FACS analysis of granulocytes from our patient demonstrated
severely decreased expression of GPI-APs. Functional analysis using
PIGL-defective CHO cells revealed that the isoforms starting from
the downstream methionines showed residual PIGL activity. It has
been reported that two well-conserved motifs are essential for PIGL
activity (Fig. 5B underlines). Two faint bands corresponding to the
sizes of these isoforms were detected by western blot; the bigger
band had both motifs but not the N-terminal transmembrane
region. These two translation start sites do not fit well with Kozak’s
rule; therefore, these isoforms were not detected in the wild-type
cells.

Severely decreased expression of GPI-APs in granulocytes of the
patient suggest that these mutations in PIGL are associated with
decreased GPI biosynthesis. Previous studies showed that the
disruption of PIGL caused lethality in Saccharomyces cerevisiae
[Watanabe et al., 1999], suggesting that PIGL has been considered
as the only enzyme to catalyze the second step of GPI biosynthesis in
yeast. Although the disease mechanims remain unknown, it is
possible that a truncated protein translated from the allele with
¢.254_255del or C-terminal protein isoforms shown in our func-
tional analysis using CHO cells might have the minimal residual
activity of PIGL.

In conclusion, we identified compound heterozygous deletions
in PIGL in a patient with distinctive facial appearance, develop-
mental delay, intellectual disability, brachytelephalangy, and hyper-
phosphatasia. The clinical features were similar to those of HPMRS
caused by mutations in PIGV, PIGO, PGAP2, PGAP3, and PIGW.
Our findings will broaden the clinical spectrum of disorders with
defects in the GPI biosynthesis pathway.
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PIGT DRIBETIRPMIE LRI LT, TXTHMBENT
WS NS -k ALP MFEZ & 727 7,

2) MREE» S OBEHE—PGAP2 & PGAP3 RIBEDEHA

(& 5)

Bk L7 & 92 PGAP2 TV IRTOREHS DY €5
) ¥ 7RO PGAP3 TR RERIFRIEE O H b 12
sn-2 DALEBICEFIIRIEE A T 2B & %2355 V0 ET
50T, PGAP2 KIEFETIL GPI-AP 3fIAEE%: 1 A Lovi
Felp\v ) VRO E FHEER BRI TIEDISERE S 1,
MEBLEE D GPI-APs DK T &8 ALP ME R 31010, |
72280 T PGAP2 RIBIEIX LER D PIGV RIBES GPI £ &%
BIETORBELRAHOERM L RT. MEEED 5 OBk
DAHZZALEBEEPIZH o TWiEWA, BEERPRTIEERA
FY—=¥ D (PLD) T S NBETHEET SO THIE
JELHBWIEHELTHSL PLD WL o THRfENB L EX L
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ALPHTERAE

GPLT ¥ 71 —1{4hiALP

GPIfHINS 7 F v

ER lumen

Cytosol
B
0«
51 —

4 & ALP MLEEDEF
GPI FS Y A7 3 ¥ —FHEAMEIL GPIAMY TV eimo s VISs BED CRBDY S NRTF FERBLEFD 0 A b (1]
WiERIHT7 I /E) TN L CHE-ERPRMEEREL, ERLLGPIT Y A-LHmT s (A). HHOESRERT
RGP NG VAT IS —¥DRETIRGPL T Y H =5 VNI ETHAE ALP DYV FIURTF FOYRAFRE b 2nicHZ
DFFHEATHEEND (B) 5, EAROBBXT v FOBEFORETIHY FF VAT F FOYEIZIEL (R 525,

GPl 7 ¥ I —HERENTWARVOTHMTET 20T THUMER IR - THW SN, & ALP AR 3 (C).

NTw5h. —7 PGAP3 KIBIE Tt GPI-APs 1X ) €5 v 7
22T WAREMEIE & ALIRELS O T SHMEEmEIC
EBIXNEOTRES 7 MIBETE R\, EIR PGAP3 KIBE
R Pgap3 / v 77w MY ATIEE ALP MAFIC R 5 & & IEE
BANLVEENR CERATEY, BERHEO MR- T
Wi\, GPL BEVREETH A0 TE) —-¥R S
077 =Bl Ened{ o TV AL H 5.

4. B ALP MfE# % /- & o WX M GPI RIBAE (IGD)

1) GPl £ &BLEETORIBE
- IR U7 PIGM RIEFE % B < LHAE T TIZ PIGA, PIGQ,

PIGL, PIGN, PIGT*" ™ RiBENHESh TV, b
BT CPL 7 v 7 - DEARIEDLAEETF RO TEED
ERIGHIEET O GPL-APs DFBETICL > TR 5T b
LEZBND, T%bE Mabry syndrome & IHBRERE LT
HERE LEHREEE, TUWRAREFRL R, BEEFT
HEREE, SHBOFE, PNER AREE HEE
- BERLOBER EARONE. FHROBBRISDEZ A
FE SN T, PIGT RIBAE TIETA L7z & 9 I/ ALP
MEZEL, BEROEHCLEETORPEAL EDENE

FEETA. Z0HH PIGN RIBEREEREBTH->TL 1

DHOT Y/ = AT BINP Dt WEREHED T TR
HIZABD GPIAP 2RBT 5. SHEREAEML T PIGN
TABSE | RO R BEIRASE S 2 c 2 B X 5 ThHNIE, 1 DH
DY/ —RITD\ ]z BINP DR EREAMEH SN2 T
A H 5.

2) PGAPI KIBJE

AR X 9 12 PGAP1 KIRMIAE Tl GPL-APs i3Hlla 3R
AV =T VENEY, BEOVET) VRS
FRVEEREOT IRET Y, BREOBETERS>Z V.
PGAPL / v 2 7% b= ATIZEEIE (otocephaly) 3 5\
13 & RTANAEIE (holoprosencephaly) & Vo -TEROEHREE
TR LEERIELET A, INCEREEZRETED
b OMERTEY 2T 5. TR IL Wit % Nodal ¥ 7V
DEF, HERTISHMES 5 O GPI-APs DEEEDEELE
FLTWALEEZLRT VS D0 —J5§E PAGP] KIBJE
D 1RZNREOPY, BETIHITE AL PGAP1 DIEMDIEED
LNV PR 6T, EIRITMES EBEOTANA
YEL, BREEETERE RO L1, w920
FERUMEIRRI L o TEMNR LN TWE DT, SHRERMA
B TR ERFHEL 22 EEZLLNS,

__9._
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Plasma membrane

MEFE $47% £1%5

47 b=NTINE

T EIFRERh R FRANREAh R

. B5 GPI-APs DY EFY 7
NEAET S ¥ 37 BRIBISA 2 ¥ b= VDT 2 IVEED PGAPL I X » TP N3, PGAPI DXRIEMI T GPLAPs X TV
HTDOYEF) Y ZFFTT, MREEREICET7 OVEONVLRERECT IRATE (D). INIVKRTR, FEHS D -
2 RTINS T A REBFNIEIERDS PGAP3 12 X D IRZE &N, PGAP2 BT 5 RUS CAEMEEIFEESms ha. PGAPI @
RIBMILTIX GPI-APs U EF ) Y /2 F3 2 wEEHEO I IMBETCRAT LY, BES 7 RETER (@).
PGAP2 D/RIEMINE Tl GPI-APs i3 sn-2 fLICISIIEEAMT M E e ) VED F THBREEISEIIN I HFTRAD ) S—Fil L -

TYEFEEE S N, FOREMRRTO GPLAPs HER T2 ().

