£ 45 4 1BR0.15mg/kg (0.1~0.3mg/kg) & 1mg/min THEE |

HuvhAjlkE
HE

!

\

2HTIL015mglkg
¥ &5 (101~2 AR

345 601~0.15 mg/kg/hr TIFHAFE ERHL,
R A S h 5 £ T0.05~0.1mg/kg/nr T
0.3 mg/kg/tr £ TR (FE0.2mg/kg/hr, BK

0.5 mg/kg/hr £ THRF])

N

BunnANE [wonamx] [wonass |
. |
EERn
2HITL01~015mg/kg/he T | | 34T T LEHVNAKERD
12~24 BEIMERERIE 17 24 RS HNE
2~3METLIEIF IS L ,////////' IVE R - VERBRRE Y,

0.05 mg/kg/hr ¥ OHK - Pk
1

BV ADRFRAERTI CLOEE LY,
fe 2L, VO ARKE 0 SUNTIRS 20, K
BETIHIORAEMCR 2 2 LN TFHE L35
BB RELTESY S A L RRORERTT
v, s ARKEE, LERROfGRYE
BEVWEHBMENDIIIRNEZCREOETEA
HELLTLEIVDLLEHFLD, B8, LoltAW
WHABHEABICER2ALBEEIE, 35Y75
A1ERBELAELSIZIVERETLZCELLS
3, BOhAHPTHRLRBECRISY T4
1 EIREEES | 562 3 7Y AR LR
T3, 7, HONABREOBAIZ 1 BIRL
B E S REERERTT D

2) SRR

VI A MEESEETUAAEE,LSIHL
FBEE, VT LABEY 0.1~0,.15mg/kg/hr
T 12~24 BEfEFEEARE 21T 5. B AER»S
SERICRBREHATE CTORZLBAP TV ATERE
4, DONAMIFISERSNIETI Y 74

- ERRABT

HOhABRE LUBRRO LY/ LBELARAR

% 0.05~0.1 mg/kg/hr ¥ 2 0.3 mg/kg/hr ¥ T
BRL T (D8, EEEBt>TREX 0.5mg/
kg/hr $THELTH X\, BEEE IR
BT, BRMECREBNERET S, BbRAIT,
3T LR EREOTIESRSRIZ0.2
mg/kg/hr BB THB, 257V 7 AR TG
%, ERREEE=S—7 5 ARESEOH
HTRATHRERITETH S, £/, MET
L) h‘bxn}uﬁi?ﬂlﬂé NTWwaZ EREZRT L,
A ORI Ty — 303U b BB, 3
VT AR L D P ASIISIS K,
D% 24 BRI ORADTERENR { £5RENE
ELHEE, 23BN 212 0.05 mg/kg/hr 37
oW - Tk L 24, EMIEERGRE L 8E
CREBRREEHS DS SERER T 2~3 1%
EBoRzZEMNHE LWL, ~F, 7YV LEE
BERE L T uh ATHBE S i WIEEPR
RHT+4r L LS, SRR LER
LTTEARERIE (BT Vo470
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B 0 A EMELT3) /L EY -V KEE
B LOBBCYINELS, Y7 AR
ES—nicd e h RERET 2 PRSI/ £H
& T HBEFGE SRR % 1 5 EE L SR
ETHYENBEOLNG, £, EHELORRSPS
WHREE - ERTA»ADO—ERC VN
REVWEBDLDS, ARBEIA 70=—TAD
ADTORAERCEAERETALADEE
RIEBERL ETRRMTHSREBEVHED I3
B, EFC k> TREMLBELVH L, BB, 7
A7 4 ) yEHETuhACKHT 227 L0FE
I DL TRAENTES BT STV,
Liz#3oT, O3 EREEPRRBRCIL-T
3FVIADEMMCENSLIILEDHLELUD
STHICBWTERTAILNATETH S,

2. Bhix Il BHEERS, RS

ISV ARBEUNOBRESERLFIETED
EWSFEEET 2, TuhARET:35/7
L 1EROSHE, HB A8, FEREC
X 2IBMOMENDH Y, HENEPHIHRBE
BT 2708, BERESEHELBSSRETOV]
e LTHALS Lz bNE, L,
FOuhANBEIEOMEE LTIV 7 A08H
B - EEERSRERAESEL, BEERLT
WA DZP LI E->THhbIBREBLUTH/FS
hz, Y75 ERWLEERRIBE
0.15~0.3 mg/kg, it #50.15~0.3 mg/kg, #&
B 50.2~0.3mg/kg, KBRS 0.3 mg/ke
LEEShTwa Y, REOBRKEMCHI->T
HESEMOERLBATRNEET S LED
ha,

. TAPARIERARREOGE

Vw2 AERES IR U 2 T 3 ERAYERENE
TADATIE, BEREELZLEDTALARESH
%L, FOMECHBETI DS, I0LD
RBEIC 2 5V 5 AR IR R L
hts, ARFOFFE LMEEORTA»A
FEOFET L B RIEMFIRER = i 5 T L H3HJRE
ThH3, 0.1~0.3mg/kg/hr O = &V 5 L¥5EcH

TR EEEFEHELSREETD 5 1 H RIARELEL
LTbARELXENZ L, EERFRALERET
BB, 5k, 25V TLAREERIENCT =
— 4> (PHT) Bl CiEEEEHITLTITD
ZELERETH S,

V., $¥YILERDEBREMER

1) 3 #V5ABBRICE DT ABEELL
5 HRATY, EECGTRANRERLTY
BBENH B, MECTHuhABDHS L
TWAIEEMERTAIEHFEELY,

2) BHIRERE LD Z VT 7 A0HMP
TitED S RBEF/ T2 L b 5,

3) #ERSROBEAATIE I VYV 7 A&
S ARG O b AT ER S LEE T2
Z vt RETGEPREREHEI EELRR
HERGEE 2 & T IRERR R B OMBIC M 5 iR
FlOLDI ATHBRERLET L Z LHBHn,

4) 2V I AIRCYPIAL OEETH LD,
T AowA vy, 7F7)AuwA{¥y, T2
F N, PLFTEAL, RININ, VAFY
i Y LOMCHEEERNEL, 1YYV ZAOM
hftER AT E0H 50, BESLET
b2, £f, 7z A YEOPRATRZ ==}
A yOMmMPRESETLRLTOIELHAISILTI
5,

5) REMoFELS L O EREENEC S
LB 0T, EMFEELHCOEERERK
fT9.

6) EMRERS L DHEHEERESERL,
BEGFEOHBICRIEMLET LI LMD D,

7) RV TREEFEEEIEO 7L Y
ZAHEEEBEL YOI YV 7 AL EVERYE
BB E 3 2 Ep 58, RSV VY
TYEVREDEBEENTWETALABRET
HTVLhAZSRALIERELH I LDERE
E2hTnhb,

8) B L AMRGE, FERAMA - BREBRTA
DAD—EER ¥ I VT ABEES WL R
MR LHEEE D &0 LHESTUC AR THEH
TS5, SHRESERERVERIILZSY
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VI ADEHMEOER DO TORFILETH D,

9) NAE Y —kEFEE (v E Y — LR
WD LA 2V LRKRES L TRERT
H % burst suppression #\1 L complete suppres-
sion CES ¥ 3 35V 7 LBBIEROMEILDH
0, EHELLHRRME  RERTALAO—E
DL ETRCHULTATHERERTICIS /4
R sRe 1meg/ke/hr F TN TA
#-4%, E{#E_E burst suppression %° complete sup-
pression L RE ST, T AME b T+2T,
SN S — VEEGFIC T B X D AL
WEEsILEh o, L, 1mg/kg/hr D3
S5 AR ERT LR - RN T 2 REIRK
D 4, BEROTEE D% D RVHIRE
Ztte, COEHRIYVILARREE L VE]
SROEBE IO L SRR & IR
By —-AESRLRASOMENRELNIOPY
I ESSEBORISLBEENR R D,

10) SFIERTOHADKECL 27740
biLBBESH 5, FOHELE X UHEMRELES
i 2WTRSHOMIFRETH L,

1)} First step

3 4Y35 4L 1ER0.15mg/kg (0.1~0.3mg/kg) &
1 mg/min THIE :

r

32 473 501~0.15mg/kp/hr THEREREL, Bn
hAFRISIA h 3% T 0.05~0.1mg/kg/hr ¥-20.3mg/
kg/hr X THR

{33 0.2 mg/kg/hr, B 0.5mg/kg/trk THIET])

BEILEATR
[72= F115~20mg/kg® > < W M~ KR |
H3wi
[ ¥ 2mg/kg it —2~4 mg/kg/hr F5iM3E |

