurologic and ophthalmologic examinations;
EEG performed before, during, and after treatment; brain computed tomography (CT) in

ACTH Adrenocorticotropic hormcne EEG
cT Computed tomography MRI

Electroencephalography
Magnetic resonance imaging
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Table I. Ages at decision of outcome and onset of 60 patients with West syndrome in each etiologic category

Perinatal
Total Cryptogenic Prenatal Preterm Term Postnatal
No. of patients 60 13 23 I 7 )
Gender (M:F) 32:28 67 13:10 5:6 52 33
Age at decision of outcome o) 12.3£4.1 11.5+44 12748 12239 124228 122+35
Preceding seizure 8/60 0/13 5/23 1l 117 16
Onset age of epileptic spasms (monr.'h)’ 6724 65£45 46217 8.7+28! 5834 13.1 258

*Data expressed as meant SD.
{Significantly different from cryptogenic and prenatal groups (P < .05).
1Significandy different from cryptogenic, prenatal and term groups (P < 05

all patients and magnetic resonance imaging (MRI) in 47
patients; biochemical and metabolic tests including urine
amino acids and organic acids; and chromosomal analysis.

All patients were treated according to the following
protocol. First, sodium valproate (30-50 mg/kg) was admin-
istered for one to two weeks, If no improvement was obtained,
pyridoxine (10-30 mg/kg) and/or clonazepam (0.02-0.04 mg/
kg) were added successively. When these administrations
during two to four weeks failed to control the spasms, synthetic
adrenocorticotropic hormone (ACTH) was given intra-
muscularly at 0.015 to 0.02 mg/kg/day for two weeks. While
the patients were receiving ACTH, the previous medications
were continued. Natural ACTH is not commercially available
in Japan; therefore, we use a synthetic analog of ACTH
considering 1 mg of synthetic ACTH to be equivalent to 40 IU
of natural ACTH. The effectiveness of each drug was esti-
mated on the frequency of spasms and interictal EEG findings.
“Good response” was defined as both achievement of dis-
appearance of spasms for more than one month and resolution
of hypsarrhythmia. If none of the above treatments could
control the spasms, various drugs, including gamma globulin
and thyrotropin-releasing hormone, were administered.

The medical records of these 60 patients were reviewed
for the ages at onset of epileptic spasms, other concomitant/
preceding seizures, evolution of seizure type, interictal EEG
recordings including, if applicable, ictal recordings, seizure
frequency, and developmental status during follow-up. The
developmental status was evaluated using several conventional
tests appropriate for each developmental state (Tsumori-Inage
developmental questionnaire, Kinder infant development
scale, Tanaka-Binet Intelligence Scale, Japanese Wechsler
Intelligence Scale for Children-Revised (Japanese Wechsler
Intelligence Scale for Children-III). The outcome of de-
velopmental status was classified by those examinations into
four categories: normal (IQ, DQ_= 75), mild retardation
(50 = IQ, DQ.<75), moderate retardation (25 =1Q,
DQ < 50) and severe retardation (1Q, DQ_< 25).

The cryptogenic group was defined according to the
following criteria: normal pregnancy; normal development and
no eventful past history before onset of epileptic spasms; no
preceding seizure before epileptic spasms; no abnormality of
brain CT and/or MRI; and no focal abnormality on neurologic
examinations. The symptomatic group was classified into

232 Hamano et al

three etiologic subgroups depending on the timing of pre-
sumed causes: postnatal group, perinatal group, and prenatal
group. The postnatal group consisted of etiologies that oc-
cured after one month, with no perinatal abnormality. The
perinatal group included brain insults caused by neonatal
asphyxia, intracranial hemorrhage, hypoglycemia, and re-
spiratory distress syndrome. Moreover, we divided the peri-
natal group into two subgroups: term group (born after 37
gestational weeks) and preterm group (born before 37 gesta-
tional weeks). The prenatal group included the patients with
etiologies before birth, ie, cerebral dysplasias, chromosomal
aberrations, multiple congenital anomalies, intrauterine ab-
normalities or inherited disorders. When two or more sympto-
matic etiologies were suspected in one patient, we classified
him into an earlier etiologic group; for example, when a patient
with a brain anomaly had perinatal asphyxia, the patient was.
put into the prenatal group. e

The Mann-Whitney U test or Fisher’s exact p'ro.babﬂ_ify
test were used for statistical analysis. Differences were
considered significant with a P value of =.05.

RESULTS

Table T shows the number of patients, average ages at
decision of outcome, and onset of epileptic spasms in each
etiologic category. The prenatal group consisted of tuberous
sclerosis {6 patients); Down syndrome (3); progressive
encephalopathy with edema, hypsarthythmia, and optic
atrophy syndrome (2); hemimegalencephaly (1); focal cortical
dysplasia (1); microcephaly (1); ring 4 chromosome (1)
porencephaly (1); and unknown (7). All of these patients
presented developmental delay before the onset of the spasms,
and three had preceding seizures. Two were also had
quadriplegia, and one had congenital visual acuity loss without
progressive brainstem-cerebellar atrophy. A family history of
epilepsy was presented in one. In the patients classified into
the preterm group, two patients were born between 24 to 28
gestational weeks, 6 between 29 to 32 gestational weeks and 3
between 33 to 36 gestational weeks, respectively. .

All patients of the preterm group had respiratory distress
syndrome and/or asphyxia during the perinatal periods. CT
and/or MRI of the patients of the preterm: group displayed
periventricular leukomalacia in 8 patients, scvere brain atrophy
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Table Il. Response to ACTH therapy

Perinatal
. Total Cryptogenic Prenatal Preterm Term Postnatal
No. of patients treated with ACTH 44 10 18 6 5 5
Good response to ACTH 36/44 810 14/18 5l6 55 415
Relapse of any kind of seizures 29/36 7/8 B/14 55 5/5 414
Relapse as epileptic spasms 1329 i 418 345 175 2/4
Duration prior to relapse {mo) 19.5+27.0 263+29.0 23192259 29:1.5 18.8+24.1 203269

Duration before relapse after ACTH therapy expressed as mean ¢ 5D.
*Significantly different from all the other groups {P < .05).

with ventricular enlargement in one, severe brain atrophy with
porencephalic cysts in one and severe brain atrophy in one,
respectively.