V EROBH (F1) LREMR

GPI £4HBETF O KIBRE TIX 20 RIFFEEDVETOR
B, Tbb GPI 7T v I —OBIMEETALEZ T, &
ATy TORMEFRIE CHO MBI ERBETF2EALTE
FRETF LT EDRE GPI-APs ORBEHETE 50 %
HDIEREMITOMR L, BEEL X CBETS. BLEER
TOHHNEEILETH L. EEEVETICNLT, EFFE
EEE, TAPA, 7Y MROOR EOREES, B
Hirschsprung 7% EDIROEE, LHHELREROFTE, KIC
BEEL CORBER, BORESENRLNE, LIRRHERE
EDTADAMRRE TS 2 KBRERESCRHAI A s 0=—
PWAE, West EEMREEZ 2T HBAbH B D00 -FHEHT
W MRI CREERET S I ICTLERBARA 2 T2 MAER TEES
RELTIEPERTHE, TAMERLAMAEENEDS
EBOETTE (M 34) D0,

REFRR

1) i ALP f&

& ALP MIE %49 FEEE1X IGD TH 2 REHEIE V.
TAVYALTER, FRfICERTA. & ALP EDEE
WBEEEEFOXF v Ik B2 EIdEIZR_ ZoFh—

TORETHFR, BUHOKEELNOEREIFHYTH
5%, % ALP MEALERIEEE 22 PGAP3 RIBSE L PIGW R
BETEHRLATWARV, —F VAT IV —EDa VR~
A bTHB PIGT RIGAETIE ALP PSHIBEA THEES hT L
F 9720 ALP % &7- L, HBOERICINA TEOTHR
BERRT.

2) BREFOT7O—% 4 b A MY — (H3B)

FREMD 7T — A4 » A ) — THEIRICRET 5 GPL-AP
TH5 CD16 DHEIFEDIKTAIGD BWORDFICLR S, &E
FED¥AITIE CD24 % FLAER (GPL-AP W& T 2Ty Y
CEROMBBRERRERELHALETAANVLIEL ) R4
WS BB TIHET T 525, 1V v/ SERPRIMERD GPI-APs
DETFTRREGNZ N,

V. TADAREORERF LA

TADADFEEITHEMRICSEE TS GPLAP Th A
ALP DREFERL TV EEEVFHELELLNRD. ALP O
TAVYEA LD BHABRIKERFRD (dssue non-specific) ALP
(TNAP) OEETEEIIE ALP ME*RLEOERERL
TADPAREER EEIRETS. TNAP / v 2 7% bR IAICH
B TAPAREOBEIFRCHEES LT, T2b



# 1 &R GPI RIBEOHEF LEROT LD

PDA ; patent ductus arteriosus, VSD: vcnmcular septal defect TOF: tetm]ogy of Fallot, TGA:Transposition of great arteries, PS:pulmonary stenosis, PMN:polymorphonuclear leukocyte

a) Numbers in parentheses: number of affected indivisuals, b) Human Phenotype Ontology ID

Affected Gene PIGA (11)¥ PIGQ (1) PIGL (6) PIGW (1) PIGM (3) PIGV (15) PIGN (9) PIGO (6) PIGT (4) PGAP1 (2) PGAP2 (6) PGAP3 (5)
MIM 300868 605754 280000 610275 610293 239300 614080 614749 610272 611655 614207 611801
West
FPR " " Ohtahara, West syn-  Ohtahara CHIME " -
Clinical diagnosis drome, MCAHS?  syndrome syndrome sg’{np:;\;o[:;e HPMRS1 MCAHS1 EOEE HPMRS2 MCAHS3 D HPMRS3 HPMRS
Ageat Died (5/11) Died at 2Y ™ Died (13}  IM-17Y Died (6/9) 0-15Y Died at 2Y (1/4) 4Y,2Y 35-28Y 4-17Y
Neurological disorder (1/11) () (4/4) () (313) (14/14) (99) (6/6) (4/4) (212) (6/6) (5/5)
Global developmental delay | HP:0001263% Severe (9/11) (1) (414 (1) (113) (14/14) (9/9) (616) (4/4) (212) (6/6) (5/5)
Mator delay HP:0001270 Severe (9/11) an) (474) ) 113) (919} (919} (6/6) (4/4) (212) (5/5) Severe (5/5)
Delayed speech HP:0000750 | No speech (11/11) (4/4) (9/9) (9/9) (6/6) (4/4) (2/2) (5/6) None (5/5)
Microcephaly HP:0000252 | (2/6)<3rd centile (016} (o/1) 0r9) (0/9) (1/6) ~558D (0r4) (212) (1/6) —4.55D (3/5) —3SD
Muscular hypotonia HP:0001252 (8r11) (1) (9r12) (9/9) (6/6) (4rd) (2n) (5/5) (s15)
Seizures HP:0001250° (1) (1) (474) an (313) (11/12) (919) (476) (424 (172) (316) (4/5)
. . . Tonic clonic, Partial seizure,  Generalized toinic clonic, Absence Myoclonic  Generalized toinic
Type Myoclonie (5/11) Tonic spasm - Absence Complex partial Vitamin B6 dependent Myoclonic Absence seizure Absence “Tonic-clonic clonic, Myoclonic
Tremor HP:0001337 (13) 9) (0r2)
Nystagmus HP:0000639 (719} (474) (0r2)
Hearing impairment HP:0000365 (213) (or1) (3/10) (1/6) (or2) (u6) (ors)
Eye abnormality HP:0000504 | Cortical blind (3/3) Coloboma_(4/4) (o/1) (03) Cortical blind_(1/2) Cortical blind_(4/4) (0r2)
Abnormal facial features (onn) (4/4) () (or3) (14/14) (9/9) (6/6) (4/4) (2n2) (216) (5/5)
Hypertelotism HP:0000316 (5r7) (474) () , (119) (4/6) (1/6) (5/5)
Long palpebral fissuies HP: 0000637 (5/7) (4/6) (1/6)
Broad nasal bridge HP:0000431 (5r7) (474) (171) (1/9) (a/6) (ar4) (212) (216) (s15)
Broad nasal tip HP:0000455 (212) (11) (4/6) (1/6) (5/5)
Tented upper lip HP:0010804 (sm () (3/9) (6/6) (216) (5/5)
Micrognathia HP: 0000347 (2/6) (4/9)
Cleft palate HP:0000175 (214) (o) (110) (0/9) (1/3) (1/6) (2/5)
Abnormai skeletal featares (011) (0r3) : (4/4) (0r2) (0/s)
Craniosynostosis HP:0001363 @ (1/6) (2/4)
Short arms HP: 0009824 (4/4)
Scoliosis HP:0002650 (1/5) (24}
Reduced mineralisation HP:0004348 (4/4)
Delayed bone age HP: 0003799 (us) (474)
Brachytelephalangy HP: 0009882 (o) (0r4) (o) (13114) (1/9) (4s6) (1/6) (0s5)
Teeth abnormality HP:0000164 (6/11) (474) (o) (212)
Joint contracture HP:0003121 (8/11) (or1)
Other organ 1i (o) (03) (4/4) (0r2) {0r5)
s (anal stenosis)
Anorectal abnormalities HP- 0002025 (0/d) (6712) (2/9) (316) (1/6)
Aganglionic megacolon HP: 0002251 (or4) (2/14) (09) (2/6) (1/6)
ASD (27)
VSD (14, )
Heart defect up:ooo1e31 | ASD (11 PDA TOE (114), . ASD DA O op (16) ASD, RS (16) PDA (1/4) ASD (16)
(111) TGA (1/4) Q1/14) PEQ (317),
PS (1/7)
Vesicoureteral reflex or .
Anomalies in Urinary tract H1P:0000079 (2/4) (um) - (215) (9) /)
Skin abnormalities (or1) (0r3) (0r2)
Decp plantar groove HP: 0001869 61y
Skin psoriasis, Ichthyosis HP: 0008064 (3/11) (4/4)
Clinical Test
. (1) (0r2)
Decreased expression of (3/8) PMN Blymphoblst, (I/1) PMN  (22) PMN (22) pMy  (22) Fibroblast (212) PMN (212) PMN - B lymphoblast (72) PMN
-APs on patients” cell . (212) PMN . .
Fibroblast PIPLC resistant
Hyperphoshatasia HP:0003155 i';j;‘:f‘:"‘g(;’;‘;)" ) (o) (14714) (on) (416) (4/4) Bypophosphatasia (o) (41) (515)
MRI abnormality (0r3) (314) CT, Brain atrophy
Thin corpus callosum HP:0002079 (6/11) (1/4) (1/5)
White matter immaturity HP: 0002500 (9/11) () (1) (2/4) (171)
Restricted diffusion pattern . (111) n)
Cerebellar atrophy HP: 0001272 (3nn) (1/4) () (2/4)
Hepatosplenomegaly Portal vein
Others (4/4), Yron overload thrombosis Lﬂ(g;;;m Large ears (2/2)
(4/4) (213}
Reference 4}, 18), 19), 20) 21) 22) 15) 5), 6) 7),8) 23), 24) 9), 13), 14) 17) 27) 10), 11) 12)
MCAHS :multiple genital ds CHIME: colob: of the eye, heart defect, ichthyosiform dermatosis, mental retardation, and ear defects, HPMRS:hyperpl ia mental