2) Second step
2~ bHULE 8 —)b3~5 mg/kg MiE — 1~5 mg/kg/hr

RN

BBVt

| FAra—-N5mg/kg ﬁﬁ-‘2~10mg/kg/hrﬁﬁl$iij
HBNE

[ #7 3 5-113~5 mg/kg W32 —2~5 mg/kg/hr EME |

3) MihME

|4V7»u>ml

V., MROBVWhAERS S UHER
MY BERIX (BF)

AROTOLRAERS X URRCHT 2 EES
RzE LT, SEEFOEDBEROFES LUV
otk VEERLELERE 2 KR, &I
o OERNREOEWY, BetohEmAsLE
THdo

F o

1 ¥V LBEERIEERDR Rett Y
RO D S bIEE B/ NEDTVURAER,
HROBMRETHY, —FLERREGE TS
ZENEEND,

EFRO—FiE, FhE 15 R B0 TRESEBHFRE
BHES (SHROEMER ORI ERKTARN) 2
R,

[7a#%—rmz— s |

[FEBRNT £ 7/ E 5 — VAR |

[ 2 JNROTVhAER BRICHT DER
A (FAE)

X O®R
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w2
INBO TV A TRIREE G
midazolam DA B

BT 5

Effectiveness of Midazolam in the Treatment of Status Epilepticus in Children

2 | S

B AROTORATFREOBRICIR. Ty AMSIEROEMNE. WhtE %
B L UBEEOT R T ERfA LGEF BN TH S, BETRES K
FIBIRS T3 diazepam WIFIRITH L MER T 4 FEetEic—HRE1EL D,

X5 1T SRR AT v, F 70, phenytoin bERMEICAH Y, MR BAEL5E < FRIR
POERD EEESEULLT . ABERABY ) 2L EREBRIIFE D, T0XIIT,
EEISFLRTVRTVhAEFIREO EERREILIEcOMEIrH ), B
B isfi AR L 1o Ty, Midazolam BHWRAACKH T A REET G L WA,
M. WOt BEMICER, X OISR X OV RE LADHR Y RERETR
BEXELIEATETHD. FORAERKBICHTAREMRLERTED. AR
DFVHAERIREO R EHREEL LTE KRGS, BTRERCHHTELLER
5, TADATRE 2005;23:2-13

Key Words : status epilepticus, midazolam, first-line treatment, epilepsy, children
(S 120042 7B 120, STIE 204 9 H 17H. S8 12004 £ 9 A 28 H)

I IEBMITVRLAMGIIRE L #RFRT L
EOFERE PEIhns,

RIS BARTRITONRATHRKEC L TH
—kiEaHEE diazepam BBTE. H T RIEH T pheny-
toin FHEAMTHOI, ThHMNESLGEIZEFE=
RiGg#HE L LT barbiturates D §#iEH 5 WA FH

1. B L & (2

o AERBRKEL MV RADZ0
SUERE TS GEHRE) 2 FLREWRAET
bRELZFORESROREN L BFER) bo
LEFENDD, TELEGEH»LOEHRNE

EHEN TS, LAd-T, Z0L)aRad
KT A E—RIEHHIEECTETH Y, TA
BT ER I HRIE) . poREC (R2N).
WA 2RZEemb+ 52 Gihtt) BLET
Hbho EH6IT, BRERUMLZETJVRAORRIELT
W RFVBELEL. TuhATRRKEI OB L
7B L EBEADHNICITWHADERFEI LW

FHENTHONT & /225, & 512, Bk T barbi-
turates FHEDFH W WA T B R EEIS L
72 W45 lidocaine % midazolam D FERED T
N5 ENEL ol REH—KEAIER
XN T3 diazepam @ 1 AR FHEGBHITEDE
LEhITEN S A, IR SRt
FleAt D Y. & H AR £ 2 phenobarbital % &

1) deig v A Raa ity y—/hItH
(T 047-0261 /MTHisEE 1-10-1)
Kimio Minagawa

Department of Pediatrics. Hokkaido Children's Hospital and Medical Center
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TAMATE 23% 1% 200542 /] 3

barbiturates 2L S 2R TV AHEILIREH
12 FOfERPESIINT A%, F o A RFERER A
v 2~3 ERBITHER S T5HE L H DD
AR I LY. BEEO WA FTHRER
BT A ENCERV L, BN EFHLE
RS B B KIEHR O phenytoin (22T
] W ERSRERBLE T 15~30 4 LA
2450, M HIEEEAE BRIk RN B LR
R LRF L, FRTERL SOFEESBHY . K
SVEIC RN D Do RIS LTI, RIRME
RER AT 12 BERIRTIE & HER i v A% iR EATE <
FHEMHENS T A VO RAMICREEELH)
RAMET A LRE LY, SO LI, DAE
CBWTHRN SIThR TV AITVRATHURE
OE—KERB L UBE TR RE LR
Bt ENS D, EHDEDOH I 30
SUE RGNS DL Y, BN e fGHE N
Yidtro Tk Bbh b, Tasker’id diaze-
pam O R {8 &#1E % phenytoin & % \* i phenobar-
bital DEHES T 79 b a— VTR
h4X%% LT, midazolam %l Liz7 B b
- LEREREBLTVD,

—F. ENEICBV T, B—KiEH L loraze-
pam HHE. %52 KA fosphenytoin HHE, G
HEHLME O 8 = K #1213 phenobarbital #HEdH %
U 4l @ barbiturates D FFEFHENTTAN L C
¥ 3%\, Lorazepam i diazepam [Fl4k. 3%
# LY E R, X 51T diazepam X D AEN]
HE BN 12~24 B S 1D O THH
PED Wk BT CH B 72, diazepam & D EFA
ffi ] £ LTW B, Fosphenytoin MK iEHE CTlE
MBS LR BEREIRLTELLD,
phenytoin & ¥ &tk EEILEN L, L L.
b A [E T 12 lorazepam ## i 8L #), fosphenytoin
#9E81#), phenobarbital AHESAIIEA SN TW
v, CRHEEMTAIERTELZV. B
% 12, phenobarbital AHESANEHAEH A THE
dichh. FORFERTVRAILHT B HRA
Bt ST,

Lo T, BEEEARIIBW TR TE HAHE
My VWL A% TH B diazepam, phenytoin, bar-
biturates. B & LR AT % A GRBHE
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St E e DA% BEE E LTHRERE LTHE
A3 X9 I27% o7 lidocaine & midazolam (2
SnT, R AMGIEROSEME. k., %
Lo, BEMAEML., DROT VR A THURE

BRI B DIOEDER BB A L ER

AR

Midazolam t 1975 4E 127 A 1) 71 CH %€ S N,
1982 iz A 4 A TAE., BIE 3N/ imidozoben-
zodiazepine RIEHI T, AATIL 1988 FH b JFETE
X hTwv b, Midazolam (ZFRTE. FEEATIRES, &
SRR A B3 X MR, RAPIBHICBUY A AT
R OE I L TREBEH L, WuhAER
Fo T A RREIS AR IR T RWwA, T
WA BERREESRE L LTELEZ TR A
eERoat, Wbtk ekt ®hfiz. 6
IEEME T D VT, SRR DR AHERG
Fo L D EHMEE LR ERFRTEZ L0
T, KEEHICXDOTERLEHTH L. BOK
TP A THURAE O 15 #4C lorazepam FFE
> fosphenytoin FHEAMER T &, BLZ T midazo-
lam % & —KEFICHOVLLEXZVIHH £
oS IT RIS LR WIERHRIE O W A B
WAL 5 L C midazolam % & O ERARER B 7] % 4R
MLTHEY. BERMIZLTRABRRGHRIIEY
% midazolam ZHEBHOF DM L BE&MEIIL <
B HNTETWE™ Y, FEHSIL 1994 FO 5
A5 EHO/PNRD TR ATHKEIZ Y LT mi-
dazolan BHEHM ATV, TOHMMMB LI URE
VA LT ET, BOETIRBA TS mida-
zolam EHEHBANE R LY, REEEFHER
SRR BHB &I ET L ROV ATHIC
ST HEYWHEOIEF Y AT HEARMTE
(FEBFRE  KEAEATEE I0oP TH mida-
zolam DE LT 2 SR MA LI TOI
Tw37,

A% T3, (1) Midazolam 0 3 3§ 4% 59 55 1.
(@) BEGOhAERRECEREATOIER
WEHEA) & midazolam O FEMEMNFEICRT 5
iz, (3) AROFVHATRIKEICHT SH
RO RE. (@) ARV AERURE
= %14 % midazolam DA T EIZ > W THIT
;60