The term group included the patients with lesions caused
by neonatal asphyxia in four, intracranial hemorrhage in two
and hypoglycemia in one. The postnatal group consisted of 4
patients who suffered from bacterial meningitis and 2 who had
subdural hematoma. CT and/or MRI of the term group and
postnatal group showed diffuse cerebral atrophy accompanied
by varied enlargements of ventricles, with or without focal
Jesions such as low density/abnormal intensity arca in the
thalamus, putamen or cerebral cortex, and calcifications.

Preceding seizures before the onset of spasms occurred
in five cases in the prenatal group, which was a higher
frequency than in the other groups; however, it was not
statistically significant (Table I). The onsct age of epileptic
spasms differed among the groups. The average onset age of
the prenatal group was the earliest, followed by those of the
term, cryptogenic, preterm, postnatal groups in order of age.
That of the postnatal group was significantly later than those
of the others. And that of the preterm group was also
significantly later than those of the cryptogenic and prenatal
groups. Adapting conceptional ages for the preterm group, the
average onset age became 6.3+3.0 months old, which was not
significantly different.

Initial valproate achieved cessation of spasms and
improvement of hypsarthythmia in three patients and the
combination of valproate and clonazeparmn was effective in 10
patients. One patient responded to vitamin B6. Response to
ACTH therapy did not differ between each group, and relapse
of spasms after ACTH administration occurred most
frequently in the preterm group, but was not statistically
significant (Table II). The duration before relapse of seizures
of the preterm group was significantly the shortest among the
groups (Table II). Regarding the patients in whom ACTH
therapy failed to control seizures, effective therapies were
ketogenic diet in one patient of four to whom it was
administered, and gamma globulin therapy administered to
one of 11. Five patients were treated with thyrotropin-
releasing hormone; it failed to control seizures in any.

The cryptogenic group comprised three patients with
normal development, and the prenatal group included four
patients with normal development, respectively (Table III).

Lang-Term Follow-Up Study of West Syndrome: Differences
of Outcome Among Symptomatic Edologies

= AGT -~

Six of them with normal intelligence were femnale, the other
one was male and cryptogenic. The patients with normal
development of the prenatal group included three with
ruberous sclerosis and one with 2 small porencephalic cyst on
the right temporo-occipital border. The patients with severe
retardation in the cryptogenic group were significantly fewer
than those in the prenatal and the postnatal groups. More than
60% of the patients with symptomatic West syndrome had
severe mental retardation.

Regarding follow-up EEG, paroxysmal discharges
disappeared in 7 of 13 cryptogenic patients, and that frequency
was significantly higher than that in the term group (Table
TIT). Four patients of 6 (66.7%) in the postnatal group and 4 of
7 (57.1%) in the term group manifested focal paroxysmal
discharges. The ratio of patients with focal discharges was
significantly higher in the postnatal group than in the prenatal
group.

Twelve of 60 patients (20.0%) achieved remission of
West syndrome and did not relapse during follow-up. In 25 of
60 patients (41.7%), West syndrome developed to localization-
related epilepsy. All of the patients in the term group relapsed
as localization-related epilepsy. The ratios of patients in whom
localization-related epilepsy had developed were significantly
higher in the term group and the postnatal group than in the
cryptogenic group and the prenatal group (Table I1I).

Ten patients (76.99%) of the cryptogenic group had no
seizures during the last year of follow-up. The ratio of patients
without seizure during the last year showed significant
differences between the cryptogenic group and the prenatal
group, and the postnatal group (Table III). The seizure-free
periods of the 10 eryptogenic patients ranged from 4 years
3 months to 12 years 9 months. Their intellectual outcomes
were normal in three, mild retardation in two, moderate
retardation in four, and severe retardation in two.

DISCUSSION

This retrospective investigation not only confirmed the
poor outcome of patients with West syndmme,"z'9 but also
revealed the differences in the outcomes among symptomatic
etiologies, especially concerning the perinatal group. Previous
studies have examined the long-term outcome of patients with
West syndrome, focusing on the effect of the ACTH and
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Table 1. Outcome of 60 patients with West syndrome

Perinatal
Total Cryptogenic Prenatal Preterm Term Postnatal
(n) (60) (13) (23) (1) (M 6

Intellectual outcome

Normal 7 3 4 0 0 0

Mild retardation 5 2 | I | 0

Moderate retardation 13 5 3 3 | |

Severe retardation 35 37 15 7 5 5
Paroxysamal discharge

None s 7! 5 2 0 |

Diffuse 9 | 6 ! 0 1

Multifoct 16 ot 8 5 3 0

Focal 20 5 4 3 4 4
Evolution of epileptic syndrome

Lennox-Gastaut syndrame 7 | 0 0 I

Other generalized epilepsy 16 4 8 3 0 1

t ocalization-related epllepsy 25 2 6 3 7 450
Seizure frequency

Daily to weekly 20 2 1o i 3 4

Monthly 12 | 5 3 2 i

Seizure-free during > year 28 10° 8 7 2 |

*Significantly different from prenatal and postnatal groups (P < .05).
1Significantly different from term group (P < .05).

