Table 2 MRI data for patients with encephalitislencephalopathy with reversible central splenial lesion

Initial MRI Follow-up MRI
Patient
no. Secan date Lesion Shape TIWl TIWI Gd DWI ADC Scan date Lesion
1 Day 3 (0 SCC Extended I s1L NE NE NE Day G None
2 Day 3 (0) 8cC Extended alH sl L — H L Day 60 None
1 Nay 8 (D) sCC Ovoaid stH i NFE NE NE Nay & None
4 Dy & (1) SCC Ovuid sl H I NE H L Day 13 Note
5 Day 3 (0) SCC Extended sl H I NE H L Day 7 None
6 Day 4 (1) 8CC Extended sl H I NE H L Day 8 None
7 Day 3 (2} None
Day &5 (1) 8CC Ovoid sl I1 slL — 11 L Day 20 None
8 Day 3 (2) SCC Ovoid st H 1 — NE NE Day 25 None
Day 8 (2) 8CC Extended slH I NE NE NE Day 12 None
10 Day 7 (3} scc Extended H [ — NE NE Day 14 None
1" Day 3 (1} sCC Faxtended sl H I N NE NE Day 30 None
12 Day 10 (8) SCC sl H I NE NE NE Day 40 None
13 Day 7 (4) 5CC Ovoid H L — NE NE Day 15 None
14 Day 7 (1} SCC Ovaid 44 siL NB 1I L Day 11 None
15 Day 4 (2} sCC Extended slH slL NE H L Day 8 None

Sean date (days after CNS manifestations). T2WT = T2-weighted image; TIW! = Tl-weighted image; Gd = gadolinium enhancement;
DWI = diffusion-weighted imaging; ADC = apparent diffusion coefficient; SCC = splenium of the corpus callosum; H = high intenasity;
sl L = alightly low intensity; NE = not examined; sl H = slightly high intensity; L = low intensity; [ = isointensity.

tration in any of the five patients who received contrast
material. MRI of Patient 7 showed normal findings at 2
days after the onset of neurologic symptoms but revealed
an SCC lesion at 4 days (see figure 1). The SCC abnormal-
ities of all 15 patients completely disappeared at follow-up
MRI studies performed 3 days to 2 months after the first
abnormal study (within 1 week in 8 of 15 patients). In at
least six patients (Patients 1, §, 8, 9, 13, 15), the SCC
lesion disappeared before clinical recovery was complete.

Discussion. Despite different causative agents,
the clinical features of the 15 patients with encepha-
litis/encephalopathy and an isolated reversible SCC
lesion were nearly identical, consisting of relatively
mild CNS manifestations and complete recovery
within 1 month. Thus, we propose that this may
represent a new clinicoradiologic syndrome with an
excellent prognosis and that MRI is a key study in
establishing the diagnosis.

As in any patient with encephalitis/fencephalopa-
thy and lesions in the white matter, acute dissemi-
nated encephalomyelitis (ADEM) should be
considered in the differential diagnosis.® ADEM is
monophasic postinfectious or postvaccinial inflam-
matory disorder, which is pathologically character-
ized by an acute perivenous lymphocytic infiltration
with confluent demyelination. ADEM presents with
seizures, focal neurologic signs, and alteration of con-
sciousness, which develop days to weeks after the
onset of presumed viral infections. CSF analysis re-
veals mild pleocytosis. Corticosteroids are accepted
as useful treatment for ADEM, and recovery occurs
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Figure 1. Case 7. MRI on day 5, showing an ovoid lesion
in the mid-splenium of the corpus callosum on diffusion-
weighted imaging (B) and apparent diffusion coefficient
(ADC) map (C) with decreased ADC value and no en-
kancement on gadolinium-enhanced T'I-weighted imaging
(A). Follow-up study on day 20 showed no lesion on any
sequence (D).
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Figure 2. Case 15. MRI on. day 4, showing a lesion ex-
tending into the lateral portion of the splenium of the cor-
pus callosum (SCC) on T2- and T1-weighted imaging (A,
B) and diffusion-weighted imaging (C). The lesion in the
SCC disappeared on all sequences on day 8 (D, E).

within weeks.? In contrast, the patients in this report
developed neurologic symptoms quickly after the on-
set of illness (day 1 to-7) and also recovered com-
pletely within 1 month (mostly within 1 week after
neurologic manifestations). Directly causative agents
were identified in 5 of the 15 patients, suggesting
primarily infectious encephalitis/encephalopathy
rather than postinfectious. Corticostercids were not
necessary in most of the patients.