syndrome, ID:intellectual disability, ASD:atrial septum defect,

H T 25 S10Z

It

106



12

%0 EFM GPI KIEE D BRRER

ZRMIEE, EBHRERE, TA»ARERE.
(FFIFEREICRLAD)

HERE, LRAEMEEOBERUTAPA (KBRERE -

West fE{EEE)
BEREY (MREE - BoLEVRE - RUORHE . 7Y Mo
o-0ag, o)

Fie, RUHORE CREEOER - MOXKE, EFE)

FOMOEFR (IFY, ERBOEF - Hirschsprung 7 « KEHE -
LEFZE)

FEEE - BR, HAOORF

EBORYE (REEEL2LY)

HRROET, BEOEMG, BERE

BTNHY T+ AT 75 —LHE

BTN HY T+ A7 7§ —YIE

H ALP IIHEEEET, YU FRY -0 VERERY VEMLL
THEREPICEL D A 2BOEY FERY—icL, HEAICA -
2EY FEF—VEE®) VBMEERTE Y FEF -1y~

BRE ), S 2 -0 BTy -7 3 JEEE (GABA).

EHEROWERL LTH . MRERC ALP 2PBHL2 Y
LHIBEA D) FEF— V) YEEARRE L GABA &%)
SNBERITVNAREENBZ2EEZONL. EE, i
MDY FEF— VS 2012, BEIZEY I Y Be (¥
FEI V) DFERT oI AT VNARIEIEE LY,
—FEY IV B6 B2V DHY, ALP P40 GPI-
APs b & MBI L TWBE DT, T1bORHR
THETAPABECES LTWws EELLNE,

VI AEOTEEEN

% DEFIE, KBOBEEER/MNERIETL, 5
DIEHRZL BT RRT. BEMICIEERT CILMBERETR
7)== UTSBHIL, GPI 7Y —EARE{RET 5%
BETRE, TONRARES, MREROETEEDD L
ATELUEEMENH L, HELAL ) KEBEDRETFEFR
BEALPEIRIBIETSH Y, EREFF o7z cDNA THHL
THRE~F—THEBRIEL L, L DBALEFD cDNA L
BRI GPLAPs ORBAEEI A I LW TESL. 4126
DIATI)—~2BANTNALAN—T9 NI GPL 7 VA —4
BRERECTED(EYERA T )V T BREEN 12w
EEZTWD, FIHERDERE L % > TV:5 GPLAP FSEET
ENE, WREEDTERICRS, BB LZES I B6ICLD
WELED—D2TH Y, FEEZEEERI GPLAP THLZ &h
b, 74 VBOREFEITATRELH 5.

I SEROREZE

2 KHITBELRIFRITEN, BRNOS  ORER & 5£H
L, HFl2EROBEEBERR S LICREBRET LS
B LRI, ERIMLENRET -5 - — Akl
BB ILREEELTVS,

N

WEFE %$47% £15

GPl £S5 HEETFOIBETI, TRIZLZFEHETOR
BllloTERIINYZ -V arddhsb, GPIT v H— D8
AHBEINT VWS & &2, FRICANENRE 5 VN2 ED
BERER S 2B O C FKiD GPLAHNY 7 NV OERFIZR
BLEENTWE., ThbbPLOFEROET TERAVEIS T
BIUNIBETENEL WS YNBSS, FHESED
FTCTARBLEDL ) RERPTE20P, FOERITED
GPI-APs DIETIZEET 200, #0F 80 BoAEBEA:
HREIT 2 04?7 iPS MBI ZE o 22 L AV DFRITRE T
VT ADRITIC L ) EEROBEOREY B L
EzTw5,

EZONBER | FRIREATICEEL THRT &g 2 L.
X #t

1) Kinoshita T, Fujita M, Maeda Y. Biosynthesis, remodelling and
functions of mammalian GPl-anchored proteins:recent progress. J
Biochem 2008 ;144 :287-94.
Tanaka S, Maeda Y, Tashima Y, Kinoshita T. Inositol deacylation
of glycosylphosphatidylinositol-anchored proteins is mediated by
mammalian PGAP1 and yeast Bstlp. J Biol-Chenz 2004;279:
14256-63.
Krawitz PM, Hochsmann B, Murakami Y, et al. A case of paroxys-
mal nocturnal hemoglobinuria caused by a germline mutation and
a somatic mutation in PIGT. Blood 2013;122:1312-5.
Johnston JI, Gropman AL, Sapp JC, et al. The phenotype of a
germline mutation in PIGA:the gene somatically mutated in parox-
ysmal nocturnal hemoglobinuria. Am J Hum Genet 2012;90:295-
300.
Almeida AM, Murakami Y, Layton DM, et al. Hypomorphic pro-
moter mutation in PIGM causes inherited glycosylphosphatidyli-
nosito] deficiency. Nar Med 2006;12:846-51.
Almeida AM, Murakami Y, Baker A, et al. Targeted therapy for
inherited GPI deficiency. N Engl J Med 2007 ;356:1641-7.
Krawitz PM, Schweiger MR, Rodelsperger C, et al. Identity-by-
descent filtering of exome sequence data identifies PIGV muta-
tions in hyperphosphatasia mental retardation syndrome. Nat
Genet 2010;42:827-9.
Hormn D, Wieczorek D, Metcalfe K, et al. Delineation of PIGV
mutation spectrum and associated phenotypes in_hyperphosphata-
sia with mental retardation syndrome. Eur J Hum Genet 2014 ;22
762-17. !
Krawitz PM, Murakami Y, Hecht J, et al. Mutations in PIGO, a
member of the GPI-anchor-synthesis pathway, cause hyperphos-
phatasia with mental retardation. Am J Hum Genet 2012;91: 146-
5L
Krawitz PM, Murakami Y, Riess A, et al. PGAP2 Mutations,
Affecting the GPI-Anchor-Synthesis Pathway, Cause Hyperphos-
phatasia with Mental Retardation Syndrome. Am J Hum Genet
2013;92:584-9.
Hansen L, Tawamie H, Murakami Y, et al. Hypomorphic Muta-
tions in PGAP2, Encoding a GPIl-Anchor-Remodeling Protein,
Cause Autosomal-Recessive Intellectual Disability. Am J Hum
Genet 2013;92:575-83.
12) Howard MF, Murakami Y, Pagnamenta AT, et al. Mutations in
. PGAP3 impair GPI-anchor maturation and lead to intellectual dis-
ability with hyperphosphatasia and additional phenotypic features.
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Clinical whole-