{Significantly different from prenatal, preterm, and term groups (P < .05}
§Significantly different from prenatal group (P < .05).

|| Significantly different from cryptogenic group (P < .05).

antiepileptic agents,®® the difference between cryptogenic and
symptomatic groups,9 and various factors probably influencing
prognosis, including etiology.>** Matsumoto et al pointed
out the differences among cryptogenic, prenatal, and perinatal
groups.2 Cryptogenic West syndrome had a better prognosis,
as in our study. Concerning the outcome among symptomatic
etiologies, Table II showed an obvious discrepancy of relapse
after ACTH therapy. The more important findings are that
there were significant differences in the duration before relapse
between the preterm group and the others (Table II). ACTH
therapy may be inadequate for keeping the patients of the
preterm group seizure-free. This may depend on factors
concerned with cerebral white matter. ACTH therapy likely
alters the water content in the white matter, especially
periventricular white matter.’® Another factor is the vulner-
ability of the brain of preterm infants. The brain injury of
preterm infants, will be localized in deep white matter,"!
These relationships have been obscure; however, Konishi et al
emphasized a certain connection between epileptic spasms and
periventricular hypc*.rintensity.10 Okumura et al. revealed that
West syndrome is one of the common complications of
periventricular leukomalacia.® Periventricular white matter
must have an important role in the facilitation and/or
inhibition of epileptic spasms.

Our data has a therapeutic implication. For long-term
follow-up, seizures were eventually controlled in more than
half of the patients of the preterm group, similar to the
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cryptogenic group, whereas seizures were controlled in less
than half of the other symptornatic groups (Table III). The
preterm group showed the tendency of earlier relapse after
ACTH therapy and better control of seizures for the long-
term compared with the cryptogenic group. ACTH therapy
will be occasionally accompanied by complications such as
hypertension, brain shrinkage, cardiac hypertrophy, and
infections.)***1® Maeda et al reported permanent damage
to the developing brain caused by ACTH.? Considering the
risk of permanent brain damage and the limited effects of
ACTH for the patients of the preterm group, other medi-
cations should be selected as an initial treatment for the
preterm group. -
The dosages of ACTH therapy in Japan, in this study
also, are less than those used in the United States and Europe
because synthetic ACTH has more adverse effects -than
natural ACTH.® Vigabatrin is considered to be a useful agent
for West syndrome with tuberous sclerosis®®; however,
vigabatrin has not been available commercially in Japan.
Topiramate, lamotrigine, and felbamate also have not been
available. Such restrictions may influence the outcomes in this
study, especially the outcomes of seizure control. But Ito et al
reported that low-dose ACTH therapy is as effective as higher
doses of natural ACTH.® Lamotorigine, topiramate,- and
felbamate are usually reserved for cases intractable to ACTH
and/or vigabatrin, and vigabatrin is limited because of its
retinal toxicity except for the cases with tuberous sclerosis.”
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Therefore, we considered that differences in therapy had little
influence on our results.

In the perinatal groups, the term group showed similar
features to those of the postnatal group. Both groups showed
the tendency of localized distribution of paroxysmal discharges
and evolution to localization-related epilepsy during long-
term follow-up (Table III). The differences in onset age
among the groups, shown in Table 1, also probably indicate
necessary periods for regeneration after brain injury and
organization of epileptogenicity. The later onset age of the
postnatal group would reflect pertods to reconstruct neuronal
circuits in and around lesions, and that of the preterm group
may imply the necessity of brain maturation to some extent for
the occurrence of West syndrome.

The three girls in this series with tuberous sclerosis had
normal intelligence in this series. The three male patients
with tuberous sclerosis had mild to severe retardation. The
prognosis for the prenatal group is usually considered to be
poor. Riikonen described the group with tuberous sclerosis to
have had the worst outcome.® However, Yamamoto et al
mentioned 4 of 25 patients with tuberous sclerosis accompa-
nied by West syndrome had normal intelligence.2 We should
consider that tuberous sclerosis, which belongs to the prenatal
group, will differ from other prenatal etiologies, especially in
fermnale patients.

Responses to ACTH, seizure frequency and evolution of
epileptic syndrome were different among the symptomatic
groups; however, mental outcomes were less differerit among
thern (Tables 11 and ITT). More than half of the patients of the
preterm group had no seizures for one year at least. In the
cryptogenic group, 76.9% of the patients had no seizures
during one year, and their seizure-free periods ranged from 4
years 3 months to 12 years 9 months. But their intellec-
tual outcomes were not very good. The cryptogenic group com-
prised four patients with moderate retardation and two with
severe retardation. These findings suggest that seizure control
is essentia), but does not ensure a good outcome.
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Midazolam treatment of status epilepticus In epileptic children
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(FHT), MDL @ EMHERAL, “hbTEBTERWEEI
thiopental 2 42222 FRILL Tz, 428, MDL O
Bi#ScroFot SRS A —SOER TIH2E 8 B
ORI MDL2HE—R
RELTHV:, MDLO S E
IEE TEOIETHY, i -
EOHSCRERMLE, T PhE

EnBRERABNE, B2 FT 15 HEREHEIZ0.06me/ks/
hr OB LE, $5iZ, MDLEARRIIIMERY, Lhe
EHIT AN AT F A I — TR RMELZ 2R T =S —
L, MESI R EFETHAL BRICERLTIZ0.03
~ 0.06mg/kg/br 02 ~IRFRBICHRL -, ¥, $1
MR R PITF MR R RARDILRL, THRnIcfh
MEEL, T, FHHOTHHEINIEAFHETIIMDL
BE% 155 URICTVhA BT BRELSEEHR, 7
EHETI 4R EREOFEERDS Y, HEFLEE
43 BRRILARIC B R A DAV OEE LT,

723, midazolam ITHVRARIEICH T ABEES
BLLTEARTHAHREEC OFATRELH - &ICE
KL=,

R

R LT IEFHOTAD AR MDL 2 S EE R
DR, AN RTERMEME TADAM MBS LRSS
FEW, TORENIEEETADAL o, BESIIBT
HEHATORMEEE, PRETA»AIEREBIP REH O
MIROEE, EWHER, HHREREMDLERMORT
ADAEER2ITR LR, o8, MDLOBIRNEATIZ 22 i
CBRWTHGBRILTERSN S, HERTHKRIZERE
NOBESTHELBIREE4RIR, 48 TIIE LBIR, 3K
SOHESRIR, 2SS TIRE6BRREBLLTHERShT.