4 TAMAMSE 23515 200542 H

2. Midazolam DEIEZHIFE

1) FHEOHER

Midazolam (3 CREBH & % 5729, mida-
zolam JESFHE (F L 3 4 49) 13 pH 28~38 DiERE
AGEHE (Midazolam 10mg # &%, 2ml) L LT
Who L7zhto T, 5% P EREKTHRNTE.
FFRFEIX S PO ETH S, & H I propylene
glycol ¥ &FH LTwihnize, BR~OfEI D
v LA L. pH AR &b LB 3ExAEL
%728, thiopental iE§HE 2 EDQ 7 VA ) EIES
#2% lidocaine I E DEG 2 RIT B T /0, &
CIEFHAERIZIIAFEE L S5 sodium benzoate %2
benzyl alcohol b EF T,

2) {ER¥EF>

Midazolam t benzodiazepine % Z R I2f#) X,
benzodiazepine &k & GABA &k & OHA
YERIZ X b GABA ZEMATO GABA BRI A
L. F¥EMIZ GABA OB 570, Tw»
NAMEER % R+ 5 L ShTw5 %% midazo-
lam (X diazepam D% 2 f£® benzodiazepine %%
E~OBIMEEET S5, diazepam L 9 HilT
WHAAERIAEEIITH 575

3) REIMERIFESM

Midazolam {EFHHLII KIEETH B A5, kDL
B pH TidfgEtEe b, EHICHmEMM %
BRT L0, HITWRAERILEDETH S,

4) Bioavailability™*

Midazolam i fH1E T 90% LA LRI S . &b
BEBD 10 7N E #HW0 50k T 4~ BHER
L2 VBRI —BRMICIECRAITE 2, 26
2. midazolam (XiER;. M8 HREES THU®
WARL, BmtEDn, RETO—RERLZLE
WIBHITCE ARt dH 5, LA L, OKST
IR L B CoMBLaBRE S, MRTOR
WENL 27% EARTH B,

5) RSH">

B AIZBT % midazolam O3 HER (Vd) O
13 1.0~311/kg. 095~661/kg L R & &
EA R & Tt 220N H D, NEOD
Vd oA b hiv,

6) EaKexE"”

Midazolam DB S5 ERIIT97% T, 3L A
EBRTNT I AL, MR 25~4% ThH
Lo

7) {ﬁ%ﬂﬂ]

Midazolam & hepatic microsome oxidation %
Z 5, 6 7 AREOILE T ITRREIRAL
ORAYFEL FRESERT 5. Midazolam
12 CYP3AA DXEHETH L 700, il L DHBIEA]
BEDLI LD D,

Midazolam O {t# £ 12 1-hydroxymethy! mi-
dozolam #%60~70% T& O . MBIZi3 4-hydroxy-
midazolam #* 5% #iii C. dihydroxy-midazolam
BT bTrThr TERFED DI
hydroxymethyl midozolam & ¥ &} A3 45 1 B [
L4, EVMEMEEMILA LR FRTY
Vo a rEEREESTAKBEE Lo THESICHHI
Xhtld, RUEREESRICOTRICL 5EHE
T,

8) HEt™®

Midazolam i FIZFRE» Gl s D, 725
FR b 3k i B3 1-hydroxymethyl midazolam @ 7
Lo rERERT66.1~878%. it 4-hy-
droxy-midazolam & dihydroxy-midazolam @ ¥
oo rEBagRRS {ARPRIEE N, intact mi-
dazolam DR HEHIL 003% £ TH 5.

9) FEHH~

Midazolam FHEFFOHERAT MM (t1/2B) DR
Bk, AT L7~26 B, 18~64 B (Fiy
IWERD. ARTIXIRU EA08~18K ., 6
7 A ~15 A% 14~40 BRI T b, NETIERA
ER%E LW LIERRE Y. 2 X9 I midazolam
BRRMATE D, 1HBEFHEEDITVRAN
B R OfFEPEL . RFFMRZHEFSEL L
DI FFRRBER SV EE £ S5, FERTIN
ey R L DR R, TEM 26~42
HoHEROBEMILI65~120HTH 5, £
7o BTIEEHHBIFIZIEFHEERTREOIRTIC
IO MBAPERE ST B, —H. FEMSEHWH
midazolam 5P 1L F O EBIZE 4 05 L 3u,

10) Clearance”*

Midazolam @ plasma clearance O it B
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TADATR 235 1% 200342 H 5

A T i1 42~90 m!/min/kg. 64~11.0mi/min/
kg, METHE] ML At 47~19.7 m!/min/kg. 6
# H~15 75 32~154 ml/min/kg TH b <D
AR Ol diazepam O 1515 TH Lo Froeas,
A4, A& BT clearance 24K T L. LMY
ARG RERSTREOWEFLEL LS.

ANE I 100 BFRT % 2 2 B R RIHRAHER S
1% clearance 24 LY, FRARIGT H I LA
Ho, ROCHBELLELTLII LN DS,

11) MepEpE*

Midazolam M FaEE L M REORMICIXE
B0y R BRI EEH S AT v, I RIE &R
s Moy N IS ARTA B R A R E R TV %o
#2143 100 ng/ml B\ £ T2 50% L EOFEET
%%, 200 ng/m! B\ £ Tid 50% UEOHEETA
(R, BASEERIR 229 ng/ml TH o7

i ASIE %R & midazolam MAPIREL & D
BRI AR at ST B 63, i AR
+ LA IR RE LB S TRy 200~
500 ng/ml £ OEEHHLNDL?,

12) fHE{ER"

Midazolam X CYP3A4 D T T dH % 729,
CYP3A4 DiEYE % #0815 % 354 & O fF Bl T mida-
zolam @ {£ 3 & clearance 2 T L. midazolam
DOEPIEESREAT S, SOXIBEMELT,
erythrornycin.'clarithromycin\ ketoconazole. dilti-
azem. verapamil, cimetidine 235N TV Do S
7=. phenytoin i midazolam & O TMHEEE
AERLIL BB EDHEELHALNET,

13) Withdrawal symptom™

B ESERSROAM PRI LD, e
nA. BE. 9. RETH. RH B HUR
b P OERFELLOT, BFCHE, Pkl
AT BT ENLETH L.

14) BIER™™

ANELZ Bt % midazolam FHERFOBIEA & L
. TS T 4.6%. EIFR 28%. MUEKT
07%. MBS 20%. Wi 12%, Tt ANE)
Ve 1.1%. B3R 11% B@EShTwaH, 20
3 & I, HE RS O BWERIZ DM PR A A IMISE
HopEgislsebhbd.

¥ 7-. midazolam EHCHT L EHOMED,D
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4. midazolam EIFME. ERUCH T 2 REEN DL
¢, midazolam B#&IZX 5 IEMEHIHNLIE & A A
&RV T, midazolam HEHICEL o TATLIT
WA EET AL ERLVWEEX LT,

Midazolam # 5% 512 & 2 AR FIERR L LS
it benzodiazepine ¥ Hi#fl T & % flumazenil H3H
T Bo flumazenil 13X H# 001 mg/kg % &f i
L. FOBRMEAL 5D T T 001 mg/keg 308
14 5 A (FEH 0017 mg/kg. &K 005mg/kg),
HWEE 10 SURICHBET 3, Ll YuehA
AR DI ENH Y, HATIX benzodi-
azepine REA % RPZR G ENLTVDST AP AR
ZTRBEELEN TS,

15) A ERKEE AR D midazolam X5
74

i AEEREOEFIZH VS midazolam 1
FIEHET 5 & & siFEi 5 ec L T, 015
mg/kg & 0138 mg/kg/hr®. 0.02~0.33 mg/kg
¥ 006~038 mg/kg/hr”. 015 mg/kg & 012
mg/kg/hr® %z EOBRENH D HH D daE 1R
EHER S5 % 015 mg/kg W % FEBGEHER 5 BLIX
S #02 mg/ke/hr T & K 05mg/kg/hr & L T
W50, 5. I mg/ke/hr BEOKBERES 21T
> midazolam SEEHFOHETHH LA, TOH
MOV TOTHEEREE SR TRV,

3. Midazolam &fiFEREER LD
STESMBEICET 2 B

il A BRUAREO H# IS W AHIRI{ER
OEE. Bt Beltd L OREEY T
Fhfi L EREPLETH 5.