Inherited GPI deficiencies:a new disease with intellectual disability and epilepsy

) Yoshiko Murakami, Taroh Kinoshita
Department of Immunoregulation, Research Institute for Microbial Diseases, Osaka University

Glycosylphosphatidylinositol (GPI) is a glycolipid, which anchors 150 or more types of proteins to the cell surface. There are at least
26 genes involved in the biosynthesis and transport of GPI-anchored proteins (GPI-APs). Many inherited GPI deficiencies (IGDs) have
been recently found using whole-exome sequencing. Patients with IGD have only a partial deficiency because complete GPI deficiency
causes embryonic death. The major symptoms of IGDs include intellectual disability, epilepsy, coarse facial features, and multiple organ
anomalies. These symptoms vary in severity depending upon the degree of the defect and/or position in the pathway of the affected gene.
We clarified a mechanism of hyperphosphatasia, which is characterized by elevated release of tissue-nonspecific alkaline phosphatase.
Hyperphosphatasia is observed in some patients with IGDs, such as hyperphosphatasia mental retardation syndrome or Mabry syndrome,
caused by mutations in genes in the later stage of GPI biosynthesis. The possibility of IGD should be considered in patients with seizures
and intellectual disability. The presence of hyperphosphatasia is strong evidence of IGD. Flow cytometric analysis of GPI-APs on granulo-

cytes is also useful for the detection of IGD.

108

No To Hattatsu 2015,47:5-13



A DEVELOPMENT
CrossMark Official Journal of

the Japanese Society
of Child Neurology

Brain & Development 37 (2615 191 199

www.elsevier.com/locate/braindev

Original article

Prognostic factors for acute encephalopathy with bright
tree appearance

Junji Azuma *"*, Shin Nabatame *", Sayaka Nakano *°, Yoshiko Iwatani™",
2

Yukihiro Kitai', Koji Tominaga ™", Kuriko Kagitani-Shimono **<,
X

Takeshi Okinaga *", Takehisa Yamamoto ¢, Toshisaburo Nagai ®, Keiichi Ozono ™"

 Department of Pediatrics, Osaka University Graduate School of Medicine, Japan
® Epilepsy Center, Osaka University Hospital, Japan
€ United Graduate School of Child Development, Osaka University Graduate School of Medicine, Japan
d Department of Pediatrics, Minoh City Hospital, Japan
¢ Division of Health Science, Osaka University Graduate School of Medicine, Japan
T Department of Pediatrics, Morinomiya Hospital, Japan

Received 14 October 2013; received in revised form 6 March 2014; accepted 2 April 2014

e

Abstract

Objective: To determine the prognostic factors for encephalopathy with bright tree appearance (BTA) in the acute phase through
retrospective case evaluation. Methods: We recruited 10 children with encephalopathy who presented with BTA and classified them
into 2 groups. Six patients with evident regression and severe psychomotor developmental delay after encephalopathy were included
in the severe group, while the remaining 4 patients with mild mental retardation were included in the mild group. We retrospectively
analyzed their clinical symptoms, laboratory data, and magnetic resonance imaging (MRI) and magnetic resonance spectroscopy
(MRS) findings. Results: Patients in the severe group developed subsequent complications such as epilepsy and severe motor impair-
ment. Univariate analysis revealed that higher maximum lactate dehydrogenase (LDH) levels (p = 0.055) were a weak predictor of
poor outcome. Maximum creatinine levels were significantly higher (p < 0.05) and minimal platelet counts were significantly lower
{(p <0.05) in the severe group than in the mild group. Acute renal failure was not observed in any patient throughout the study.
MRS of the BTA lesion during the BTA period showed elevated lactate levels in 5 children in the severe group and 1 child in
the mild group. MRI performed during the chronic phase revealed severe brain atrophy in all patients in the severe group. Conclu-
sions: Higher creatinine and LDH levels and lower platelet counts in the acute phase correlated with poor prognosis. Increased lac-
tate levels in the BTA lesion during the BTA period on MRS may predict severe physical and mental disability.
© 2014 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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studies reported acute infantile encephalopathy predom-
inantly affecting the frontal lobes and acute encephalop-
athy with biphasic seizures and late reduced diffusion
(AESD) in non-Japanese patients; therefore, it seems
that this clinical entity is not limited to the Japanese
population {2.2] Acute encephalopathy is typically char-
acterized by a biphasic clinical course. It usually begins
with status epilepticus and a mild symptomatic period of
2-3 days, followed by a cluster of seizures accompanied
by a decreased level of consciousness. During this per-
iod, diffusion-weighted images obtained by magnetic
resonance imaging (MRI) show strong signal intensities

in the subcortical regions, referred to as BTA [1]. Few -

atypical types of acute encephalopathy with BTA have
been described, including cases with altered conscious-
ness but no status epilepticus or cases with a monopha-
sic clinical course [4.5}. No standard treatment has been
described for this entity, although glutamatergic excito-
toxicity was proposed as its main pathomechanism [61.
Sequelae may include mild to severe motor and intellec-
tual disability and epilepsy. The prognostic factors for
acute encephalopathies, including one case with BTA,
have been reported as a decrease in platelet count; an
increase in aspartate aminotransferase (AST), alanine
aminotransferase (ALT), creatine kinase (CK), lactate
dehydrogenase (LDH), and creatinine (Cr) levels; and
abnormal blood sugar levels and clotting times [5.7.81
Here we retrospectively examined the prognostic values
of several serum markers, changes in these markers dur-
ing the acute stage, and the findings of magnetic reso-
nance spectroscopy (MRS) of the BTA lesion during
the BTA period.

2. Methods

The participants included 10 patients with acute
encephalopathy and BTA who were admitted to Osaka
University Hospital from 2003 to 2012. REight of the
patients presented with fever and status epilepticus,
which continued for over 30 min on day 0. MRS con-
firmed the presence of BTA from the 3rd to the 9th
day of the illness. The other 2 patients did not present
an obvious convulsive event; however, 1 of them pre-
sented with loss of consciousness, and BTA was con-
firmed in this patient on the 6th day. The other patient
was transferred to the emergency room with loss of con-
sciousness and respiratory arrest, and BTA was con-
firmed on the 8th day. For the 10 participants, we
retrospectively examined the clinical history, clinical fea-
tures, changes in different serum marker levels, and
brain MRI findings.