MRI in ADEM usually shows multiple foci of T1
and T2 prolongation, typically bilateral and asym-
metric, in~the subcortical white matter.'” Although
the corpus callosum may be involved in ADEM, these
patients nearly always have asymmetric callosal le-
sions in addition to other white matter lesions.!" Af-
ter contrast agent infusion, the lesions in ADEM will
show variable enhancement depending on their acu-
ity. The lesions usually evolve over weeks to months
and disappear only after several months, as the im-
aging evolution of the disease lags behind the clinical

evolution. Indeed, the white matter damage may be
permanent. The SCC lesions in the patients in this
report had no contrast enhancement, and most dis-
appeared completely within 1 week before clinical
recovery was complete. The splenial lesions in these
patients, therefore, are clinically and radiologically
unlikely to represent a manifestation of ADEM.

Other possible differential diagnoses of splenial
lesions include ischemia, posterior reversible enceph-
alopathy syndrome, diffuse axonal injury, multiple
sclerosis, hydrocephalus, Marchiafava-Bignami dis-
ease, lymphoma, and extrapontine myelinolysis.!
These are excluded clinically -and radiologically in
our patients.

One of the most interesting MRI findings in the
patients in this study is that the SCC lesion has
reversible, homogeneous reduced diffusion. The re-
versibility suggests that this finding is distinet from
cytotoxic edema seen in cellular energy failure, such
as acute infarction, which is nearly always irrevers-
ible. We postulate two possible mechanisms for the
transiently decreased ADC of the lesions: intramy-
elinic edema and inflammatory infiltrate. Recently,
high signal on diffusion-weighted imaging and de-
creased ADC values of white matter lesions have
been observed in patients with Canavan disease,
metachromatic leukodystrophy, and phenylketonu-
ria.’>1? A possible explanation proposed for this phe-
nomenon is intramyelinic edema due to separation of
myelin layers.'21? Interestingly, periventricular T2
abnormalities in phenylketonuria have been shown
to be reversible with improvement in metabolic
control.’* Therefore, the transiently decreased ADC
values of the SCC lesion suggest that reversible in-
tramyelinic edema may be the operant factor. A
diffusion-weighted imaging study of multiple sclero-
sis found decreased ADC values in 4 of 28 homoge-
neously enhancing multiple sclerosis lesions.'® The
authors postulated that the influx of inflammatory
cells and macromolecules, combined with related cy-
totoxic edema, might have caused decreased ADC.
Thus, the decreased ADC in the splenium may be a
result of inflammation. With either cause, intramy-

_elinic edema or inflammation, ADC may return to

normal if the cause resolves quickly.

Why is the splenium involved as an isolated site?
Although the splenium is the only region where the
vertebrobasilar system supplies blood to the corpus
callosum (which is primarily supplied by the carotid
system),!” the reversibility of the lesions and the ab-
sence of any other lesions in vascular distributions
make it unlikely that the splenial abnormalities are
the result of ischemia. Another possible pathogenesis
of the splenial lesions might be related to the pres-
ence of elevated inflammatory cytokines, such as
interleukin-6,'81® although the exact mechanism by
which the splenium would be involved as an isolated
site due to any of the causes is difficult to under-
stand. One might propose that the viral antigens or
receptors on the antibodies induced by the antigens
have specific affinities for receptors on splenial axons
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or the myelin sheaths surrounding them, but this is
‘pure speculation.