F1 TANALENHOMILIESHER, B5RER

ol VEAR) IEEER (FH)

MDL 0.15-0.40mg/kg & 1 ~ 2
St OREL, TEICH
HRNERLZVEI SIS
BELTHBWIEEL (1)
WARE), DIEARRENA
ZNCER TR AL ELHL

FEMRM: SR TADA

S4#ES (224) 0.2~ 18.4(4. D5

6HEE (6B 0.9~ 10.9(3.5)5%

EE1Z, 0.06~0.18 mg/ke/br
DEEETMDL OKkiaES

RIEEETT I a=—TADA

9HS (4D 1.6~ 8.9 (3.6) 5%

PsELYc, FHEERTERATRICT £

4342 (264 0.2~ 18.4(4.6) 5%
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HA/ RN RSN S W15 20034

TS TYIRIE AREMR{TDA, #EFRELIL0.15~
0.40 mg/kg DIEIE CEHTHL0.22mg/kg 72072, IH 151
STIEEBIC 1 ~ 2R S LT 0.15 ~ 0.90me/ks.
T 0.35me/kg bipoTn, 28 M4 (75.7%) THMIE-
= FIE ASHERG RIS -1 28 B D56 LOBE IR
HEFEXP, RO 18HE TOHRG| SHEFHERHEA T
b, 18ES ORI EMERIL0.06 ~0.24mg/ke/br,
F470.18mg/ke/hr TFEotz, BIEFROLD TR THIR
Eh5HSCHY, Rki5iL0.06 ~0.60mg/ke/hr, T
Y3 0.27Tme/ke/hr L2 ot, FEEEERIERFRIZ 4 ~ 288 F3fi),
EHC51.3 B ot B iR EEE L RIZSY
Hihble o= B LR S Te 13HS (72.2%) IZBV TR RLRT
BRIt 2B, PMEAREREHE IR
CHEHER T T AR AL R, '

m oIz 6 A TIRMANC Lo T TADAERRBIE R
#%iC B T85 B T MDL R g M Thh ., Thbé
H2T10.12 ~ 0.48mg/kg/hr, TE490.25me/kg/hr THREE
FHEABIAL, BARERIT0.12~0.72 mg/kg/br, FHS
0.33mg/keg/hr T, REHIRIIZ3 ~ 06 KFR], FHy3L.8H5R]
Thot=, “OIYEL 1B CIIFFES I ARICRIEN AR
LA ftic Lo TRfET Ty ba— - CEMDLEFGHENHZ
ot 2HESTIIEREL, FOoRLRFEE=Vr—AER
FES, ROOIBEIERLRGRELE,

EERIEVThOEFORFEREET (Sp02TT0~
BOA) T, PMINIEASEEITHS Y 2 (5.4%), FH

F2 BMWOREEE, NBRE. BRIERE

HHtaiO R IEME B 1 ER 23
Wiz 1EELE 20
PURELTA DA Bl 1452
2L, I 20HE
BZP OHIR HARZEL 26
PARSHY 1742
HEBE MUE, R 25 K2
A 12
B 1He
pN 1642
HIARAED T T VLS
FEE g A 5HE
MDL £ A TAMAZE
& #: DZPAH| 292
PB &% 4
BZP &7 I
pis pze | soHE
lidocaine B
PHT 108E2:

TR 24 S P 3 S (12.5%) TR, MHEEARE
B BS AR AME T LI 2 821X dp—EMRRED B OB
BEEIROFE—REHT, ThER O TR, 4RO
LCHELE, 5 f130.5me/ke, 0.4mg/kgT, i
MERICELTHAEIAEDT, EEIENTHLL, =
OEGFILESIZIhD 28 ST 0.45me/kg & 0.3mg/ kg D FHS
bz, ThbO e TIIBEREAEOIETZR
BTREYNThoT,

S TR MEDE TAROI SBR05hL 2 S
HEA—ORNESEBOTELHERFATH L, THhE
RO BHERER KRS 113 0.24mg/ke/br (R—IEFITH
BT282), 0.48mg/ke/hr (AT TRIEHMEHRE Z4M
W AFHER ST AT LR TSRS NIER]) 720
fo. IBFCLTREEOSHE RO 2BS TR T2 HE OB
FHREXLHELL, BIOUME THEF -1 Ofd
3| &5 thiopental D H L2 A TRHRE 27,

23 1oTRT I TADAERR S, BEEITRIERLE,
HIRATADAZE (BEIDSAD, BIPOFE), K56
g, EMEE, BRRBERIIPLTEREOENLHL)
BNLE, RILEATERELE21E0R 1885z, 85.7%
TS A B ENE D D HL, FEORD-115
BOTITOBE, 60.0%DFMR Thod Fs FHIR A
HEIIEHLL Dok, TOMOBRFIZBALTLHREER
RBbhihol,

B, DS AGIREDE o OB SIT BV TERE
R EIL 7= AN 4 HS T lidocaine, ThER 2HER
CPHT & thiopental, 1¥&TDZPEofz, FIHRIZEHRIE
PN o7 THESIT 351 T thiopental 2% 3 #%, lidocaine
LPHT BMEhTh 2 TaHRIE »,