Evaluation of clinical history included the patient’s
underlying condition, any past history of febrile convul-
sions, neurological status before encephalopathy, type
of infectious disease, existence of a biphasic course,
length of the latency period between fever onset and
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encephalopathic episode onset, duration of primary sta-
tus epilepticus, specific medication used to cease convul-
sions and sedate, use of any prescribed antiepileptic
agents during the acute phase, and history of specific
treatment for acute encephalopathy. Neurological out-
come was evaluated 1 year after the onset of encephalop-
athy. The intelligence or development quotient was not
accurately estimated by developmental tests in most
patients. Therefore, the severity of cognitive impairment
was estimated and classified as follows: normal or mild if
the patient could utter some meaningful words (for
patients aged 12-24 months) or have a simple conversa-
tion (for patients aged >24 months), moderate if a patient
could utter a few meaningful words (for patients aged
>24 months), and severe if a patient could not utter
meaningful words. For patients aged >12 months, the
severity of motor impairment (MI) was estimated and
classified as follows: normal or mild if the patient could
walk without support, moderate if the patient could sit
without support but not walk without support, and
severe if the patient could not sit without support. The
neurological status of patient 6, who presented with an
underlying disease before encephalopathy, was not eval-
uated according to these criteria because the patient was
aged <12 months. This patient could babble and hold the
head upright but could not turn over unassisted before
encephalopathy. We estimated that the patient had mod-
erate mental retardation (MR) and MI. We divided
patients into 2 groups according to the severity of enceph-
alopathy, namely severe and mild groups, on the basis of
the patient’s neurological status at 1 year after the onset
of encephalopathy. The mild group included patients
with mild cognitive and/or mild motor impairment. The
severe group included patients with a more severe neuro-
logical impairment. Therefore, 6 patients were included
in the severe group and 4 patients in the mild group.

Blood samples were obtained during convulsions,
immediately after the end of convulsions, or immedi-
ately after arrival at the hospital for patients without
convulsions. We investigated the maximum and mini-
mum values and any changes observed during the first
20 days in several serum marker levels. These markers
included blood cell counts and AST, ALT, LDH, CK,
blood urea nitrogen (BUN), Cr, sodium, potassium,
chloride, total protein content, albumin, and blood
sugar levels.

Brain imaging findings for the acute phase and
chronic phase were examined >7 months later by per-
forming MRI using a 1.5T Signa HD (GE Healthcare,
Milwaukee, WI) system with a standard head coil.
MRS [point-resolved spectroscopy sequence (PRESS):
repetition time/echo time, 1800/136] was subsequently

performed on BTA detection, and the region of interest

was marked on the BTA lesion. Model information and
condition of acquisition was not confirmed in patients 2
and 6. On MRS, we examined the peak of lactate and
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Table 1
Clinical features of the patients.
Patient Age Sex Underlying History Neurological  Initial Infection Biphasic Antiepileptic Therapy Outcome
. disease of FS  status before  symptom clinical ~ drugs for the for the
encephalopathy course acute phase  acute
phase
1 6y M No Yes Normal Impaired Influenza A No MDL, PB mPSL Epilepsy,
consciousness moderate MI,
severe MR
2 Sy M Klinefelter Yes Epilepsy Status Influenza A No DZP, PB mPSL,  Epilepsy,
syndrome Mild MI epilepticus VIG severe M1
Mild MR severe MR
3 4y M Psychomotor Yes Mild MI Status Unknown  No MDL, mPSL,  Epilepsy,
retardation Mild MR epilepticus thiopental, IVIG severe MI,
thiamilal, PB severe MR
4 2y M Chromosomal No Moderate MI  Status Influenza A No DZP, MDL, mPSL, Epilepsy,
abnormality Moderate MR epilepticus LDC, IVIG severe MI,
PB, PHT severe MR
5 ly F No No Normal Status HHV6 Yes MDL, mPSL Epilepsy,
epilepticus thiopental, moderate M1,
LDC, PB severe MR
6 6m M Kabuki No Moderate MI ~ Status Unknown  No DZP, MDL, mPSL, Epilepsy,
syndrome Moderate MR epilepticus thiopental, IVIG severe M1,
PB, PHT severe MR
7 4y F  Costello Yes Epilepsy Status Influenza A Yes DZP, MDL, mPSL Epilepsy
syndrome Mild MR epilepticus PB Mild MR
8 2y M No No Normal Impaired Adenovirus  Yes MDL, PB mPSL Mild MR
consciousness type3
9 2y F No No Normal Status Unknown No DZP, MDL, mPSL, Mild MR
epilepticus PB IVIG
10 ly M Cerebral Palsy Yes Mild MI Status Influenza A No DZP, MDL, mPSL Mild MI
Mild MR epilepticus thiamilal, PB Mild MR

DZP: diazepam, MDL: midazolam, LDC: lidocaine, PB: phenobarbital, PHT: phenytoin, mPSL: methylprednisolone, IVIG

: intravenous immu-

noglobulin, MR: mental retardation, MI: motor impairment, FS: febrile seizures, M: male, F: female, y: year, m: month.
Patients 1-6 belong to the severe group, while patients 7-10 belonged to the mild group.

the ratio of N-acetyl aspartic acid and creatine + phos-
phocreatine (NAA/Cr).

Statistical analyses were performed using JMP 8.0
statistical software (SAS Institute Inc., Cary, NC,
USA) and the Mann-Whitney U test was used to test
for significant differences between the severe and mild
groups. Statistical significance was determined at
» <0.05.

3. Results
3.1. Clinical features

The total observation period was 7 months to 9 years.
The latency period from fever onset to seizures or state
of altered consciousness was <24 h in all patients. The
age of onset ranged from 6 months to 6 years (median,
3 years) in the severe group and from 1 year to 4 years
(median, 3 years) in the mild group. No significant dif-
ference in age was observed between the 2 groups
(p = 0.587). Six of the 10 patients presented some under-
lying condition. The duration of status epilepticus
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ranged from 40 to 60 min (median, 50 min) in the severe
group and 40-50 min (median, 45min) in the mild
group. No significant difference in duration was
observed between the 2 groups (p = 0.362). Thiopental
or thiamilal was required to cease convulsions in addi-
tion to the initially administered diazepam (DZP) or
midazolam (MDL) in 5 patients in the severe group;
DZP alone was sufficient for 2 patients in the mild
group. Two patients without evident convulsions devel-
oped respiratory or cardiopulmonary arrest on arrival,
and resuscitation was performed in the emergency room.
These patients were placed on respirators and received
continuous infusions of MDL during the acute phase.
All patients were treated by methylprednisolone pulse
therapy. Intravenous immunoglobulin (IVIG) was
administered to 4 patients in the severe group and 1
patient in the mild group (Table 1).

Neurological sequelae included epilepsy or severe MI
in addition to regression in the severe group. The neuro-
logical status of the 4 patients with underlying disease in
the severe group had been stable before encephalopathy.
However, their status evidently worsened after
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encephalopathy. Mild MR was observed in all patients
in the mild group; however, 2 patients with underlying
disease had mild MR before encephalopathy (Table 1).