Recently, an ovoid-shaped reversible splenial le-
sion has been reported in approximately 20 patients
with epilepsy receiving antiepileptic drugs.'* Homo-
geneously reduced diffusion was reported in some
examined patients.®® Toxic levels or rapid with-
drawal of antiepileptic drugs or frequent seizures are
presumed_to be the cause of the lesion in these pa-
tients. The imaging features of the lesions in these
epileptic patients are very similar to thase in our
encephalitis/fencephalopathy patients; however, the
ghape of the lesion is somewhat different. In re-
ported patients and one patient referred to us who
was receiving antiepileptic drugs, the SCC lesions
were ovoid or round in shape'® except for one pa-
tient.? In contrast, the lesions were ovoid in six of our
patients and irregularly extended into the lateral
portion of the SCC in eight patients with encephali-
tis/fencephalopathy. Among 15 patients with enceph-
alitis/encephalopathy in this study, 7 patients had no
seizures, and only 3 of the 8 patients with seizures
received antiepileptic drugs. We conclude, therefore,
that the lesions in our patients with encephalitis/
encephalopathy did not result from seizures or anti-
epileptic drugs per se, though these two conditions
may share the same unknown pathogenesis or have
same spectrum.

It is unclear how common this finding might be in
patients with mild encephalitis/fencephalopathy. Be-
cause of the relatively high incidence of influenza-
associated encephalitis/encephalopathy in J apan,®1®
we have had the opportunity to obtain brain MRI in
15 children with relatively mild CNS symptoms;
however, MRI studies are not commonly obtained in
such patients, making it difficult to know how often
SCC lesions might be seen in this patient population.
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LETTER TO THE EDITOR

The difficulties of diagnosing VPA-induced pan-
creatitis in children with severe motor and
intetlectual disabilities

A 5-year-old girl developed normally until 1 year of
age, when she contracted influenza encephatopa-
thy. She then became bed-ridden with spastic
quadriplegia, mental retardation and epilepsy as
sequelae. Oral administration of valproic acid
(VPA) was begun because of intractable seizures.
In March 2003, her seizures stopped completely
after the VPA dosage was increased. However, she
tost her appetite and her body weight decreased
from 17.5 to 16.5 kg in one month. On April 10, she
became inactive without fever, nausea or vomit-
ing. Physical examination revealed no abnormal
findings, including abdominal defense and tender-
ness. Laboratory examinations disclosed no abnor-
mal findings. On April 11 she started vomiting and
the next day she developed fever to 38 °C. On April
13, she developed acute respiratory failure and
hypoxemia refractory to oxygenation. Chest XP
showed bilateral diffuse infiltrations and she was
put on mechanical ventilation. Laboratory data
blood results were as follows: CRP 13.55mg/dl,
total protein 4.3 g/dl, GOT 45 IU, GPT 29IU, LDH
776 U, Ca 7.5mg/dl, FDP 98.0 pg/dl (nl < 5.0)
and serum amylase 190 1U/1 (nl < 130). However,
no diagnosis could be established at that time. An
abdominal CT showed marked swelling of the
pancreas, and abdominal ftuid {Fig. 1), and acute
pancreatitis was diagnosed, probably due to VPA.
VPA was stopped and treatment for pancreatitis
was started. On April 16, laboratory examination
disclosed a marked increase of pancreatic enzymes
(lipase 76 IU/L (5-33), trypsin 4012 ng/ml (100-
500) and elastase 119138 ng/dl (72-436)}, but with
only slightly increased serum amylase 153 IU/L. On
May 9 laboratory data had normalized and an
abdominal CT disclosed a marked improvement in
pancreatic swelling. She recovered completely
without any sequelae.

Acute pancreatitis has been reported as a rare
adverse effect of VPA.! Many patients developed

ejpn

www.elsevier.com/locate/ejpn

acute pancreatitis induced by VYPA had neurologi-
cal deficits, such as cerebral palsy and mental
retardation.’ ™ Grauso-Eby et al.? reported that
55% of reported children with VPA-induced
pancreatitis had neurological deficits. Patients
with neurological deficits rarely - complain of
clinical symptoms such as abdominal pain.
Abdominal defense and tenderness are also
unclear. Qur patient did not show any symptoms
suggesting pancreatitis. Furthermore, severely
disabled children often vomit due to gastro-
esophageal reftux, and it has been reported that
acute pancreatitis can be misdiagnosed as gastro-
esophageal reflux.* The increased level of serum
amylase was trivial in our patient. Almost half of
the reported patients with VPA-induced pancrea-
titis had a trivial increase or normal levels of
serum amylase.'? The reason for this remains
obscure. The diagnosis of pancreatitis without
suggesting symptoms and elevation of serum
amylase levels is difficult and only swelling of
the pancreas on abdominal CT enabled us to
diagnose acute pancreatitis in our patients. Other
pancreatic enzyme tests, such as trypsin, elastase
and lipase were also helpful for the diagnosis. In
severely disabled children, we should keep in

Figure 1 Abdominal CT finding. Abdominal CT disclosed
diffuse markedly swelling of pancreas.