A BRI 5 RBREIE O F B BESHR
L. BEAATHORARRKEBICY L THHET
FH s TwvbEEHHEAHMODdazepam.
phenytoin. lidocaine. barbiturates (pentobarbi-
tal. thiopental, thiamylal) =2 T\ WA
s H OFYE, WhtE, Retts X URHHED
4 ¥ B LT midazolam & OB E T 5 7o

1) Eihtd

Midazolam & diazepam (3JEEH D=0 ML
MM AR MCEAB L, O TEPETH
202 7 BT, lorazepam 2 & A6 X ) BSHR
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WP ARG B A HNTES 4 B T/ Lido-

caine b 78 S 1AM AS Fﬂi“i’i’iﬂi@’é‘ét&')ﬂiiﬂ)ﬂi_

< % 5%, Barbiturates & HEE T H % 27
phenytoin {3 FFEH A AEIL £ T 15~30 R/ Ar/E
ne. EMEICE B. LzdT> T, midazolam. di-
azepam, lidocaine, barbiturates EQL LI AN E-F (N
Foh ABHIKEOH—KERICEL TS, L
#* L. phenytoin BRI VAA FRIRE X
Lo e e R B R L WL A D HRIET 15~30 57
OR/TFHHFEIND LI kHEB L U diazepam 12
FAGWRAMNE 2HEEEOBRETFHERN
FLTOEMEAERTH LA, & IlEETY
NABEHIKEOERICIARETH S,

2) @At

Midazolam. diazepam. phenytoin. lidocaine,
barbiturates & b MA LT VRAENEH TS
Atk 2Rk % complete suppression %V L3
burst suppression = & & L & 5 barbiturates @
eI X b THNT, RIREGRA LAY
2. L7=#%> T, Reye JEBBER A v 7 V. V4
e VIR A S L AREIL L Sy
A TAEIRIE TIARAIERM T 42 YRABEIRAT b IFE 1%
> barbiturates SHEMELAHHE Bhh Y
£ BRI EA - RIEHRTAPAD—IEL theo
phylline B W AT IZ I3ABE#E AR T bar-
biturates S5 fpIE BN EA SR D L HF
VR Midazolam bR ST 2 v ASREE A
%47 L. benzodiazepine &~ AL di-
azepam D 2 5T, FEHFMITI diazepam & ]
3—4 &7 & whhTw 5™, Midazolam i3 #
W1 6% BFERR | A A EREHEARGL.
WRADFET I EIM S b $ TR 545 mida-

zolam 1232 5 R ORI VT &')f‘ﬁ' AT

WIABRIREN G AR V. Barbitu-
rates & ORI TIHRAF L 0)?&[&‘5‘ ’6 PINY (3
A0 EEIERT IO A b O AT R F R I B
HLEEEERST OV, LA T, i
AEBIREOBERMPBH PR S ETIEEY mi-
dazolam ® & 5 A REMOBVERICLEHE K

st A Ty, ERASHTE O E S 4 B RE R 4F R
g - IMEB T AP ADO—BED 5 Vil theo
phylline BTV A & ] LM ET, il

o i Moy § & 42 barbiturates FREeRHIE R IRA
FIASNBERETHHEERD, HLAIL, mida
solam K iR EE I 542 X % midazolam IR £
OWEII D HH, HRERE - WERTAD?A
O—Io 1 Flizd LT 1 mg/kg/hr @ midazolam
KRS S T EEOCORBMTIEIRRE
burst suppression X complete suppression k2 Ed
LYo LMTEY, FORYELHE TS 2do
- BERHGLC diazepam & midazolam OFFHEAFE
B R T Ltﬁiﬂ:flilﬂ\h/ﬁfﬂﬁﬁﬂiﬁ-ﬁ’d:
HanEEadoinwetd LML H DA
4 ¥7 T i1 diazepam & midazolam 45 & U pento-
barbital. thicpental ® barbiturates SFEMHE & ]
MENED L MESRTE Y™, B KEREL
L T i1 £ % @ diazepam & D & L % midazolam
DIiNaEsbLVEELD, BB, HEBERICED
PV LA T diazepam ASBEXN T, lidocaine 247
Wl LS T, BEERLHEICL » TEE
ZoHPticErsHsL8bhb,
3) &4
Diazepam 3 BEE DI NE R MERT 2 & 72

FEdH Y, L IBERFIER S barbiturates
BT SRICIREERET HY E75, diazepam
EHTRAREAEL FRT L 8D e
-0, AEEEO T IIHET S EHECR
propylene glycol 25RME N TH Y 5 A Bk A
Y. REECLAFHEBLMOATY
w3 #- diazepam {E§THEIZ T sodium benzo-
ate & benzyl alcohol HIRMENTHE Y. HHRT
13 benzoate 2 ¥ Y MY ¥ E REHEAIC BV TH
oL Y LY s LT HEHE ORI
LY, %7, Hd B KA O benzyl alcohol At
$IN = f1 & L gasping syndrome % floppy baby
syndrome % EA°8 Z 5 < s hTh
poew AR AR EMICHEYND
%o ¥ 72, diazepam DR E B B IR Y
Tl £%%H’Jfﬁ£%?"§'éi?’éﬁﬁi‘l§€%®
N-desmethyldiazepam O #HHEIZ L 5 FH L 1B
422, BEBATHE - KHFIOERINA T
diazepam (23 REHICBVWTING DA LA
hh, HIIHLT, midazoiam VI, DB
WD EEEIEE Ik L REAEV. LI
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Ao T, BPEMGAE 2o & 0 JEREHCIL R U IE L S R 515
WA W E 4 ERE ARSI L DM ERIC
UL, midazolam @ I [ & FHER & UHHECTHTE
GHRELDALITFRERLAFENEFETH
prss RN TOEMN T TH DL, £
7. midazolam It THRIEN & 4 5 7o HIEREK
B THHEHRIKEETHTEFRIT TS
5%, X612, HAD midazolam EFHHIZIE pro-
pylene glycol. sodium benzoate. benzyl! alcohol
ELEITR TRV, MEMNHME»L L #H
AL EEENR V. 72, midazolam D EE
LB EH TH % 1-hydroxymethyl midazolam (2
RAEWENEEINTE A L2, 201
bEWA®, RUIFNSEZESETOLENMCLL2EE
TRV EHIIS. FRAIPEWIOES:
HOBIEAH NG E, LeMICIEEbHTERT
£ 0. midazolam HHUTE—KEHEL LTHIER
B L/ TH D L E X 5, — 7, midazolam
ORYMFSHXF IS IBEL L TR, KF
2, B, clearance @XEIN™ ., HEillk A 5 5
DEEEP L EBRELLZIEFHLY, FHIhDH
DEIZHETEDLLIRET L EHLETH
%o F7-. midazolam fEAFIZIIHE 4 DEFR & D
HMEFERAICL R EXF YL ETH B, Phenytoin
RFEBREANDEHEYND L -DLHRHED S —H W
FTH D, WPEREMENIL v, FHRPEAE A
DI ERBEAIEFEIZTE D, ERAKTHRL
RIRICEHERAERKT 7 7 v 2§55, MBI
PIEFITH . Bo THRITEA LSRR MmE
PORNL LERRMEOERLBI LT VO
T o%iEEALETH B, Lidocaine i —A/ZH
VRSN A et MUF T RO Rk L

EER~NOEZEVHY . LEHEZ S —HLET -

HhHo Tl FELTRERSFIHTIIH DA, T
WHAZERT A EXAOSRTWEY, &5
2. Lidocaine O =R H# E YW Td 5 methyleth-
ylglycinexylidide 3 X U glycinexylidide (¥ 4:
FHEEEET L0, RS IR
THL, RERHOMBIZ o225 ietEA S
5%y —77. lidocaine FEGFHE DM BUEIL AL T, 1l
FHEEL PR, T, EREMNMR N R
KEOFMICERE X S v L2%% v, Barbi-
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turates" X IFOL, WIS 372 228 A <, |
1] &k S T & WEBAPHT 2 ME ST 4 &
BIIHISTEZ2EHTITH LEMBH D, KEIEE:
MHEFIZESH S P COATIERFRTICB A, 5
HAlZ85 L. BREICIHR, MR, B URiko
T2 —%fTH700, ICUEAPLEE LD, £
1o RIFFREHER S P3N E RRI R B et 22
ELARIIRET R EREHICHMELYS
Vo 613, RARMFHERGRIIMERHIMIEL
YL, 2O ERET CREMAET 2 ED
Al gb v, £/ FMEREL. &2
WLR WD, AMErEILVWERTAENLT
TET DA, MERBEAML, MEXRE2BIL
RPTVOT, FLFHRIESPEE Ly, 2D X9
(2. barbiturates iGH#RIT L ETEICIZ AR & LB ATA
HHIZH, BRKEFHETMETH 5,

L7985 T, #2253 midazolam A% b £
N TH Y., K lidocaine. diazepam T. pheny-
toin & barbiturates i3S VWL E X B,