ER

MDL O@E L= O AERNICEL T 1980 0o #
XN TIN5, 1083 410 Kaneko 623 DZP XY 3<hichiid
WhAVERZ MDL BAL TV AL EM EBRTHRLIY,
1987 SEIZEETF AR 1R 20 oL MDL D F03 8 ARFE
BRALN, BERICKEISEMENSEShY, TORT
TV A BT A MDL ORI OF AR T
EMOPERRENTY, BBETLE/NLIZIYMDLO
BERERREBEESI S, TOFMMEESMIIIX TS
TRIRESLL 228D, Rivera bhd/RiT WA ER 245
OEEFHHTIL0.15mg/kg DM MAFREIF | EHEE, 0.06
~ 1.08mg/kg/hr (CE¥90.138mg/kg/hr) OFFHERHERITV
LHITH BT 729, Koul O TH/NR 20 F120.15mg/
kg OFIEMN AZRIEICD 26X, 0.06~0.3mg/ke/hr (1
0.12mg/kg/hr) OFFGEREERITV IS %OBEERLST LR
XN TS, RFTHENDL, ILELANROHVRA
EH(I- MDL OFFEERHER 1TV EME R 2< 80 % L EDH
HETh-oT-EHEL TV, S EOKEHICWTHHHE
ABEOLOBAICBIT5EDRITT5.T% T, AR
TEIC 8| XA R R T o I CHE 1B 2R 13 L 72.7
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QDR o, TRETOREOES L, YHNEHATRE
IR &G R E AT o T WA ST RENE ST CEEM
THIERH SN, AR AmSEL b, bk
DOIHCBEOREOEITMIPEATHENSF & E R EE
FHEZIT> TS, SEIORHMTH, —HBokslaiin
WY LD S AT BT Th>T, MRk
AT ZESEME RE A FE MM N TS AT Er
wERMEAITDolz, ZOLHMINE AR RO L TR
BHERITOA o H RS, OWBEARERT -
1= 2844 TI0HES: (35.7%) IZDiEolz, TRETHH
WAFHED L TEHELTWAEE 2, LAl Galvind
i, 2BV RABREY S T 20 oy ARSI MDL
YA IO THBA LA EIT 100 %I b
L, —HOEHTHEROMEARLEOL T A2 RS
AZEERLTWAD, ERFHCBITIBIERORBERERL
IR AGERCIL 2B /3T (5.4%) Tholudiz
AL, FEEEEFERACIT IS /24E (125%) &, Fk
ERiERE CRIVER DR AR E D ol TINEAREE S
BEOHISOLRREEBERIThTIZEALI L, FE
FHERHCEER OREMBERETHVILES L HbED
& BESERITOSEIDELER IS LA OR5iEs
THWTAREEBbh, DR ELRMRE, RMRO&R
HEITHORE TRV TALADRIERN T, IFHA
FHECRENEBU B S ITRHERTDR{THL RV

AAYIGIRIEH S HeE F15 20034

SPRENIHZH T RETCHASD, BT ORALSVER
FEA 5t G L~ MDLIERO A MICE 2« DI FHOT
{3 MDL FELEMED R L 47.5 IR Th -7z
L, S EORF TGRS 318 BRI L0
fzo THHTADPAREETRHICE O TR EIRED LI
AL AR E AL T SO B LYY,

Bty R b e Al I ORI AT RI2 B AR
BERTEBbhd, ARFO-HOESIL, MHEA
TR R TR RN O RLREL., £O
HE, BERTEThLT, TOERORERRLLMoLY,
Claassen H>% MDL S#HIERE DR EOLE BHEL A THY
AR IE NI B R FE AR BE CHIUEIT VY, RSB R
i2doT, BIEEFEERITOO BT T S EFELVE
Bbhifo, SOIZ5[EBEriERRRLLESYD, #
BiErEP LEOR R HIET T 25X CTIHERERXTIETH
2_').‘3'11)°

BIfERICL CRERMMEORETAROLLN, Rtk
HEERFOBENE Do BT R T, BRRSIZET
AR EE A e, BELHRERTHRNELIEDIL
&, A—EG TRER Ssh - igs TREDLR -
TEmh, RSB RS ROGHCIEVER X ECH
BIEFL T B0 TR, EF0EHRELRY ToMo
BRAKEL, HFEBRECFHERCOERICEE TS~
FLBbht, ZOfRiverah®, EJIED, LEFGS DHlE

%3 BREALMMBARILHRIIOAME

......... YOMEARRE | FERE

A% L ED | wRR | AR | BB | AYE

ek et | ) | e Bal | (%)
ThmARK AREEAI=—TADA | 6 0|100.0%)] B 3| 66.7%.
TERIEREMIIETADA | e2i el mo%| 1l 4 73.3%
e HEETAMA B .5\ 6L5%| e 1] 87%
____________________________ BEASETADAL 20 O 100. ¢ % 11 1] 50.0%
T gmmchal 8l 2[00 3l 2] 60.0%
AR REOBEEEECANA 4 2| 66.7%] 1 1 0[100.0%

ERmIRAERE EICIERE 20 7|.741% s S 3] 75.0%
i lEsE T e Co 2 800%7 5 583%
PIRACA»AR S BN § 5| 58.3% 4 1] 80.0%
R o1y 4l sa0%| 131 6] 68.4%

BZP AR iﬁb _________________ 18 71 72 0"@ 95_ B 3 __7_@.0%
BHY T e T 2 e | e 4! 66.7%
B ERHER gl 13} 7] 65.0% R 5| 66.7%
3EERIN ) s A XA 7} 2| 77.8%
HRBE B, 8 8 3[85.7%| 9 6] 60.0%
mg 1 0[100.0%] i 0[100.0%
e A i 0|100.0%| 1P 0[100.0%
L I T 6| 57.1%| & 1| 85.7%
MR BT 25 9| 73.5%) 14: .. 5[ 13.7%
e cnr e ol100.0%| 3i 2| 60.0%




BA/RHERERECHE ek F1E 20034

THREMEMAIZIESHT, Parent HOEY T4 #ild 1 HIiC
MEETFEROTHBIZTERD, WU ELIhETH®R
HAN-HBHOR S R&TH, BEROME R HMIE
<, HoTHEHRLO TR, BIERI+REEL
THATHEMDLIIE2ICAWAILBTERLEDRS,