1090-3798/9 - see front matter © 2003 European Journal of Paediatric Neurology. Published by Elsevier Ltd. All rights reserved.
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mind VPA-induced pancreatitis as a cause of 3.
vomiting or unexplained symptoms, even if
the serum amylase level is not or only slightly

elevated.
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A Study of Intravenous Midazolam for Status Epilepticus in Children
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Maningttis
3 episodes

Febrile
convulsion

Epilepsy
43 episodes

11 episodes

Thecphylline-
Induced seizure

12 episcdes

Encephalitis
17 episodes

Fig. 1 Ttemized etiologies of 89 episodes of status elilep-
ticus treated with midazolam
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I ¥V T AI005~04mg/kg B BRIEL 1otk
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6~24 BERITE & MERUBREA L 7o 30 SR BLALTH W
NADEEEL, 2 VS Ak 8 BILLERIE
NE AN A AR E Lz, FAEERICE
WA ERELTARLAERND ) HVTE LR
EMEREITLZ 159 B (METORREYSE)
OB L KR LT, 7 ¥ ABEO A
BTV RAR IS B HOERTIE RO THET
KIREAT RV, ZOMOERIE 7 /230
Yy —RiE. 7= FIERLRRHE, ko
F— NER L EAEIT X R, MEtFERERER

Onot effective| |
Deffective

NUNRRRR

1st 2nd 3rd 4th

Fig. 2 Results of midazolam infusion in each line
1st : first-line, 2nd . second-line, 3rd : third-line, 4th:
fourth-line
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Table 1 Bolus dose and infusion rates of
intravenous midazolam infusion

Bolus dose  Infusion rate
(mg/kg) {mg/kg/hr)

Total 89 episodes 00504 0.06-06
{mean 0.154) (mean 0.178)
Effective 75 episodes 0.06-0.3 0.06-0.32

(mean 0.151) (mean 0.145)

Table 2 Comparison of effectiveness between
midazolam and diazepam

DZP (first-line) : 106/159 (66.7%)
MDL (first-line) : 35/ 43 (83.3%)
MDL (total) 175/ 89 (84.2%)

DZP : diazepam. MDL : midazolam

] p<o0s

B 75 & TT TAHTH D &, bolus dose 0.06~
0.3 mg/kg (F¥1 0151 mg/kg) . FHk 0.06~0.32
mg/kg/hr (F3 0.145 mg/kg/hr) THo7: (Ta-
ble D)o HHBIDIEE A LR, 03mg/kg LT O
FTHVRARME L. BIfEHELTIHATHR
ERENED SR, 1 FITHRRGE RS SN
MEEHEETITETHho T

wE NRETE 6 £ WRATERELT
ABLZEATY7TEALABELBITLZOR
14581 159 12 Th o 2 BIETOHEBEEL) o
AT 5 EEI FEEOHIETE
Reh, B BRI TRREALLOTIR
Lol HOhANBELIEOR 16 <&
(667%) THY., I ¥V ILOEHFELETS
LA o 72 (Table 2)o ¥ 7 HE/VABHE 159
BEDH L 14 B TIRRIE % kR LAEAR
EIRATRRERZELL.£09 L 10#&
ST Y 7 ¥ ABHERLT R, PRI E S 2
LS. X s hiEfCholto S 14 s #23
OEEBII MRS - BRE6 RS, TAPALR
& B VhA2BS, 7710 YITVhA
2BETH o, BRLIHTELVERD
Hots

— 998 —

Mean infusion time
(br)

1327

490

512

Mean infusion rates
{mg/Kg/hr)