3.2. Serum markers

Seven out of the 10 patients studied showed maxi-
mum values of AST and ALT within 10 days of admis-
sion, and all patients showed maximum values of LDH
and CK within 10 days. These markers returned to nor-
mal levels approximately 1 month later (Table 2). The
maximum LDH values observed in the severe group
were higher than those in the mild group, but that differ-
ence was only marginally significant (p = 0.055). The
platelet counts reached the minimum value between
the first and fourth day of hospitalization and returned
to normal levels shortly thereafter (Fiz. ). The
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Fig. 2. Change in serum Cr levels, Cr: creatinine. The solid line
represents the severe group (patients 1-6), and the dotted line
represents the mild group (patients 7-10).

Table 2
Comparison of serum markers between the severe and mild groups.
Severe group (1= 6) Mild group (n=4) p Value
Median (range) Median (range)
Maximal AST (IU/L) 600 (220-1341) 372 (114-719) 0.2
Maximal ALT (IU/L) 253 (132-1350) 162 (49-373) 0.2864
Maximal CK (IU/L) 1247 (572-4723) 281 (141-524) 0.1356
Maximal LDH (IU/L) 1204 (1018-5211) 875 (655-1057) 0.055
Maximal Cr (mg/dL) 0.515 (0.44-0.6) 0.32 (0.285-0.375) 0.019
Cr in the convalescent phase (mg/dL) 0.24 (0.19-0.3) 0.21 (0.18-0.24) 0.3359
Maximal BS (mg/dL) 219 (176-252) 311 (118-411) 0.3938
Minimal Plt (x10%/uL) 9.4 (9.1-10) 20 (17.5-22.5) 0.0325°

AST: aspartate aminotransferase, ALT: alanine aminotransferase, CK: creatine kinase, LDH: lactate dehydrogenase, Cr: creatinine, BS: blood sugar,

Plt: platelet.
Statistical analysis was performed using the Mann—Whitney U test.
* p <0.05.
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Fig. 1. Change in platelet counts. (A) Severe group, (B) mild group.
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Table 3
Maximum Cr values and urine volume in the acute phase and Cr
values in the convalescent phase.

Cr levels in the
convalescent

Patient Maximal Cr Cr levels, Urine
levels in the acute 97.5% volume on

phase (mg/dL)  (mg/dL) day 0 (mL/ phase (mg/dL)

kg/h)

1 0.52 0.48 4.66 0.31

2 0.6 0.45 1.47 0.3

3 0.51 0.4 2.35 0.28

4 0.44 0.37 1.18 0.18

5 0.38 0.32 Not 0.19
measured

6 1.4 0.31 4.52 0.2

7 0.27 0.4 Not 0.19
measured

8 0.34 0.37 6.5 0.23

9 0.41 0.37 3.94 0.25

10 0.3 0.32 3.67 0.17

Cr: creatinine.
Cr 97.5%: 97.5 percentile value in age-matched Japanese children.

minimum platelet count was significantly lower in the
severe group than in the mild group (p < 0.05). The max-
imum Cr value was observed on the day of onset or the
following day in all patients (Fig. 2, Table 3); however,
that maximum value was significantly higher in the
severe group than in the mild group (p < 0.05). During
the first week of illness, the Cr value was higher in the
severe group than in the mild group, and no significant
difference was observed between the 2 groups on the
20th day (p =0.336). No significant differences were
observed in any of the other markers between the 2
groups (Table 2).

3.3. Brain MRI and MRS

The median period of time elapsed between hospital
admission and confirmation of the presence of BTA

Table 4
Findings of brain MRI and MRS.

was 7 days. BTA was observed in different regions, with
2 patients in the mild group showing global involvement
with spared pericentral areas. MRI performed during
the chronic phase showed severe brain atrophy in all
patients in the severe group, which was absent before
encephalopathy, and mild to intermediate atrophy in
all patients in the mild group (Table ). None of the
patients presented any thalamic lesions, diffuse brain
edema, or hernia compressing the brain stem through-
out the clinical course.

MRS was performed for 9 patients during the BTA
period. A lactate peak was observed in 5 out of the 6
patients included in the severe group and 1 out of the
3 patients in the mild group (Fig. 3). In the mild group,
the only patient presenting a lactate peak also showed
intermediate cerebral atrophy during the remote period,
while the 2 patients without a lactate peak showed only
mild atrophy. The NAA/Cr ratio was 0.88-1.34 (med-
ian, 0.97) in the severe group and 1.13-1.19 (median,
1.17) in the mild group. No significant differences were
observed between the 2 groups (p = 0.178; Tahle 4).

4. Discussion

Hayakawa proposed the integration of the 3 most
common acute encephalopathies in Japan (namely,
acute encephalopathy with febrile convulsive status epi-
lepticus or AEFCES, AESD, and acute encephalopathy
with biphasic clinical course) into one type of encepha-
lopathy because of the overlap in clinical features and
similarities in pathomechanisms. However, he reported
that only 36% patients experienced all the symptoms
in the triad: BTA, status epilepticus at illness onset,
and biphasic clinical course {4]. Hayashi defined acute
encephalopathy with reduced diffusion (AED), which
encompasses a spectrum that includes not only typical
AESD but also atypical AESD with a monophasic

Patient Brain MRI (acute phase) Brain MRI (chronic phase)
Position of BTA MR S:lactate peak MRS:NAA/Cr
1 Whole brain (+) 0.88 Severe atrophy
2 Whole brain (+) 0.98 Severe atrophy
3 Whole brain (+) 0.97 Severe atrophy
4 Bioccipital lobe predominant (+) 048 Severe atrophy
5 Right hemisphere (-) 1.34 ' Severe atrophy of right hemisphere
6 Bifrontal lobe predominant (-+) No data Severe atrophy
7 Right hemisphere (—-) 1.19 Mild atrophy of right hemisphere
8 Whole brain (central sparing) Not done Not done Moderate atrophy
9 Bioccipital lobe predominant (=) 1.17 Mild atrophy
10 Whole brain (central sparing) (+) 1.13 Moderate atrophy

BTA: bright tree appearance, MRI: magnetic resonance imaging, MRS: MR spectroscopy.

MRS was performed by a point-resolved spectroscopy sequence (PRESS).

Echo time (TE)/repetition time (TR) = 1800/136.
NAA: N-acetyl aspartic acid.
Cr: creatine + phosphocreatine.
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Fig. 3. Findings of brain MRI and MRS. Two typical cases are shown. Patient 3 (severe group). (A) FLAIR (day 1): No abnormal lesion is observed.
(B) Diffusion-weighted imaging (DWI; day 6): Abnormal high intensities are observed in the whole subcortical white matter. (C) FLAIR (3 years
later): Diffuse cerebral atrophy is observed. (D) Region of interest (ROI) on MRS. (E) MRS (point-resolved spectroscopy sequence (PRESS):
repetition time (TR)/echo time (TE), 1800/136) shows a lactate peak. The arrow indicates the lactate peak. Patient 7 (mild group). (F) FLAIR (day
1): No abnormal lesion is observed. (G) DWI (day 6): Abnormal high intensities are observed in the right hemispheric cortical and subcortical white
matter. (H) FLAIR (1 year later): Cerebral atrophy was observed in the right hemisphere. (I) ROI of MRS. (J) MRS (PRESS: TE/TR, 1800/136)
shows no lactate peak. MRI: magnetic resonance imaging MRS: MR spectroscopy FLAIR: fluid-attenuated inversion recovery.