IHETRATEMSMDLIZERABHERL L, %
eI EERERFHAERRTVRAETSHD, L
L. T 200047 A ICEPBRICBIT AN THR GO
SiEHor L TR ENER ATV R AR Iz
LTHBEEBMPAOER IS Ty, 36T, B4
|, FAR, LR, SHIEENRII TR
FEsL XN Tz, MDLOEV L ELEEZE LR
ARSI EALBISh, FEESRETSNATENEERD,

Yoshikawa S A BERROH —RIREEL TMDL
R4, FOHPHERRELMDLEE —BRIRELLTHWS
RELRARTVWAED, HHHEORWREeTTERILE, A
TR EEAES DIV BEEREERIT 2R nhofz
TERELDLERRELLTOER LIRS RE&T
HHEB/ X BN, i, TIAEATEOL TR
BOISENESTERBE Sl BERISE
TEBKEDSLILRZE DD, SHOBBEL T, BEed
HoBMEELIZEEARTRLESIEOH RBLURHE
OWEE R, FEFELET AR, ROUICRE
BEMIBROHES, FLTHA~OEELHMr 550 H
WeEZ LN,

BHEE ARSI A S T R E RGO M L HEEREER
MRTE CRTAEASERAR R R {0l
s,

Sk

1) Kaneko S, KurahashiK, FujitaS, FukushimaY, Sato
T, Hill RG. Potentiation of GABA by midazolam and its

therapeutic effect against status epilepticus. Folia Psy-

chiatr Neurol Jpn 1983 ; 37 307-309.

2} Galvin GM, Jelinek GA. Midazolam : an effective intra—
venous agent for seizure control. Arch Emerg Med 1987;
4: 169-172.

3) RiveraR, SegniniM, Baltodanc A, Perez V. Midazolam
in the treatment of status epilepticus in children. Crit
Care Med 1993; 21 : 991-994.

4) Parent JM, Lowenstein DH, Treatment of refractory
generalized status epilepticus with continuous infusion of
midazolam. Neurology 1994 ; 44: 1837-1840.

5) Koul RL, Aithala GR, Chacko A, Joshi R, Elbualy
MS. Continuous midazolam infusion as treatment of stat—-
us epilepticus. Arch Dis Child 1997 ; 76 : 445-448.

6) HNAR.IFV/FRILHTVHAREREOER. H
/NERSERTE 199710 40-43,

7 Bk, RRE, DNROTOhAEBRRRICHE T
% midazolam R A FHEO T AL, BMLRBE 1998,
30: 290-294.

8) WFEERNT-, FNIFA, EDR. DIRIETHEE R
BUEWC 3D midazolam FFEFFEFIEOMN. ML
iE 2000;32: 73-75.

9) MBERER, WMGEHRT, Sz, REMRE, K
#2 PO RARBYEICH T2 midazolam FERRH S
OIETEN R, BEESIE 1999 ; 34 : 200-203.

10) MEFE—BL, S2AEE, BIUEE, BRE, KReE
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TB, Mayer SA. Centinuous EEG monitoring and mida-
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BT WA BRREICIT T 4 midazolam GED

BRAR B9RET
REE-E B ¥

R %4 B EE #BER &K

EY Midazolam (MDL) MEBRENNETONABREIIN T IR LRI L. 4556, 53
5484 (LT, #%) CMDL HEARESTON, SRXFRIITH035 £ 022mgke T, 42
S (792%) THEME o, 209 529 #STHREAGECREFREHENTOR . 5

EFHEE T 0.06 ~ 0.60 mgkghr (F3) 030 mg/kghr) TT24%W /R L 270,

FEBIEOFEYES

B3 b ERLAOESHEMT0s% o4, T4, BRSRESRFTEITFECHREAREO
ATEM o7, EMEBIE SHBECERELNEST, | SATHEPIITEBRELXE L. PHEW
WHAEMREIZB T MDL 38, EeHomE T ChAERTHE LB

BYLEE midazolam, HWRAEHE, MTAPAE, TAPARK, R

(= S VIR s I e

1983 #£4Z Kaneko & AEIFEERIC X T, midazolam
(MDL) 212 diazepam (DZP) & B4 Civciiife
NAEEMNEBZ L ERLA. 1987 £6 Galvin &
OMELRE, HORARE HCHWHABRRICH
+ % MDL OEERENFH e, £OHFDE
tREHIINT AFMIIBIL2285. LMLE
FRTIE 2000 £ 7 A ICEPEFICBITD AINES
DRI L TidER At s hisd, fitvwh A
ERNZH LTI MAN E 2 R STy,
BADOHBRTREANTEOENEE REMMNRE
X7z 1997 E£LLEIC MDL 2 vwh ABRIKEIZER
LTHEY, $EiEMDL OF M & LT LT
B, ThETOLERICBITLERERE T
LHEET L.

TEHERYARESR LS —HEH

TR SEHAGRH

4% T 339-8551 BMMEA 2100
WEB S NBERE - R
E-mail: 21091 1 TO@pref. saitama. jp

(%44A 2002, 7. 16, SHE T 2002, 12, 9

1 MREFE

1997 4210 A 1 B~ 2001 £ 12 B 31 HOMBIZHWR
ABKCAESELS 16 R, 098 AOARER
fRsrn, ML R L4 ER (B276l, Z18
), o6 EDAEIZBITA MDLIRSES (BT,
Eolmt) £k L. Ihe QESOBRER
Ihvwh AEMOEREE, MDLIRSNELD, 98
HABERLSENER, H50HE, MDL LUHZER
L2 TAS AR, %600 MDL OBIFER & £ 03din
FWELI