4} M

Midazolam (E-FEM A Iz, 1 FlEFET
v A BT R R 0 R R i 3—4 85 B &
WEEL LA Ly SRS BT CHBERHER 5257
Ml o, 1 MEFHFHRT] 24t % midazolam D%
BRMERB AT LI W BHMAEE L w
NAMEE R % ¥E3F T & 5, Midozolam & [A4%,
lidocaine & barbiturates & 1 0] £ §Fi: %5 T
MROFFEIEIRE VA FFRTHER S I L ) K
MAREHIFTEL, L, BREOTVRA
THUAREER S - BAE 2 KT RMMEEL 72
WHASIEI R R A HFHFT L5 EHNLETHY ., 1F
FAHEG AR E Tdh 5o Diazepam I3 &R DT
Enizo, BFERED 1 EERS %725
WHARFIROFFFIZH 200 £ 8w, a7
DRI LT 2~-3 R EHRSGTL22E3H D
DY BIRNREAHEET T 5 Licdto T, BN
EFREMRI DT OEERIE - B30
ETH5bHo 1B, diazepam FH I F KEDEH T
TR L TR AHER S L S 54 6 1L 5995,
RIB O ZE DA 5 b diazepam D FEEIFEG
FHIAKRTEE R L T2 vs, Phenytoin I3 1 |
REHEZ D T WA BN F O 8 #R1E 8~12 IFF
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DR A FA (S EARP AL S L 3 PNOEIETHT
x5, LaL. FREAEC PEREAHER G DTS

autm,éeuﬁww@%%ﬁﬁéﬁétwu‘

LR RE & U L 2 At S AR G i e 1 B
GEHE R BT A5 BAMICREEE LA
AT DT LY. LA T =3l
grE LI AHII R E R 5 VR H D
LS RRBILETRETH L,

5) 4BHOE LD

Fisk U7 v A SRR 0 SR T .
geift, RO 4 HBIMTS K EWEE O R
AELOTUTICTRET.

(1) %)% © Diazepam. midazolam. lidocaine.
barbiturates & & EHEICENR B A5 phenytoin
124 %,

(2) 7tk © Barbiturates. midazolam. diaze-
pam. lidocaine. phenytoin & LN THEHD A
EHaUs L o CHRERMICELED Do

(3) 424&tE . Midazolam A% L EEAE.
Diazepam. phenytoin. lidocaine tX\ { 2D
%igi % 47 L. barbiturates BRI EREETY
Lo

(4) #%itt © Phenytoin FA A AEIE Segooladc
AV AE, diazepam IR FERLATV . Midazolam.
lidocaine. barbiturates &\ 3L d PR LEY
Foiy. 1 B REHETEHRIFRIEE A AR E
PEELTH o sk ) REIMZE L7-sh gt & HEs
HHTE bo

¢+ H, midazolam B AHERAERIT)
SRtk h. IR 4ERT T S mi-
dazolam BEERELT VR ABROKEIERT
2 e LCHRBICHE 2 RRIL L e Bl aelE
HIRIE E N7

4. PROGONABRKEEEARAOLE

oA BHOS—KiEEE LT, S#SHETE
lorazepam f#iE, H#A Tl diazepam BEDITD
NTwWh, —htHDHA| (LRI ORI R ML
T IEEALETH A, EATEL NI
FEIEN TV S, Lorazepam BN RIE
¢ 5 A A% diazepam i oEsEsEd, S
LG OGO E TR TX, H= KA

g LTasEL F T F R AR T & B TE
EEERIAEIREND Z rA%w, LA L. it
A B 47 4 1T W 72 barbiturates @ o R
i EhOHTHANTRH SN AN TR0 A PR 71
RS E R ET 2 0% L DYE
WERE LTRIRENS, SHIZHLT, midazo-
lam X FHGEHERIC BV T O IR - PEBRRICHT
Z>%3-’%’-‘70‘315'.‘?’;&:’}‘&b\f:&bAIﬂ?“&%E«H’ F-EH
DEEHFTRETHD. — R TOEEN T
ﬁfbéoéem\wwnkuﬁf6ﬁmﬁmu
&mﬁ\wwnkwmwmumbfmﬁﬂﬂtm
HEZ L FFICENRTVE O, BOKIERE, W
Ek%ﬁELTﬁW?u&<\ﬁL5%—k%ﬁ
» LT midazolam HFaHEERE £ ERT 2 L2
Bt ahh EEL D, CMEoT, FLOHE
TR, BEREFRITECLELC kA0
mahb, TR EEHHL Yoshikawa 5™ mi-
dazolam % & — KIGHERIRL 355 T LAE
Aol EERELAA, 6 mitdazolam
BT B O AR, lidocaine & barbiturates
OERAREAMR L L ABERL TV A8,
R EBRMBEIZ L o TR lidocaine % pheny-
toin BE—BIREEHBHEELHY I Bo K
# #2 @ midazolam ¥ EH 2GS H SV i% lido-
caine % phenytoin AHER) %35 & 12 i, E4%8
4 ¥ barbiturates FrBtHHEGR 1T9. £X
1o, B[RS BA Reye IERERR A ¥ 7 VT v
57 b Tf e BN PR R AR BRI - NAIETR T
A A0 —Ef 35 X U theophylline B vwhA L
Sl % 723 A LD B T barbiturates 2T A1
ST UATHIEMET LY
85— KA
(1) . Diazepam 1 @& ##HE (Barbiturate T4
515, SEGESIPBIIHICIER) HD
ws 1 Midazolam 1 1 & #% {£—~Midazolam
FEEAHE
(2) FIREBIZ X - Tit. lidocaine 1 [ f#E
SEEIE (X QTHBRICE) TeRA
1= 4% % 7244 phenytoin 1 B[R AHE— (X
BIEFIE)
5 UKIAHE
Rarbiturates 1 Tl & A E—FEHiAHE (LW 4
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Midazolam 0.15mg/kg bolusi.v. ( at rate of 1 mg/min )

|

1 Recurrence after seizure arrest ‘

¥

|

r Seizure continuing J

!

[ Repeat one or two additional doses l

achieved

Continuous infusion starting at 0.1-0.15mg/ka/hr up to 0.5mgkgmhr
increasing by 0.05-0.1mgAg/hr until complete control of seizures was

b A h
r Seizure arrest

|

rSeizure arrast J

l Seizure continuing ]

A

0.1-0.15mg/ka/hr of infusion was
maintained for 12-24 hours

Optimum rate of infusion was maintained
for a period of 24 hours

|

L

every 2-3 hours

Infusion tate was gradually decreased by 0.05mg/kghr

Change to other therapy

Fig.1 Protocol of midazolam treatment for status epilepticus

s, SRR - BIERTANAD—
2t. theophylline ME TV HADGEIZ RO
1A

5. Midazolam {#B5 &
1) HOWhABREESSITTOVhARREO

oda
=it

TAMAE LU 2 OERER (BrEREE, Bl
i, SvERiE. BRMEEE, (REIENE M
. oA, A VwhALY) KHETAE
MIERMEIT WA D ETR. BRI T 5 midazo-
lam BRI OWT, Bk v &y —ICBTHERA
B e LMK AT Bo

(1) Midazolam F#E/EH

ueh ATRFRES & BiF Wit A BEZERED mi-
dazolam BHERM S A% Fig. 1 18T

. | EIREHEBR (B—KiEHE LTHITT S
4 T Midazolam 783 (10 mg/2 ml) % A fTK
2 5% EEHCAFL (1 mg/l ml AHEH) . 1 EIEE
0.15 mg/kg (0.1~03 mg/kg) &EHET] mg/min
O CRHET 50 Midazolam 1 FIEFHEIC L Y
e MERE, 6B LBETH, T
L IR R0 BT, £ Ok 12~24 WA
11 midazolam % 0.1~0.15 mg. kg/hr T #e ik &

