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A Ketogenic Diet for Intractable Childhood Epilepsy;
As an Early Option as well as a Last Resort
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Abstract

Since the 1920s, a ketogenic diet, of low-carbohydrate, adequate-protein and high-fat content, has been
used for the treatment of intractable childhood epilepsy. A decade ago this diet was tried as a last resort
in the treatment of intractable epilepsy. However, recent advances in ketogenic diet have enabled it to
become more commonly used worldwide even early in the course of epilepsy. Two less-restrictive
ketogenic diets, namely, the modified Atkins diet and low-glycemic-index treatment, have been developed.
These diets allow the patients and their families to choose a more liberal menu. Furthermore, a random-
ized controlled trial found that the ketogenic diet has a significant benefit, which strengthens the supportive
evidence. Recently, an international consensus statement guiding optimal clinical management has been
published, allowing clinicians to provide standardized treatment. There has also been increased interest
in investigating the mechanisms of action of ketogenic diet using various experimental models. The
authors review the history, efficacy, side effects, and possible mechanisms underlying the ketogenic diet, as
well as the experience with the ketogenic diet at Tokyo Women'’s Medical University.
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I. ThHAICTTIRERGEDESE

1. TRNVEREORBEEER

TADACHT 2RBREOEL ALTATIC X TH
%, AR FV ¥ 7 DEMTH 3 Hippocrates IXB&IC &
D TAGARESTE S - ERZIERLTBD, £z,
FHIEE L TADLAREOHMZIIND LHAENLE
THBZ BB RENT W9, 20 HLFHHEIZAD,
1011 FC7 7 > ADAHABETDH % Guelpa & Marie #8
202D TADLABEFCHL 4 HEOMEIXRIEOHF
CEYMTHBZ EEBE LI, F0O%K, 1921 Fi2T X
U B ONDURIE TH 3 Geyelin 23, BEED Conklin
BEBL TR TAPABZEINT 2REESEH T, 20
HE i RA@RIC LD 26 & 20 £ 0 BE TRENKE
Ll BE&ELL®, &5, BEEYHITD
Woodyatt 23 & & L < 3EREZERKEYL L URE
BOASOBIC LD 7 P VS EREND 2 L 2 8E
L1, FERHIC Mayo 7 U = v 7 @ Wilder b Bk
VBLIUERBEORBC LS b VIHENTALARE
KR LFROR2RETS L 2RHELD, Z08
HEET "7+ oBEE (ketogenic diet) y E@HI N
o FOEMS, ¥ P rABRED 1 HH72 0 OHKII
10~15g DRA LY, GEDH- D 1g DEEE, iZ»1HE
BTHY, BEOHER L ZRRFRRTH - 722, Uk, T
ADPAERBREAI YV TAET 2 /) NVEY—VD 2 BE
DHTHY, 7 b rERERHZEREL L TELL
FRENB LSBT, UL, 19BFERXZY 7 ==
EF Y b OBESRE SR 2 L 2 RBICEATP
WRECBELIHMTA»ARCHL L3512, 36
1967 £ B LM T AL ARERIZ IV TaBF MY Y
LAWRFEEIN, TORLFLEHTALARSIRL LH
%, EFRENBX kD, 7 rERRERRLICHER
Bhil o> Twol:, D, 1971 F£iZiZ Chicago X
%@ Huttenlocher 25t @HfEf88 (medium-chain trig-
lycerides : MCT) A A V2B LY b VEREOE
BEEBERT IR ERBORONND, 287 P VBR
FEIE—IOMER T HEMBETEE LR REREE R > T

Wiz,

2. YRUAREDER

T rAREOERIZV LY O/NREEETAPAR
BB LR ol, 1993 FEDZ L, 2MDOBR Charlie
DTADARERELZ OFLT A > AZEBERL/ BRI
LEDH S FIEEICERICERL Twichl, Johns Hop-

kins KEWC/EDEEY F v ARERMKBLI LIS
ENEZ « # ] & 1L 7z (Charlie @ £238 @ ## i http://
www.charliefoundation.org/ 2 £ & h/z\v2), Charlie
DRFIX Charlie EEZR/II L T7 + Y EREDOBKR
ZOXE), BERTIOXE>, REOME (“First Do
No Harm”, 5 : "#2,) 2HEUCLBERERDETY,
%7z, FOEEIMEL TV CENAIhIZLiITLD,
U EREERBUVLRSANED XSk T, ¥,
1998 FEWC BRI PSRRI NI —A 2 8ET 57
N a— AR 1 8 (glucose transporter type 1:
GLUT O&¥ic X 3 GLUT1 RIFESHEEHh, 7+
VERENRBIAINF—FELTOY M AERRERT
B1-HOHE—DIERETHBEZ Lo bERENOEH
BH2E o, FOK, 7 M EREDEE LI
Ko TH#HE X, 2003 E121% Johns Hopkins X% d
Kossoff 557 b ¥ > A R&ZE (modified Atkins diet)
219, 2005 #£iZ iX Harvard KF O Pfeifer & Thiele %
EBZ7Y €3y 7igkafs: (low-glycemic-index treat-
ment) 2 EFELZY, FhOOER, BETRT MR
R 45 AR ETCERAESN D ED®, KB
O7 YTECBW T BERPLICEEBICER AT
& T\ 5926730
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TRVERCEBHASA TR, UL, Szl
RIFRE B & UERRBHE SO TR, 7 P4, B
By, TRAFIREREERZ: £ & AR RBF L HEE
EhTW3,