LB TIRHITONABRBOMLE LT, DZIPEE
— BRI E LT, LEITBHEOYE T lidocaine,

-phenytoin (PHT), MDL ¥ #EMRAL, Zhb TEHE

T & VB A thiopentat 3 ERTI I EEEAELT
v b, MDLOMERBETTOREMEIMEE SN
foEESITIE 2 @B LIy EFREF (L MDL % B —RIRE
ELTHAWwWAZELH o7, MDLIEXO1S ~ 040 mghke
Fl~28rHwos W BETIZLEL, BREUE
DHETRSICHERIERLLWIBEITHELEARNE
LTHRVC EE L AR, MMEARIE
MNEDTCERFHALE LY LASE1, 006~
0.18 mg/kghr x5BT MDL OFHEMFELAGL, 2
{EOSTEIE T 15 F4RAE T 142 0.06 mgkemr 3703
ByBIEEGFEME LA &512, MDLERABIEE

A4~



2003 4E 7

WE, ik EBIZINAF XL A—F —THFEBR
Eeelteoy— LA, Bt TIE003 ~ 006
mghkghr ¥0 2~ 3EECLEELL. 48, Y
P BRG] 8 A KHE TiE MDL #5254 15 S RAPIS
HOR ARSI L6 2 H, FEHETII 24
BERTLL ESPEN BSE E BT, lch k% 48 FERIEAA
IR ERO VL OERHE LI

58, midazolam (3/NE~OFERIZE L THERRE
ThHLOEERIIAELEL.

305

I # B

1. MDL {EH#EOEEFRFH

HOhABROEEEZSRE I CRTEIKTA
PADIESELOBENEED, BRENEARS
MeH ot s BV TRE TARAL o2, REREF
51X 0.2 ~ 184 BT, FHTR TR >4 MDL
OMYEARES L UREBFEMIER shRT
A AL DZP M A A 44 #84, phenobarbital 22|

$1 HONABRROERESRL MDL 544t 27 #%, bromazepam LA 3 WA THF ENT
prey men (mmm) Vo BREETIXDZPACSIBE, lidocaine & PHT
ey G RE (260 HEREFNLISHEETHEA STV,
CERERERARTAA T Wk Gk WEBAMECONT
Ry AP Sy B 1 O MARHE L HRMEOTDIARD -
mmEaAa T TTIERE G EMBSORNEERAETRY. 53T MDLY
e e W ARHEAST DR, MBS R 015 mefkg ~
s TS 61‘»&‘_"_"(-6-51—)“ 0.40 mgikg THFHTIL 022 £ 008 mgkg TH o1,
YT IRy e o B1Om 2 RATERHEDHEMRY EE L.
SR EEEA | BRBL) DM LT 035 £ 022
-'.;__&E;.:L.'-_"E:: .................... g.-_(.'.ﬁ-- (0.15 ~ 0.90) mghkg T, 4218 (792%) BT
Ao P— AR UM ok B2EEMEABEONERSREE
ENFOES 188 UM g Rsiomeme Ry, DERSEE0I ks
il ans WH  prespisosae (e Rg) Eao, &
3 MDLF#ERFE B MDLYNA R AN E
12184 IetES 258 SR i)
‘ 1B ol
Blligf LS fé&-g; 25t & e
(5202 1) ofts
S 201 B ¥
Bl se olRs ¥io 3 ,211?% RS El‘ﬁﬁg
s e JECTE SN - ! ¥ (5202 1)
(52021) Bk EifeA ) SEAME
= s - sins
:'; |(Sa024 ) | Si T lﬁﬁl
: 285 | apa " —
HEER -
Thiopental 448 & RE
Lidocaine 41%% 33
Phenytoin 413 % EIH’ﬁE 'l'hic:p:ﬁ;i?ﬂm Sli&%
. 184 . Lidocaine 4184
(R E M) Phenytoin  1#%&
- *r\r Dinzepam &
,,ﬁéjiﬁ MDLEI R A
_ AHE DA
134

g

Midazolam #FHIHL ARME L FRBEO 7D —F v — }
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HE R

5113 0.5 mpkg DT THAER O 88.1% (3742
M4 # O T, OPTHEEERHEL TV
WMefol: 17THED Y S 2SS TIEOMIESaA
0.2 mghkg NFTh otz (£2).

FHAKE o 28B40 BHETHRIOGRDE
Bamtidfrbhidroto, DEOREOERELE
HTFCRABRIIHTIERIR T L/, 2
no BHRETHWERSTRIL 03 mekg LT A 12
#BE (923%) T, #E5ES 05mykg LTA 12
e (923%) Thotz (F2).

BEafELET (Sp0, T80%E) THEIEM
2185, 4pEBREOR—EFTRDLY, thE
N0, % 78N, 4BHRFOATEELL. 202
BEORERIIFNEFN 03 mekg & 0.2 mghkg DEE
hiE LiE, 02mghkg @2 MiESHT, JuhAERK
EHLTHMEEEYT, R#EREDHTH-- (B

F2 MDL¥HIEA

Wik st MasdE H45
1), SOEMHIBESIZIEPD 2ET 015 mpkeg D
25 k0.3 mg/kg & 0.5 mg/kg DB % 55
fibhsed, ThoOBETEIEM%2OTH%
THot:.

3. BEBERECOVWT

P ARENE N o 2 50 b 98BS
THEFSFEFEMTOAA (K1), FHREHER
JEE1X 0.06 ~ 0.48 mgfkg/hr (33 0.18 mg/kg/hr)
T, RBFETIIHEEFERERICRIENEIEL 0.06
~ 042 mpfkgmr BB S h, BAEIL0.06 ~ 0.60
mg/kgmr (FH0.30 mghkghr) & Lot YRS
2184 (7124%) T, BAER 0.06 ~ 0.60
mgfkghe LS T L OENKE (BERIIE G0
Lz (23). HFBEL LI RICRIEOTER T
P, TORRELEET P O-LEBLSES
th 7{2&H0.24 mpkghr LT CRBLTED, 030