FLIENRE LV, 725l R AR 30
AL TIE D 5 A EEDRTIHTRAERIRERIC
B EMFHERLGECHBEGHEE LT m
dazolam 1 B EOFHEZE TV, ELAIZTWRA
Aeigse. MBERROGREFLWEHFEAS L
3B F0F EEARELLTD Tz,
O WRADTH RIS ER Y A/5E 1 mi-
dazolam ] ERFHEL X 6IC1~2BRHET 5 Z
Y b e LA TORAARHAR S L58I01ET]
X %= % midazolam PFEEHEBI L RABT 5. &
7. WO ARROBSICE| RS FHFEY
T

b. $FEEEHE AT - Midazolam 1 FIEFHECT] S
s % midazolam % 0.1~0.15 mg. kg/hr T 4§ Hi ik
EEBET Do ORATIRED ZVIZITVR
AEERTE S O EAIC AT & 5 T midazo-
lam % 0.05~0.] mg/kg/hr 3 2 03 mg/kg/hr X
THIBELTW A, ERERICE > TIIEK05
mg/kg/hr T THELTD Lvo HEFER RN
B KA, BERMICIEEEOBHRE TS, b
7 02, midazolam FFHEAHERHOFHARIES
#1302 mg/kg/hr {1 % T & H. midazolam ¥ it
SRR, TERUKEE Ty — T A EE
rE RO TIIATFESEEIRETH D, &
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7o BET LT ORADIIR SR T B Z L T
s 725, Ik OMERNE TSy — LT LLL
Fifr v, Midazolam HHEiHHERANC &0 HuwitA
A X L O 24 BRI VR A DTS S
LB REEATEE LAz iR, 2~3 IF 12 0.05
me/kg/hr TOER - L& T DD RS
EE LSO EEBRREREN CDEh N
HEE 2~3 5RO H I ENER LV, —7F . mi-
dazolam FEEHERGR b VR AIHY B LM
g &R S AR5 £ IR LR AR E
g ZELTTELLETEPHIC (IFh AH
$54R82C 13 midazolam R AR 30 SEIRALE
+%) barbiturates Atk L0 HEHE R
#: 2 %, Midazolam {3 barbiturates {2 5%
FERET 4 EER B 2 A S RV REETGER
IR A S TR ARMETEHRIRON
2o T7. EXLOKGA OISR - BRIE
BTAPAD—RECD HtEiEBEvwEBbhd,
AWFSE I 4 7 02— TADADOCRAERR
R H R TEEEET A AOREFEEERUIRES
PO AR R adH 0 ) BAT JEPIS
F o TR EbdH B & B, theophylline
B8 WL ALY T A midazolam OAEFECD
WTIRERSCERF Sh TRy, Ldio
. 0L RERKZBLHREIC X o T midazo-
lam O ENH LI LEH LN L&l
BWTHEHRTLHIL MWEETH L,

(2) B, ¥ia. BHERS. ERB5

Midazolam HEFHEDA O GRBE LT, M
.. G5, BB SR TE, Wi
nb SN ZFhAMNSREZ DS
L ATED, LizhioT. EHBMICBEVTLER
IRRER IR A A2 5 & ) REECIZNRMNIE
midazolam DEFIESS, FEHOV, BRSO
»i4 Bl Td %o Midazolam LR Vi i
I IE 0.15~0.3 mg/kg. A% 0.15~0.3 mg/kg. ¥4
B4 5 02~03 mg/kg. HUEEXS 03 mg/kg &
|E SR TVEA, EROBERERICHI>THE
X BP0 BME AR R ET AL EDN
5o

2) TADAREERHOEE

Lennox-Gastaut SR 2 E L L T2 M intE

G T AD A TR 2 L O TAD AT
AL, TOMEIEET A2 LN HD. O
It 3 72434 1C midazolam FEEERFIE AR % £ W
GELEdh, b R D SFHEITIN ZAE AT
L A SEDTIEED L AR EEPD I L
MR8 T Bo 01~0.3 mg/kg/hr @ midazolam
BT BEENBENTERTH L % &
gk LT b K& 3R (., FRHICHA e ih
#ETHb. &5 IZ midazolam B FHERHETD
t= phenytoin #FiE% YrgsfEE L TITIS L
LUETH Do

6. Midazolam JAENSEORER

Midazolam GO SHOME AL LT, 1B
ERIERE & FERARIENF OEERSRPRAKRSES
FOREESRE T O A 3 i R
EYHENT A— 7 —DREFLETH L. ER AN
F R ELHEELD X 5 midazolam DHEDEOE
o TORT L LETH D, 3610, HERY
WILA D E#C b midazolam AL NS BEH
HoH FOEGE X CHERAEER EIZOWT 53
SHEORFRETH L,

7. ¥ &

it F] T NBOV WA TRIREUI KT 2 50
_RERB Y USIRERE LTHEASRTYS
lorazepamm FHESIH & fosphenytoin T aAAT
BAICRBEA SR TnEWEH, LB hbOE
HAAACLBASHELIBENTLS R ROA
WChb, T BEBATHATE 2EH &L
1} midazolam S BEENEEENB LT
BEREHIC bR ICEALERETH Y. Tuith
TREOE— KL O FIEZRGHREL LD 9
2 =k AR & 4. midazolam ATV AL
LIRREG L 25 &0 S OIHRERM AL EDD
LLEETHILEZ R

A&, T 16 g e TEEFBERFMAR
%ﬁlﬂ}‘&E(’IJJ%WJIE#EH%O)E&EIIH@&HEHE%%;%) 2
kL7,
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Summary
Effectiveness of Midazolam in the Treatment of Status Epilepticus in Children

_ Kimio Minagawa"
"Department of Pediatrics, Hokkaido Children’s Hospital and Medical Center

Status epilepticus in children is a medical emergency that requires prompt interven-
tion. Diazepam is most commonly administered initially, whereas phenytoin is the anticon-
vulsant most used subsequently, in Japan. Intravenous diazepam is often associated with
respiratory depression and hypotension and duration of its anticonvulsive effect is very
brief. During intravenous infusion of phenytoin, cardiopulmonary depression can occur as
well as venous complications and appearance of its anticonvulsive action is slow.

Midazolam has many clinical and pharmacological advantages compared with other
antiepileptic agents. It acts more rapidly and it is safer and more effective.

Midazolam should be considered as an initial treatment for status epilepticus in chil-
dren. :
J. Jpn. Epil. Soc. 2005 ; 23 © 2-13

(received © July 12, 2004, revised : September 17, 2004, accepted © September 28, 2004)
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In Vivo Studies of Phenylalanine Hydroxylase by
Phenylalanine Breath Test: Diagnosis of
Tetrahydrobiopterin-Responsive Phenylalanine
Hydroxylase Deficiency

YOSHIYUKI OKANO, YUTAKA HASE, MIE KAWAIJIRI, YASUAKI NISHI, KOII INUI,
NORIO SAKAI YOKO TANAKA, KAZUHIKO TAKATORI, MASAHIRO KAITWARA, AND
TSUNEKAZU YAMANO

Department of Pediatrics [Y.0., MK, Y.N., T.Y.], Osaka City University Graduate School of Medicine,
Osaka 545-8585, Japan; Nishinari Ward Public Health and Welfare Center [Y.H.], Osaka 557-8501,
Japan; Department of Developmental Medicine (Pediatrics) (KL, N.5.], Osaka University Graduate
School of Medicine, Suita 565-0871, Japan; Department of Pediatrics [Y.T.], Tokyo Dental College

Ichikawa General Hospital, Ichikawa 272-8513, Japan; and Department of Medicinal Chemistry [K.T.,

M.K.}, Meiji Pharmaceutical University, Kiyose 204-8388, Japan

ABSTRACT

Tetrahydrobiopterin (BH,)-responsive phenylalanine hydrox-
ylase (PAH) deficiency is characterized by reduction of blood
phenylalanine level after a BH,-loading test. Most cases of
BH,-responsive PAH deficiency include mild phenylketonuria
(PKU} or mild hyperphenylalaninemia (HPA), but not all pa-
tients with mild PKU respond to BH,. We performed the phe-
nylalanine breath test as reliable method to determine the BH,
responsiveness. Phenylalanine breath test quantitatively mea-
sures the conversion of L-[1-'C] phenylalanine to '*CO, and is
a noninvasive and rapid test. Twenty Japanese patients with HPA
were examined with a dose of 10 mg/kg of **C-phenylalanine
with or without a dose of 10 mg - kg™' - d~' of BH, for 3d. The
phenylalanine breath test {cumulative recovery rate {CRR)]
could distinguish control subjects (15.4 = 1.5%); heterozygotes
(103 * 1.0%); and mild HPA (2.74%), mild PKU (1.13 *
0.14%), and classical PKU patients (0.29 £ 0.14%). The geno-
types in mild PKU cases were compound heterozygotes with
mild (L52S, R241C, R408Q) and severe mutations, whereas a

Phenylketonuria (PKU) is an autosomal recessive disorder
caused by deficiency of hepatic phenylalanine hydroxylase
(PAH; EC 1.14.16.1). The disease causes mental retardation
unless the affected child is maintained on a strict low-
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mild HPA case was homozygote of R241C. CRR correlated
inversely with pretreatment phenylalanine levels, indicating the
gene dosage effects on PKU. BH, loading increased CRR from
1.13 = 0.14 t0 2.95 % 1.14% (2.6-fold) in mild PKU and from
2.74 10 7.22% (2.6-fold) in mild HPA. A CRR of 5 to 6%
reflected maintenance of appropriate serum phenylalanine level.
The phenylalanine breath test is useful for the diagnosis of
BH,-responsive PAH deficiency and determination of the opti-
mal dosage of BH, without increasing blood phenylalanine level.
(Pediatr Res 56: 714-719, 2004)

Abbreviations
BH,, tetrahydrobiopterin,
CRR, cumulative recovery rate,
HPA, hyperphenylalaninemia,
PAH, phenylalanine hydroxylase,
PKU, phenylketonuria,
PTPS, 6-pyruvoyl-tetrahydropterin synthase

phenylalanine diet (1). Newborn mass screening for PKU is

. performed worldwide, and patients with a wide spectrum of

clinical severity -have been identified with almost 100% prob-
ability. The incidence of PKU in Japan is 1/120,000 (2) and is
much lower than in whites (1/10,000) (3) and Chinese (1/
18,000) (4). PKU is a heterogeneous metabolic disorder at both
clinical and genetic levels.