1. FRVEICKBRITFLNAER

bR g-t FoF BB (beta-hydroxybutyra-
te), 7+ hEERE (acetoacetate), 7% b > (acetone)
DEFTH D, HERREBI B TIFETCIEI#» > g 8
fbickD&ERENZ M g-& Fo i v ERREZTA
DAREOHIH & 2 BREOHEMANBEEI R TWE L
»ORBSIRERERT 2 1 20BEL shTwy, IIF
7 b B REE b FRICHEMSIRE S h TWw 33, L
2L, TADLABMETF VTR, 7 EERmE & Rl
OWH L OEBERE IR TS HOODD, g-t FoX
VEABRIRE L IXERSER IR TVLRWY, £, »
vitro EFATR, HEL b T v FORBERIc B TR
i+ S ABER (excitatory postsynaptic poten-
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tia) # L& ¥ ¥, EEORT O hAEREER I L
pole®, UL, Billick), BB LV VABIY
v+ OEBEEREOMEME O B REKEE IR
L, ATP (adenosine triphosphate) B2tV 7 A F %
ANVEEROEETBLUR/ vy 2777 by RAICBW
TREROBRREED b I L BHESH, HF v
FINVENRLIETRITONRAEASRBEIN T WS, £/,
BEREREO7E POV TH TALABWET VIZBY
THITONAEREBSRE I N T WS,

2. BRKEYICLDIMITLNAER

7 rBEREEBLTREKMDBEIREINZ I e
5, BRI L BHITORAEROEEE N TV S,
EEIZ, FERICEIDVEREINLBIV Ly 7EEA
FEICBOLTR, TALAREOMFEIZMF - Fo*
CRERRE L iAERE T M EME L FBRA L 7: tERE &
nTw3a3®, BRickR D, 2-deoxyglucose (2-DG) & \»
S37Nna—RY) 84 Y X7 —¥ (phosphoglucose iso-
merase) DRHEIZ X D B2 H T 2 7o — 2B
BH, W DOPDTADLABMET VICBL THEFZH
HT2Z LSMEINER SN T 3349, ¥z, Bl
ATPRZHEH VT AF » R VRE, TNV —XFHRTK
BOTHEA ATP B4 X BEIFLL GABI® 5 2
EOREINRTEY, TULUhAMER2 LRSS LHEE
SN T34,

3. FRAEHRICKLDIHRITLNAER

7 BB LD Sl aREEBRO—ETH S K
a4 ~F 418 (docosahexanoic acid) 7 7 * F
B (arachidonic acid) 7z ¥#MpT LR L, RIBEER
ERREOMB L ATL T2 EDWMELH 2, F2

YAFHLUBEPIA I~y LB (eicosape-

ntaenoic acid) <7 ADBHRIZBVLTITVLhAMES
FRAGZZEBHBEEINTEY, F MV TAFYRNV
RANYTLF v RANVOEEIC L ZBFBHEEINLTWL
54,

I. 7hYAmEOEh R

1. o NRBGEOEIG

Bific’z D, Charlie B& XV EEE NI HE26E
DINRTADAEFIES L URBLrSHEsn3 v
XU RAIN—FEYD, ¥ b rRRECET 2 HEEEE
BARINID, FHRIC L B L, B L U rdb
59, 2EERVL 3BREOKTADLARBENTH-
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TNEEBRETALARE, RIERELEBRTA»AD
BEZBLTIER, 7 AREOXA 2 RENCERT
REELLTBY, "REOERE, »5 "BEis 5 DBIR
By e o0d%, iz, HIRd GLUTI KIEFE L 2
FaYRIUTZHEDOIBENE VR AEBRRESHE
(pyruvate dehydrogenase complex : PDHC) KiBfED
BEIZBLTR, 7 b ESRAOREBIALF L2
B DERGERIRB E LT3, —H, AEHRED
WS e s/NREBHETALABRE N T 23R IZBRE
Hrintns,