=
350

HEEROESHER

5 & BERAN (HHELN | HHERSORHESN | MHRARENLOH ARG
mg/fkg pEESE | £Rs5k |vERsk| &SRk VRS R L= s
61<, S02| 31 (28 16 (13) 12 ] g 4
02<, 03[ 19 (19) 20 (15) 4 4 4 4
03<, %04 3(2) 7 (5) 1 4 1 1
04<, 505 o {0) 4 {4) i) 4 0 3
05<, %06 0 (@ 0 (0) 0 0 0 0
06, £07 ()] o (0} 0 o 0 0
07<, =08 o (o) 1 0 1 0 0
08 <, =09 o (o) 5 (40 0 4 i} 1
308 53 (42) 53 (42) 17 17 13 13
3 MDLFHERESROKFSHEY
g og | TSREN (FRESY | MEEFHLL-LRER | SRBESRSES
{mg/g/r) Pt Bt LTS =F mad | epsl | mAR
<042 3 (5) 4 (4} 1 0 10 6
0.12<, 2024 18 (14) 1n (® 6 0 23 14
024 <, =036 2 (1) g (5) 1 5 3 10
036 <, =048 LN Q) ¢ o 2 2
048 <, =060 0 {0 5 {3) 0 3 0 5
060 <, =072 0 (© o {0 0 0 0 I
&t 29 {21) 29 (21) 3 ] k}: Kt}
f, ¥ MDLIRERICTI SRS HmmiEThits Rank

¥ % 1 Z AT R{EAEIE L A& 12 MDL H

P T DN RSB B L
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BEH

2_ ——

L :I H. I (&
=12 224 S48 572 S9 S120 120
MDLIZE- WM {hour)

E2 Midazolam FHEFHEOFH ML & 500
OO hiES, MR S

~060mg/kgmr T THBLENE hod (F3).
BHEEORSHIMIL 4 ~ 288 BER) (¥ 49.0 1%
B} Thotz, E2020F L9512, HEEENED
o722 #6809 LIS HBEA T2 FERALIPIAC 19
Be (905%), 4BMEATE 1SS (714%)
HEHTw (H2).

AR A RIS | K A FFRAHEA YT h LRI,
MFTRENEE L I BSIIBVWT O ERTHE
B9 MDL FriEkfiatirhis: (F 1), HEemEn
PEE 1L 0.09 ~ 048 mgkemr (F3 0.21 mg/kgthr)
T, SBESTUHRAVBERLEESLEARSRG
0.09 ~ 0.72 mg/kg/he (T 0.29 magkp/hr) &4 -
7o, ThO BSOS 3 ~ 140 E (T
4008 7o/, BRSSP IS TRREEOER
44, MDL##EBiIdmEP L&/, BRL
1oS58BanH Y, | S TIMEIZ L D BIE L
Liz. 2883 BEMRAOREZVEE, o214k
STHREIZ 2D TRIEGEIELH S
THENCEEE ko /.

FEBETCUHIBSCRERAZEDE, BXE
0.35 mg/kg/hr, 130 BEMES LA 1 & Tl ARS
CTFBRELELS, BRE—HPEL, Lhaik
P ETHELYE, RYDIBE (D bR
ZREI—EF) B VTHEHEERIEQNERT (5p0. T
70%%) 2EHL. FhEhoiFgioRkiRs
BiE 024 mgikpmr (2 B&R—FERL), 0.48 mghkghr
(1) 2oz, 201 #4 T MDL 358l
12 thiopental 3FI 5 E 4 ) ATIHRER L Lo 12,
B O OR—ERO 2 53 72 BEOBETES EEI
7. COEFRBETHONREERB CEECHRE
ERTH-o7.
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HWRABERIZBY S MDL OFZEICM L TiE
TTUSRBESR, TOHEMEILIL0 ~ 100%L &
L Tvab ¥, Holmes & I pentobarbital # i & %
L, MDL FHASHEDBWATMEE L bl Chve%
SHLFHMPLTWEY, SEOHmEIBH20ME
ABEoLOHEHEIL 92904, ThIToOR
HEng CEMNBAREY 671 3 & S FEREE
FILTHY, DHRAKEDSTFEL TV LEE
A %W, Galvin i3 2FIOTVWRAERE S
20 Bl AR MDL 2 MM A BT O A TR
ALAEMEG IR RELTVWEY, 40
BHTBESEBCTRINEAEOATEYT
Hot. BEESOILI0BENTAPATHI:
ZEhe, QUERE, BRLEOETEORETS
VPN B TR ERFEETLL{TH RV
HHBDL, IORBEHEERELEIHETIIBVT
PR R EE LR s R T EbIE, iR
O—WOEFITLEHREL M, MEEARE
BEEERECERERSEEONERERR LW,
ChHOESITRFRBTEE TR o L2 RED
BRIt holz™, Claassen b i3 MDL E#8FED
P EECREMBELTWISSIIERT AW
HABVEBEREOCEEHEHATwI W, 40
ORETRREROBREISRHEBETL OB Lo 12
OT, PAEARERBERENTE CHNET
v, BRERTRICL o T & ERFERBELTH 14
BithZEMTFE LnERbit,

MMEABEORSEIMLT, DEK5ES
02 mgkg TIIENEBELTLELTIBEVELS
=, ¥f:, MDL M EAREN T TH o 248
£OH 0N REIRGREL 03 mgkg LT, £%5
R 0Smghg LT ThHols, S6IZHNMEARIT
DHATHERBEELELE LD o B8 BT
NINAFBI T Chol. Lo THRFEEEL
Ti2 02~ 03 mgkg T2 ARG LA S 2 LA
HAETONRHEILXT2ELEZLN,

FEEICHL TROEABER T 0.15 me/ke 2
BEL., SlaRAFRGELITI RS ™ olbiz,
Feo ETHEICER T CRSBE LA THIHED
$H L. Claassen b " RIS E L LT 003 ~0.50
mefkg, Kumar 5 ' {3 0.02 ~ 0.42 mg/kg 2 WAL A
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