0.191

0.30

0.178

Mean bolus dose
(mg/Kg)

0173
035

0154

First-line

35/82
nd.
42/89

Effectiveness (%)

854%
79.2%
842%

Table 3 Domestic reports of midazotam infusion for status epilepticus in children

episodes

82

89

Region

Hokkaido

Saitama

Niigata

Author

Minagawa et al®

Hamano et al”

Present report

n.d. : no description
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Table 4 Reports of comparison between midazolam and diazepam for status

epilepticus
Author Year Effectiveness Adverse effect
Raines et al¥ 1990 DZP im. < MDL im. DZp > MDL
Chamberlain et al1¥ 1997 DZPiv. < MDLim. DZFP > MDL
-Gilbert et al!? 1999 DZPiv. < MDLiwv, DZP > MDL
Singhi et al®? 2002 DZPiv. = MDL iv. DZP < MUL
Yoshikawa et al. at present DZPiv. < MDLiv. DZp > MDL

DZP : diazepam, MDL : midazolam, im. : intramuscular, i.v. : intravenous

cwdaRBRBRALE

opiiegty  srcepheiits  Treo B fC

Fig.3 Results of midazolam infusion for each etiology
Theo S: Theophylline—induced seizure, FC: Febrile
convulsion
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i, BuhAHEBREELL 36T, YTENL
gk 1 FO & CRIMFEECHRERELZ R
L. 2 T4 ARy g —n, D ¥ a A i
#EwrL, 3B b ATIREImEE L LS
Liz. fEBe™i, 7474 Y SEEFLWRAR
E%%mfaﬁﬁﬁﬁ<,9?ﬁﬂamﬁ%$
LISV HERORERE 2TV, ATHRE
%Etﬁokﬁﬂﬁﬁﬁot&ﬁﬁbk_it
S ENRLTHORARTETERZVIBEICR
HR Iz v E S — L REFIOEAEHRT
xR LR

FJx=bA¥ Y a4l Tk
Ep A, ERLEFEETH N i AR
F 5 L OEESRCEL THHARALRYT
BETE S POME ST R, TOEMED
FHE R, FRT—5 FIVEL & 5 HE
TLLELNHD.

I, BHERT—7

Stone HY XY AEFAGILERT, 7 x /N
ME S —i 10 mg/kg 5, hOZEH (10 mg/kg
U7 ¥, 0mg/kg 7= bA VI EDEHE
FAT 4 vOFuRARIEY LRSS €S
mpsta e, FuhAMECEHTH > LS
Lk.?m:f%vmmu75/74Uwa
hARBHEEETERZ 2B 2 LBEENT
w329 Yokoyama 1wy A ERLIIER
T, FA74Y YO ORABRERR 7 =/
NAEF—=LThok bilflEh, LOFH
(7z=b4 v, BAnwEdy, s T ER,
ST R, YT ENL, = FFHENL) TR
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mElsnbhofs bRELE & EVF*
S UDBRENTAT 4 Y YT AETHIL,
FA7 4V rEEICID WELHMERELY
YRy VB DERELEEVIEED
Hob,

M, RN TWBIARE

BEOYBTHERENTWETA 74V Y
M v A OB KR, Gardreault ¥, 4
P TFTENLE I~ mg FRLTEYTHI
i 15mg/kg D7 = / RV E Y —VERHEL,
20 HLUAKIEE s RFTREY A ARy —L
3~5mg/kg £EWE L, 2~4 mg/kg/hr FEETER
EHNBETHB LBRT0D, KELNL, TF
729 vEETLRAR —BIZY 7 €A
0.5~1.0 mg/kg ¥ CRET LEMEEHETD
208, FEEEREECR7 o= b4 Yo
FlTwned, ¥4737—n3~5 mg/kg OF
BEETS LR TVS, EEGWE, YAA
vy —NOERERERCED TV 2.