2. TRhUBRNEDER
REMBEBIZI bary P TRHIBXEN RIS
BlLicx O 72FVCoABERL, MU ALK B
(tricarboxylic acid : TCA) EIRgiZ LV = A NV¥ —ELE
ENZ—FT, BTy bRV EREINS Lo
T, BFBRBXEES LI U SBILREETRERTD
D, 7 MoEREOSARCENBRA T ILEND S,
%72, PDHC RIBELAD I ba vy RY TRTHER L
BNTWEN, BERXERTE LT IHED H 5122,

V. FNBEDES (Table1)

1. HHBES N RME

LB b & (classical ketogenic diet) X3
ELVRLIHEHEATWS Y b BEETHY, BE
KT A RAEEBEAE 2 S EROLEE 40
1%WL 31 L8R E L, BBEEH 75%, K7
BF 80~90%CHIRT 2, WEHEBKICHR T 319,
FERABOMTAGAELSNBRESKCEERS VS
BINTUIBBRCREEERTORWHARLE Y EE
T2, %0, EZIVBIUINYTLABTRT 528,
BECYT IVEBIUINLY T LERNFT 5, 48 B
fioRERMoDb Iy P v BEEHBL, 1~2BMU
AREEZ2BNTEZ LS TI3HEN—BREYTDH S,
1998 ££0 Vining 5 iZ X 2 SHERFLFRFIHROTRICB
WTiR, 417 o RBEEOBKBIYARBIU1IE
BOBRIT, REMENBOBD 514564 (12%) B
X U 5 4(10%), 90% LA EDRIEW A H38 D B DE 15
% (29%) BLUE 114 (22%), 50% LA EORERD
BBOBDE 284 (55%) BLUE 204 (39%) TH-
727, 2003 £ Cochrane V £ 2 — T, EIEALEBER
B VDI EETEZIEF YRRV ERERTT
SN T Wiz, 2008 £1 Neal 51z & 3 EME ALK
RBC LY Z0OBEELSTIH S W2, BPFFETIE, 2~
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Table! 4 P XMEDLLE
7 b EREOREN S b AR MCT 7 b o BfE 7 M ¥ REBEE B3y 7K
#® =33
wEE Wilder Huttenlocher & Kossoff & Pfeifer & Thiele
(HEE) (1921 )20 (1971 &) 22 (2003 ) 1# (2005 £E) 19
B . RAtH+EBELE 4:1 1.2:1 1.5:1 0.7:1
iy 80% MCT : 45%+LCT : 10% 60% 40%
BAxts  *1 5% 30% 10% 15%
E6E 15% 15% 30% 45%
AR 12 4 grein 124 Bw 6 H g 1248 (%2)®
50% LA LRIEBAD (% 3) 18~50% 22% 65% BEERED 66%
0% LA ERAFRA (% 4) 10~27% 10% 35% BEERE D 4%
RIEHE 5~10% 4% 19% N.S
BT 30~55% 35% 80% N. S.
i - B FE *MCT A4 NV%eEM - REHERE LA - M ERMEIZHE 2
- HlIRR b A% R BEESREE o BACOER, BEE  ©H
- BHASHE S MO B0 - B - ALY
-EREESREE L L - SRk HIRR D A
3  RHEATRM S K R

* 1 EEHTLLUERY

I6RETD 45 ZO/NREREETA»ABENEES
KRV BT o, 7 VABEEO 34055, 512
7AAR L 2L 3017 b B, 36 2B MCT
T URBERCEY ST SN, BAB3I Y BEKICT MY
RIREERE 54 28 & USHIREE 49 oM S h, RIEEE
BBDBD 62.0%F X 1£136.9% (p<0.0001) L E&EIZ
B L, 50%LLEOREBRDPIBDED 28 & (38%) B
LUV 44(5%) (p<0.0001), 55 0% EDORIERD
BBDOBD5% (T%) BLU04L (p=0.058) Tho
2o =7, S5&BIZBELUREKOES, 4LIEIER
REDT o REERRRTCE R D o1, BOOWER
BWTH, 7 b AREOMEEEITFES T T0%H1E,
1FRTS0%FIEEREI N TS,

T oBREOBWER L L TR EBEENS L, Eh
ik, B, ERERY, BEONE ®BREBILE,
Beh, REEELCBEITOSNT VLB, BiTich
D, 7Y REAROKRRIHEEM L T3 A
BOBRBEET, »2, BALEMLEOSIERIER
KBD LI BES NN, 2V H AT N—FT
RERB—H L epol08, PROGHECORELE
BT 288 CREWERCEBL RS oA L L, BN
BEREERT 3B CEERITEL LT\w312,