The diagnosis of PKU is based on the presence of high
concentration of phenylalanine in the serum and lack of defi-
ciency of tetrahydrobiopterin (BH,), rather than by measuring
hepatic PAH activity. The clinical severity of PAH deficiency
is also determined mainly by serum phenylalanine level, al-
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though blood phenylalanine concentration is influenced by the
dietary protein intake. For an appropriate diet therapy influ-
enced by the social environments and personal situations, it is
important to determine directly the clinical severity of PKU
and PAH activity. As a representative autosomal recessive
inherited disease, it is important to investigate how both alleles
of the PKU gene influence PAH activity and how they give rise
to clinical symptoms. We reported in 1991 that the clinical
phenotype of PKU patients correlated with the genotype,
which was the average of in vitro PAH activity of both
mutations (5). However, subsequent studies reported that the
clinical phenotype in several cases of PKU did not correspond
with the genotype (6,7). The metabolism of phenylalanine in
the human body not only reflects PAH protein but also is
influenced by many factors, such as absorption and excretion
of phenylalanine and the regulation of transcription and/or
translation on PAH gene.

Various methods are available for in vive measurement of
PAH activity. *H-tyrosine in blood is measured after adminis-
tration of “H-phenylalanine using gas chromatography mass
spectrometry. The results of analysis using this method corre-
lated with hepatic PAH activity and clinical phenotype (8-10).
However, this method requires the use of a large amount of
phenylalanine as a loading dose (10-200 mg/kg) and frequent
blood sampling. Treacy et al. (11) described the phenylalanine
breath test, a rapid noninvasive test for measurement of the
actual phenylalanine tolerance. The test is based on quantita-
tive measurement of the conversion of L-[1-'°C) phenylalanine
to "*CO, through tyrosine by PAH. The phenylalanine breath
test provides information on the whole-body phenylalanine
oxidative capacity, as an index of in vivo PAH activity.

Recently, BH,-responsive PAH deficiency was character-
ized by a decrease of blood phenylalanine after a BH, loading
test (12) and patients with this deficiency have been treated
with long-term BH, (13-17). Most patients of BH,-responsive
PAH deficiency have mild PKU and mild hyperphenylalanine-
mia (HPA), but not all patients with mild PKU respond to BH,,.
In fact, even patients with similar mild mutations exhibit
different response to BH, (12,17). Using the phenylalanine
breath test, Muntau et af. (17) reported recently that BH,
increases PAH activity in patients with BH,-responsive PAH
deficiency. The present study was designed to determine
whether phenylalanine oxidation capacity is consistent with the
clinical phenotype and genotype and whether determination of
this parameter is useful for the diagnosis of BH,-responsive
PAH deficiency.

METHODS

Subjects. The subjects of this study were 20 Japanese pa-
tients (11 male individuals, aged 1-23 y) who were confirmed
to have PAH deficiency on the basis of clinical and biochem-
ical evaluation at the participating institutions. The patients,
except for an adult patient with mild and another with classical
PKU, were on phenylalanine-free milk and low-protein food
ranging from insufficient to sufficient. Serum phenylalanine
levels measured before the breath test in the two untreated
patients with mild and classical PKU were (.97 and 1.45 mM,
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respectively. The mean serum phenylalanine concentrations
were 0.31 = 0.14 mM (£ SD; range: 0.11-0.46 mM) in six
treated patients with mild PKU and HPA and 0.43 * 0.28 mM
(range: 0.068--0.95 mM) in 12 treated patients with classical
PKU. Two patients with 6-pyruvoyl-tetrahydropterin synthase
(PTPS) deficiency were diagnosed by analysis of urinary pteri-
dine, biopterin loading test, and measurement of PTPS activity
and treated with BH,, 5-hydroxytryptophan, L-dopa, and car-
bidopa. The criterion for classical PKU is serum phenylalanine
concentration of =1.2 mM before initiation of a phenylalanine-
restricted diet or in the absence of dietary restrictions later in
life. The serum phenylalanine concentrations in mild PKU and
mild HPA were 0.6-1.2 mM and <0.6 mM, respectivel
without phenylalanine-restricted diet. Serum phenylalanine
was measured using ion-exchange chromatography.

Phenylalanine breath test. For phenylalanine breath test,
99% enriched L-{1-'°C] phenylalanine was administered orally
at a dose of 10 mg/kg and a maximum of 200 mg afte
overnight fast. Breath samples were collected into alominum
bags at 0, 10, 20, 30, 45, 60, 90, and 120 min. 6R-BH, (Suntory
Co., Tokyo, Japan) was administered orally at a dose of 10
mg/kg with a maximurn of 200 mg, divided into two doses pe
day at —2 and —1 d and another dose of 10 mg/kg, with
maxirnum of 200 mg, 3 h before the breath test, as shown in
Figure 1. The breath test was repeated twice in seven patients
(two classical PKU and five mild PKU), before and after BH,,.
The administered '*C-phenylalanine is metabolized by PAH
and is exhaled as '°CO,. '*CO, (m/z 44) and '*CO, (m/z 45)
were measured using gas chromatograph/mass spectromete
(Breath MAT Plus; Finnigan MAT, Bremen, Germany) (18).
Results of the '>CO, breath tests were expressed as '*CO
excess permillage (A'’C, %0) and cumulative recovery rat
(CRR; %) (11). TheA' C (%c) was expressed as the ratio o
3C0O,/'*CO,. The CRR was expressed as the ratio of tota
amounts of '>CO, (moles) in expiration during 120 min fo
administered dose of '*C-phenylalanine. Total CO, productio
speed is calculated from the body surface area {5 mmol - m~
- min~") (19), and the body surface area (BSA; in m?) i
calculated by the formula [body weight (kg)®>*"® X heigh
(em)®¥%* X 0.024265] (20). Serum phenylalanine was mea
sured before administration of L-[1-'*C] phenylalanine and 1
after administration using Hitachi automatic amino acid ana
lyzer L8800 (Hitachi Co., Hitachinaka, Japan).

Day -2 | |Day -1 Day 0
0 3h
BH, b4 4 4 4 [eer
5 mg/kg x 2/ day 10 mg/kg
130, ; +
C-Phenylalanine 10 makg

Figure 1. Time schedule of '*C-phenylalanine ingestion and BH, dosing
PBT, phenylalanine breath test.
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DNA analysis. PAH mutations were determined by using
denaturing gradient ge! electrophoresis and DNA sequencing,
as described previously (21,22). Genomic DNA was isolated
from lymphocytes or EBV transformed lymphoblasts. Thirteen
exons and flanking intronic regions of the PAH gene were
amplified by PCR with GC-clamped primers according to
Guldberg et al. (23). The target exons with mutations were
amplified from genomic DNA by PCR with biotinylated prim-
ers and were purified to single-strand DNA using magnetic
beads coated with streptavidin M280 (Dynal, Oslo, Nerway).
The purified single-stranded DNA was sequenced by the dye
erminator method using an ABI PRISM 310 Genetic Analyzer
(Perkin Elmer, Norwalk, CT).

Statistical analysis and ethical issues. All data were ex-
pressed as mean * SD unless otherwise stated. Differences
between groups were examined for statistical significance us-
ing the # test. A p < 0.05 denoted the presence of a statistically
significant difference. Statistical analyses were performed us-
ing the Statview program version 4.5 (Abacus Concepts,
Berkeley, CA).

All protocols described in the above studies were approved

w the institutional review boards of Osaka City University
Graduate School of Medicine, and informed consent for the
breath test and genetic analysis was obtained from all patients
or their parents.