clinical course, or more severe subtypes [3]. In our study,
only 3 patients showed a biphasic clinical course. How-
ever, it is worth pointing out that the other patients were
treated with antiepileptic agents immediately after the
onset of status epilepticus. We diagnosed 8 patients with
AED, but we could not categorize 2 patients who pre-

sented with altered consciousness but no seizures at

114

onset. In the present study, regardless of the clinical
symptoms, all patients presented with BTA and some
similitudes in laboratory data, including maximum
LDH and CK values within 10 days, minimum platelet
counts within the 1st-4th days, and maximum Cr values
on the day of onset or following day. Therefore, we
could assume a similar pathophysiology for all patients.
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We also considered patients with BTA {rom the 3rd to
- 9th days as cases of acute encephalopathy with BTA.
Overexpression of glutamate, abnormal increase in
intracellular calcium ion levels, and subsequent neuronal
cell death can be suggested as the possible pathomecha-
nisms behind this encephalopathy. Takanashi reported
an association between the appearance of a glutamine/
glutamate complex peak on MRS during the BTA per-
iod and delayed neuronal cell death [61. In our study,
cases that showed a lactate peak displayed severe brain
atrophy and subsequent severe neurological sequelae.
To the best of our knowledge, this is the first study
reporting the appearance of a lactate peak during the
BTA period. A lactate peak on MRS generally reflects
an elevation in anaerobic glycolysis or a disorder in aer-
obic glycolysis; therefore, it appears during the acute
phase of an ischemic brain injury {97 hypoxia [10}}; a dis-
order of the tricarboxylic acid cycle, such as a mitochon-
drial disease [Ii} and a state of imbalance between
energy supply and demand, such as brain tumor {121
We believe that energy failure may have led to neuronal
necrosis and severe brain atrophy during the remote per-
iod in patients presenting the lactate peak.

In neural cells, NAA is synthesized from acetyl CoA
and aspartate through L-aspartate N-acetyltransferase.
The Cr peak observed on MRS comprised both Cr
and phosphocreatine. The Cr peak is known to be sta-
ble; therefore, it is frequently used as the standard for
other chemicals [13.14]. During the acute phase of brain
infarction, the lactate peak appears immediately after
onset; however, the Cr peak does not change within
the first 24 h after onset. Therefore, it is believed that
the NAA/Cr ratio reflects the metabolic rate of the neu-
ral cells and axons, while a decrease in NAA/Cr reflects
the decrease or dysfunction in neural cells. Aaen et al.
reported a decrease in NAA/Cr and the appearance of
lactate peaks in patients with severe brain traumatic
injury {157, In the present study, no significant difference
was observed between the mild and severe groups,
although we considered that the NAA/Cr tended to be
lower in the severe group. Nevertheless, we cannot
underestimate the effect that the low sample size could
have in these results.

Hayashi reported that AST, LDH, and CK levels
reached a maximum value within 10 days from the onset
of the illness and that they were significantly higher in
the severe group {51 Ishii reported an abrupt increase
in neuron-specific enolase in all patients during the
2nd period (mean, 85.4 & 40.6 ng/pL), and these high
values were maintained for a month before they gradu-
ally decreased [16]. Ishikawa proposed that the presence
of a high initial serum Cr value could be a useful marker
to differentially diagnose prolonged febrile convulsions
and AEFCES. On the other hand, they could not iden-
tify the reason for the increase of Cr levels, and no renal
failure was observed {7} The changes in serum markers
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delected in this study were similar to those reported by
the abovementioned previous studies. Serum Cr levels
showed the highest values either on the day of onset
or the following day, and platelet counts showed the
lowest values at some point between the lst and 4th
days. Within 10 days after the onset of the illness, 7 of
the 10 patients presented their highest values of AST
and ALT, and all patients displayed their highest values
of LDH and CK. However, the reason behind the corre-
lation between poor prognosis and increased LDH levels
and a significant decrease in platelet counts remains
unclear.

Five out of the 6 patients in the severe group had
serum Cr levels higher than the 97.5 percentile of age-
matched controls in their initial measurements; the
remaining patient also had a value markedly higher than
the 97.5 percentile of age-matched controls by the fol-
lowing day [18]. Their values were higher than the values
during the convalescent period around the 20th day. The
primary symptom of acute kidney injury is oliguria or
anuria. The increase in serum Cr levels reflects the
decrease in Cr clearance. Waikar reported that in
patients with a >50% decrease in Cr clearance, a 50%
increase in serum Cr levels is reached in 12-48 h [19].
Eight out of the 10 patients received urinary catheters,
and the urine volume was accurately measured to ensure
that the urine volume remained constant. Therefore, we
could conclude that these patients did not have acute
kidney injury during the acute phase. The increase in
serum Cr levels may thus reflect a neurological dysfunc-
tion, given that these increased levels also correlate with
the incidence of neurological sequelae.

Cr is the last product of creatine metabolism. Crea-
tine is produced primarily in the liver, kidney, and pan-
creas and is stored in the skeletal muscle as
phosphocreatine. Phosphocreatine plays an important
role for buffering energy and is essential for the ATP-
generating reaction:

ADP + phosphocreatine <« ATP + creatine

This energy-buffering mechanism also exists in the
brain {201 The concentration of creatine in the brain
is approximately 200-fold higher than that in the serum
{217, with the brain presenting the second highest con-
centration of creatine after the skeletal muscle. Crea-
tine in the brain is directly supplied from the
circulatory system through the blood-brain barrier
and through production within astrocytes [Z(]. It is
stored in the brain as phosphocreatine and converted
to creatine by the brain isozyme for creatine kinase.
Creatine is ultimately converted to Cr and released into
the blood vessels through the blood-cerebrospinal fluid
barrier {22},

Two possible mechanisms may explain the higher Cr
value detected in the severe group. The more severe
destruction of the blood—cerebrospinal fluid barrier in
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the severe group may lead to the flood of Cr. Overpro-
duction and leakage of Cr, synthesized by the phospho-
creatine-creatine reaction facilitated by the energy
demand in acute encephalopathy, can also explain the
higher Cr values. Kubota reported a significant decrease
in serum ATP levels during the acute phase of acute
encephalopathy compared with the levels detected dur-
ing the convalescent phase and ascribed it to mitochon-
drial dysfunction [23]. Although energy expenditure
increases tremendously during the acute phase of acute
encephalopathy, the production and supply of ATP can-
not satisfy the demand, leading to ATP shortage.
Although this hypothesis needs to be verified, all
patients in the severe group showed significantly higher
serum Cr values on the day of onset or the following
day. This information may help in differentiating severe
from mild cases, even in the early phase of the disease.
A disorder of cytokine secretion is not the main
pathomechanism in acute encephalopathy with BTA
i24]. In fact, it has been suggested that methyl predniso-
lone pulse therapy or IVIG therapy are not effective for
this encephalopathy. Alternative promising therapies
include cerebral hypothermia, edaravone, cyclosporine,
high-dose antithrombin, and hemodialysis. The efficacy
of cerebral hypothermia has been reported in patients
with febrile convulsive status epilepticus [25], neonatal
hypoxic ischemic encephalopathy {26}, and encephalop-
athy after resuscitation in adults [27]. The mechanism of
cerebral protection in cerebral hypothermia is assumed
to be the inhibition of glutamate release [281. Therefore,
it is believed that cerebral hypothermia can be effective
against acute encephalopathy with BTA, which leads
to delayed neuronal cell death through the over-release
of glutamate. However, the therapeutic time window
to use cerebral hypothermia is reportedly only a few
hours after the onset of the illness [?9]. Cerebral hypo-
thermia performed earlier with the detection of increase
in serum Cr levels on the day of onset or the following
day, rather than with the detection of BTA from the
3rd to 7th days, may lead to a better prognosis. In con-
clusion, serum Cr levels on the day of onset or the fol-
lowing day, minimum platelet count during the first
4 days, and a lactate peak in the BTA lesion on MRS
were significant predictors of poor prognosis. Among
these, the initial serum Cr level is expected to be an
excellent predictor of prognosis in the acute phase.