ExoFuhABREOBREAKE, H1
ERIREEE LTIV T ¥ BEH TS LDHE
Vs, LEEBEHINS LY T ENATLEE 5z
Bhif, e EicEE Y RE ThHhL R
bhi:, $2RIREL LT, ey —iLHh
sRAFRDIERLEI Y, FuhALdd
GRS VT ¥ A RER S & 5 PRI
RERHVSELIENTE BEOTIRVwHE
Esng, 2 ¥V 5 AONENGBELTR,
2% R S5 ITREVDETH D,

IV 54710 S EEFORAD
K

FAT4VYBVRAORERFELT @
FA74Y viFOhADHMBEEETEY S,



@FA74VYRTTF /Y REREEADE
PRAMCHET Y (TT/ Y YR ALRE
a4 L TEERT 3 JBOKREENEL, O
LhARMET 2EALH S, £ A2EREE
AL, BMPEEFEIREC B TRINE 1
BLTRIIE e ins ¥, iFmasRET S
EREETEY), @F4A74 VYREF-ZA7V
AF ¥ —VEEEHELRALT 7/ v 04
EREETER3, @F4F 74V VREYFFY
MEF—EEEELY VEEY FEy rAESE
EFa42% (ChiZGABAX4&RT 28RO
HWREETH D, GABA »EA LT ARIHEL
EFT32), @F4741 0 VRTALARRE
D2y, FORFCEET KA
cyclic GMP %N ¥ 5, @ GABA &
OEBAEEFERY, REOBFBHEESNT
WwaHs, @07 T/ vy Al REGAEEAS
FIHETHLIEEILONRTWVDS,

¥, 7AT 4D RELIERET, T
ADRMBIZFEZZVEVIFELH DD,
—FERE T TORABEIEMT S Z L3S
THDL, TT/vy AlZEESTORAREF
DOEECES LT AT IREVENTE
n, BREVWELEbI D,

V. 714V /2TF
Y REFOWELER

—H, FATZ 4V, STERLPISY
S A POV T Y RIERD antago-
nist THZELIHIEL Lo T3 FHiE 7
Y AMERHEINILUEICRTA T4V >,
FI/T4VYy, A7 AYREQAFNFY
VFYBIRYY YT Y RERERRORE
WS R Tz, 1981 ST Stirt 23, Y7 ¥°
LATEBLEBER27 32/ 749 > 1mglkg
OBETHRES S EHREDLTLUR, ¥7¥
AU O TS YA, AL, R
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S QM YO VT Y o RERICN
LT REERERESZ L BFEIh. &
Eapnl-0il7E/74 0 THEH, B
BRFAT4 VB LEEERTHRS, 15V
SARTIE, 2~4mgDE Y T ABEICLD
EEan 3Bl 72,749 ¥ 1mg/kg ¥
BEL, 2HLARCERBA R ENIRESS
H5.

¥, YTERLEBETI/ 74V
Yo THERRMUBET I I b EEGE I T
23, _RYYITEE EFA T4V rOMHEHR
FizowTit, BEfcby» > Tw3bITRR
whl, FATZ4 Y VIRKBT T v oREEA
OREFALVERZL TV LEEEFEER T
1, Ry YT HEORNSIHRIEL, GABA
BREENTHRENEERTH D0, PHAEE
M ETH 7T/ v b BEREREEHES
TWwaEM FA74 Vi, RV ET7EEC
Y27y MEEB= a—u Ol BT 3
FRELODZEBHSNTWVWEY, 274
Z 4V Y DOTFS v BEEAORESNEEF
Bizrh, Ry TEECLETT/ VY
BEONMEEEL, MENTRDENRYY
T YOFBHERA2EELERSE LD
FEISNTVEY fneitro T, 7474 Y
vick 3 BN GABA SEMAMAEERA bR
EZxnTw5Y, ZOBGRBLRYYITE
ErEOBSRBEEHHETEZLOTRRWVE
%z bhvTWwizl, B, GABA ZEMEBEEF
AT ehbrrwiggvbashtndg,. 7
A7 4V VBT BRARBWT Y, RVVY
TR L BRBETIBEGCRIONEIR
HEFEVPEETLILOLEDbRS,

EbYIC

FAT 4 YRRV IT Y O antago-
nist thHaruSH, VYT EErRTA
7 4 Y @ antagonist THEEWVBZ L, DX
SEBFREIDYTELARRLD LT EIRY
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