RESULTS

Identification of genotype. Table 1 shows the results of
genetic analysis of 13 patients with classical PKU, six patients
with mild PKU, and one patient with mild HPA. A total of 18
mutations were identified in 40 PKU alleles of the 20 patients,
except for one aliele. Four mutations of A202V (GCT —
GTT), R252P (CGG — CCG), Q301H (CAG — CAT), and
D415H (GAC — CAC) have not been reported. The genotypes

Table 1. Genotypes and in vitro PAH activity in 20 patients with

PAH deficiency
Genotype n % PAH activity (%)
Severe type
R413P 12 30 o
1VS4nt-i 3 7.5 0
RINX 2 5 0
Del5&6 2 5 0
T2781 2 5 122
Y771X l 2.5 0
A202V 1 25 ND
E6n-96a>g 1 2.5 0
R243Q ] 2.5 1000
R252p 1 2.5 ND
R261X 1 25 0
IVSiOnt-14 | 25 0
Q3MH 1 25 ND
D415H 1 25 ND
L430P 1 25 ND
Mild type
R241C 6 i5 2529
L528 | 25 2709
R408Q 1 2.5 5500
Total 340 91.5

ND, not determined.

OKANO ET AL

in mild PKU cases were from compound heterozygotes with
mild {(L528, R241C, R408Q) and severe mutations, whereas in
the mild HPA case, it was homozygote of mild mutation
(R241C/R241C). In this study, we could not find cases with
discordance between genotype and clinical phenotype.

Serum phenylalanine concentration. We also examined the
influence of '*C-phenylalanine loading (10 mg/kg; maximum
200 mg) on serum phenylalanine concentration. No large
increase was noted in serum phenylalanine concentration be-
fore and after administration of '*C-phenylalanine in both
classical PKU and mild PKU/HPA patients (an increase from
a predosing value of 0.51 = .39 10 0.62 £ 038 mM at 1 h
after phenylalanine dosing and from 0.41 = 0.29 to 0.44 =
0.26 mM, respectively).

3C0,'C0, ratio in breath test. Figure 2 shows the
changes in '3C021'2C02 ratio (A'3C) in expired air. The peak
level of A'C in the control occurring between 20 and 30 min
after dosing (42.3 = 10.4; range: 28.7-53.4%0) was signifi-
cantly higher than that of the heterozygotes at the same time
interval (27.2 = 6.0; 21.1-32.5%0; p < 0.03). These results
indicated that the administered '*C-phenylalanine dose reached
the liver at 20-30 min after dosing, where it was mainly
metabolized to tyrosine, p-hydroxyphenylpyruvate, and ho-
mogentisic acid in the liver with a first-pass effect. Patients
with mild HPA showed a small peak of A'*C at 45 min,
reflecting the residual PAH activity. Low PAH activity was
observed in classical PKU and mild PKU, and no peaks were
noted for AC. After BH, loading, mild PKU showed a peak
AC level of 8.87 = 8.99%o (range: 3.83~21.62%.) at 20-30
min. Mild HPA showed a peak A'’C (24.45%) at 2030 min,
a pattern similar to that noted in heterozygotes. BH, loading
markedly improved phenylalanine oxidation in mild PKU and
mild HPA.

60
& Control

—— Carrier

50 =8~ Mild HPA

»O~ Mild HPA+ BHy
—= Miid PXU

40 «0~ Mild PKUs BH,

8- Classical PKU

A13C (%)

0 10 20 3¢ 45 60 90

Time (min}

120

Figure 2. Time course of '*CO, excretion during phenylalanine breath test in
control subjects, heterozygotes, and patients with PAH deficiency. A"C (%o)
values during 120 min after ingestion of '*C-phenylalanine are expressed as
solid lines without BH, dosing and as dashed lines with BH, dosing. Data of
the control and heterozygotes are expressed as mean = SD, whereas those of
patients with PAH deficiency are expressed as mean values.

- 937 —



716

DNA analysis. PAH mutations were determined by using
denaturing gradient gel electrophoresis and DNA sequencing,
as described previously (21,22). Genomic DNA was isolated
from lymphocytes or EBV transformed lymphoblasts. Thirteen
exons and flanking intronic regions of the PAH gene were
amplified by PCR with GC-clamped primers according to
Guldberg er al. (23). The target exons with mutations were
amplified from genomic DNA by PCR with biotinylated prim-
ers and were purified to single-strand DNA using magnetic
beads coated with streptavidin M280 (Dynal, Oslo, Norway),
The purified single-stranded DNA was sequenced by the dye
terminator method using an ABI PRISM 310 Genetic Analyzer
(Perkin Elmer, Norwalk, CT).

Statistical analysis and ethical issues. All data were ex-
pressed as mean * SD unless otherwise stated. Differences
between groups were examined for statistical significance us-
ing the r test. A p < 0.05 denoted the presence of a statistically
significant difference. Statistica! analyses were performed us-
ing the Statview program version 4.5 (Abacus Concepts,
Berkeley, CA).

All protocols described in the above studies were approved
by the institutional review boards of Osaka City University
Graduate School of Medicine, and informed consent for the
breath test and genetic analysis was obtained from all patients
or their parents.

RESULTS

Identification of genotype. Table 1 shows the results of
genetic analysis of 13 patients with classical PKU, six patients
with mild PKU, and one patient with mild HPA. A total of 18
mutations were identified in 40 PKU alleles of the 20 patients,
except for one allele. Four mutations of A202V (GCT —
GTT), R252P (CGG — CCG), Q301H (CAG — CAT), and
D415H (GAC — CAC) have not been reported. The genotypes

Table 1. Genotypes and in vitro PAH activity in 20 patients with

PAH deficiency
Genotype n % PAH activity (%)
Severe type
R413P 12 30 0
1VS84nt-1 3 7.5 0
RI1IX 2 5 0
Del5&6 2 5 0
T2781 2 5 1@
Y77X | 25 0
A202V | 2.5 ND
E6nt-96a>g [ 2.5 0
R243Q 1 2.5 1o
R252P 1 2.5 ND
R261X 1 2.5 0
IVS10nt-14 1 2.5 0
Q301H 1 2.5 ND
D415H I 25 ND
L430p 1 25 ND
Mild type
R241C 6 15 25128
L5285 1 2.5 2718
R408Q 1 2.5 55120
Total 39740 97.5

ND, not determined.
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in mild PKU cases were from compound heterozygotes with
mild (L528, R241C, R408Q) and severe mutations, whereas in
the mild HPA case, it was homozygote of mild mutation
(R241C/R241C). In this study, we could not find cases with
discordance between genotype and clinical phenotype.

Serum phenylalanine concentration, We also examined the
influence of '*C-phenylalanine loading (10 mg/kg; maximum
200 mg) on serum phenylalanine concentration. No large
increase was noted in serum phenylalanine concentration be-
fore and after administration of "*C-phenylalanine in both
classical PKU and mild PKU/HPA patients (an increase from
a predosing value of 0.51 = 0.39t0 062 = 038 mMat | h
after phenylalanine dosing and from 0.41 * 0.29 to 0.44 +
0.26 mM, respectively).

1C02C0, ratio in breath test. Figure 2 shows the
changes in 1*C0,/'*CO, ratio (A"C) in expired air. The peak
level of A'*C in the control occurring between 20 and 30 min
after dosing (42.3 + 10.4; range: 28.7-53.4%0) was signifi-
cantly higher than that of the heterozygotes at the same time
interval (272 % 6.0; 21.1-32.5%e; p < 0.05). These resulis
indicated that the administered '3C-phenylalanine dose reached
the liver at 20-30 min after dosing, where it was mainly
metabolized to tyrosine, p-hydroxyphenylpyruvate, and ho-
mogentisic acid in the liver with a first-pass effect. Patients
with mild HPA showed a small peak of A'’C at 45 min,
reflecting the residual PAH activity. Low PAH activity was
observed in classical PKU and mild PKU, and no peaks were
noted for A'*C. After BH, loading, mild PKU showed a peak
A"C level of 8.87 * 8.99%o (range: 3.83-21.62%o) at 2030
min. Mild HPA showed a peak A'*C (24.45%0} at 2030 min,
a pattern similar to that noted in heterozygotes. BH, loading
markedly improved phenylalanine oxidation in mild PKU and
mild HPA,

60
—&- Control

=&— Carrier

50 —8- Miid HPA

~O~ Mild HPA+ BH,
B~ Mild PKU

40 ~O-~ Mild PKU+ BH,

—8- Classical PKU

A13C (%)

0 10 20 30 45 60 90

Time (min)
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Figure 2. Time course of '*CO, excretion during phenylalanine breath test in
control subjects, heterozygotes, and patients with PAH deficiency. A'*C (%)
values during 120 min after ingestion of '*C-phenylalanine are expressed as
solid lines without BH, dosing and as dashed lines with BH, dosing. Data of
the control and heterozygotes are expressed as mean + SD, whereas those of
patients with PAH deficiency are expressed as mean values.
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