References

Yoshimowo A, Togawa M, Kuki L
indeal characteristios of aente encephaloputhy
‘»uiwm ;‘{‘ms» apileptios (n Japanesey. No To

[17 Shiomi M. i\hﬂ« 1
Oihnvaki 8. er ul
with febrile con
Flattarsu 20

[2] Fequicr

it '%'. s“uu:(ix:x‘ P, Mavor-Dubois (L
Roufei-FPeres Acute mhzmai ephalopathy predominantly
aficciing ihe frontal Jobe (ATER Y '15 aropean case, Fur J Prediay
MNewrol 20115158 A2,

116

Pakur DA, Acuwe

[3] ¥adavy 85, Lawande ;‘ AL Kulkarni S0

phusic seizures gad late redoced diffusion,

of ABC classification of acwne
encephalopathy n Jupan Gn Japancse) Shouni Nuika (1
201545195 2060,

PN, Ohumurs A Kobota T, Tauji 1. Kidokore HL

wi T, et al, Prognostic fuctors in acute encephalopathy
with reduced subcortical diffusion. Brain Dev 2002034632 9,
[6] Takanashi &, Tada H, Tevada H. Barkovich Al Hachiotoxicity in
:cu%lt \rm’phzik);’;z:thy with biphasic scizures and late reduced
ﬁm«m AINR Am b Newroradiol 20092001325,
o T. Magishima T. Kimura FL Yolota 8 Yamashita N
vt 1.oet ul. Prognosiic factors in influenza-asse
encephalopathy. Pediatr Infoct Dis § 2008:27:384 9.

[8] Morita H. Hosova \; Kato A, Kawasald Y, Soouki HL
Labora hure ics of scute encephalopaihy with muliiple
argan desfuncions, Brain Dev 200527477 82 .

[9] Rehnoronn 8. Resen L Siesjo BE. Brain ‘z‘ciﬁc acidosis and
schemic cell d amage: 1. Biochemistry and neurophysiology. J
Cereh Bload Flow Metal [981 KR

[10] &rohn KA. Link JM. Muson RP shur imaging of hypoxia.
Fonuel Med 2008:4% Suppl. 211295 485,
[11] Mathevws PM, Andermann }~ Sitver K., Karpat G. Arnold DL
Proton MR spearascapic Ll}u,d(l\,y}!dii‘\“’?? of differences in
regiona! brain metabolic abnormalities in mitochondrial enceph-
alomyopathies. Neurofogy 1993;43:2484

[12] Adger JR, Frunk JA. Bizz AL Fulham M DeSowra BXL Dubancy
MO et al. Mewabolism of human gliomas: assessment with Hel
MR spectroscapy and F-18 fluorodeoxygucose PET. Radiology
[99:177:633 41,
Gideon P, Henribsen Qo Sporling 8, Christiunsen P Olsen TS,
forgensen HS. et al. Farly tme course of Neacelylaspartate.
creatine and phosphocreatine, and compounds containing cholinge
i ihe brain afier acute swroke. A proton mugnetic resonance
spectroscopy study, Siroke [992:23:1566-72,

';:\h%mrs\/hmimga S Cvore Vo Armitage PAL Muarshall 1 Bastin

ME. Wardlaw TN Choline and creatine are not reliable denom-
inutors for caleulating mefabolite ratios in acute ischemic stroke.

Simk» 2008392467 9,
20 8. Holshe BA, Sheridan €, Colbert €, MeKenney M,

!xrdn 3. et al. Magnelic resonance spectroscopy predicts out-

comes for children  with  ponaccidental  wauma, Pe unmn
2010125295303,
[16] fshii €. Oda A, Noda M, Taki M. Mivazawa T, Murase M, et sl
Serum neuron-specific enolase in acute encephalopathy  with
febrile convulsive status epilepsticus (in Japunese). Shonika
Rinsho (Tokyo) 2007:60:1702 6, '
[17] Ishikawa §, Yamamuro M. Toguwa M. Shiomi M. Attempt of
differentintion acuie encephalopathy with febiile conva Statis
cpilepticus from febrile convulsive stiius epilepticus induced by
huwman  herpesvirus 6 ut early st No o To  Hattatsu
208042283 6,
Uemura €, Honda M. Masuvama T, lchik i K. Hatava H,
Yaue Moet all Age, gender, and body lengih offects on relerence
scrum greatinipe levels dotesmined by an cnzymatic mothod in
Fapunese children: o muliicenter study. Chin Exp Nephrol
B ENNTVEICR
[19]) Waskar Bonventre 3V, Cr
of qeute kidney fmiury, J Am S
[20] Andres REL Ducray A Schlattner 110 Wyl
R, Functions and offecis of crestine i the central nervous
systenn Bron Res B;;IE Zf'if‘i%":":‘

fchivas citted

[13

[}

(14

finary

(15] #

[t}

(18

fhub)

mine Linetics and the definition
5 cred 3o,

T Widimer

ors 1L Crareshi 1A

fmmm compounds in serum. wine, Hver,
fidney, and b Botabolism
PURLLEE0G 3D,



J. Azuma et al. | Brain & Development 37 (2015) 191-199

Fuiinawa 1 Kikichi ¥,

hikaw
i td barrier is 2 major

[22] Tac

clearance:

% #i mvolvement of trans-
o nediated provess. § Newroche HESEH 2 42
. Hoshino I Oraws HL Koide &, Ko em; i
I Fiow f;?(;mf VTP

fsumi H,
acie

Tohyamu L
of

oo M,
SE ey

cyiokines in

Induced
€Ny

status

K. Sait Y. Maruvama A Nag %CI
hypethermin/nurmotheria m{h
novrological dumage in children w fubrile reirzzx;‘u}ry
eptlepticus {in Japunesesl No To Hauuaisu 2011:43:459 63,

11

[26) Jacabs SE,

[27

28

129

i)

[}

[}

Morley T Inder TF
mara PLoet wl, Whele-body by ¥

wowhorss with hypexicischomic encephadopathy: a randomived
u»mnsi o trinl, Avch Pedivtr Adolese Med 2011165692 700,
Hypothermia aficr Curdiac Arvest Study G Mild derg
hypothermin to improve the neurologic outcome afier cardiae
arrest. N EnghJ Med 2002:346:549 36,
Busio B. Globus MY, Dietrich Wik Martiner F. Vuldes L
Ginsherg MD. Effect of mild hypotherniz on Bschomia-induced
peurctransmitters und free fatly acids in rat brain,
{3904
S, Thormon 1S, De Vita E, Bainbridge A, Herbert
L, et al “Tisorapemif‘ vme window” duration decreases with
increasing severity of cershral hyposin-ischacnyn under normo-
trorimia and defayed hy{)n(!mmm in nowhorn pigles, Brain Res
ZHGTIHI340TR B0,

tic

release of
Swrake 19§
Twata O3, Twat