2. MCT 4 NVBmE
MCT B RSFEFB L EBL T o kE L DERL
PIV, TOMHEICETE, Huttenlocher & 13 & 817

* 2 DERGRITR  * 3 IR LRFRIRURENA LS * 4 I BENLEAD
(B&EE) MCT : The8iEA8 LCT : Bg4fEii® N.S.: &Mzl

7 M UREEOEBHEORBELENC MCT 7 + v AE
BEERL:2, MCT 7 b VBRETIHEBED 60% %
MCT A A VX DEBIRL, BEICHT 3 RACYEEH
HiEbEL EROHER 1201 T3040,
BB X CEAEOHREZENL TW3, Z0O%KD
4} T b UoEREE DHBIIRICB VT TADAR
EOIMHDOHRIIFRZETH > 720, BEA L L CHB
BEOHEESSCERBESA TV, LHL, 20094
@D Neal 5DFEIZ 4%f 1 OHHME S b o BEE L OEE
ACEBFERCB TR, $RE S N AAEREZET
hol: LMEXNT V25,

3. PhRFURRE®
HEERED 1 DTHE7 b F v A AEE (Atkins
diet) icE-J &5, 2003 £E12 Kossoff & iX AL D
FIRZHBRL 727 M ¥V A ATEEER LY, 7 M ¥
YAREETRRAEME 1 H10~20g IR LIER
FEMEHET 04T, BOE, BBk, KSR
T, AL TEE LT3, 200310 7T~52 %% T
6 BOMERTALABREIIBNT, 24 TRIENE,
B 1ETIRUEDRIERD EME LTz, 51T,
2006 £ iX 3~18RE TD 20 LO/NBHBHETA DA
BECBVWIHBTLTVS, 2ORR, Bthe v BEd
MEETE72164 (80%) DI b, 44 (25%) THRIAEH
K, B 7 4(44%) T 0% L EDRIEED, B 13 4 (81%)
T50% A EDOREED 2HE L, Ay | L AFEERLE
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Table? MBEFERKEREDRBICETIT7 P A AMEDANR

#HEE (WEE)

Hﬂ.% (1977 E) 55,56)

|l (1984 F)°

ANES (2009 £F) 5

pop | 1968~1973 £ 1982~1984 £ 1984~2007 £
BEK 514 21 % 54 %4
BEER 2~117% 6 X A~11m% 6 7 H~15%
({4 %) (EH5®1 2 A) (Pl 45%)
Hik 4. 1% b Ak MCT 7 + A MCT ¥ b VB (424)
417 oalE (124)
FmAR 1248 24 %A 1248 U458 124H
50% ERERA 248 (47%) 1148 (22%) 74 (33%) 64 (29%) 1542 (36%) 44 (33%)
(1)
WRULRIERY 174 (33%) 84 (16%) N. S. N.S. N. S. N.S.
(% 2)
FIEME N.S. N.S. 3 £ (14%) 24 (10%) 64 (14%) 1% (8%)
TR 26 £ (51%) 134 (25%) 174 (81%) 84 (38%) 2548 (46%)
TADAFRERR SREEEMARE , LB A RE FEREESBTA»A
HLLIRTADA 4/6 % (67%) 1/34 (33%) 2/171 4 (12%)
ERENIC L2 3A7o0=—%F A 7u=—FiE EREEAETALA
50% L1 _EFERA 15/23 % (65%) 3/34 (100%) 2/8 & (25%)
EEASL A 4/6 % (67%) TREFRIME 4/8 % (50%) 2B+ESERETALA
3/34%& (100%)
S FAE 5/10 & (50%) Rij1FME 1/2 4% (50%) West — Lennox-Gastaut fE & &
BOR 4/5 4 (80%)
it RE 0/34 (0%) FEEBRMFEME 2/54 (40%) Lennox-Gastaut SEMREE
1/54 (20%)
RS FIE 2/34 (67%) EMILIRIE 4/6 £ (67%) Dravet fEREE  6/13%& (46%)

ZRESBRIERE 3/5% (60%)

IX 7 0=—-RUTADA
1/3 % (33%)

* 1 1 90% A ERIFBD RURERAES L * 2 [ BFHXEED

(B&3E) MCT : hifighiBe N. S.:Z#kLl

AEOYWR L BERORBOTREMICODEFTRL T
%59, %7z, 2008 FiZid 18~53 D 30 BDEARBE
BOLTORAEME 15g L LTERML, Bl 1 4 ARE
LUBAHRABICI4K (47%), 6 WARIZ104 (33%)
DRET S0%LAEDRIERD 28,E L T35,

4. BV voBBRRNE

7V 3y 7188 (glycemic index) & 1981 £ Jen-

kins 512 & DRI X f, RAGFIC DV TRAEY 50 g 16
LRI 720 2 B o MFEE - R R T o,
INa—R50g BHWUEOEME 100 &£ LIHE
ELUTEHT 25, flz2E, BXRL SVikK70%, TR
BuKI70%, 7Vv—"8I3H 50%, FALPI -V ik
#135%, SR EEIIF 30% 2 & LHEL TW3,2005 F
i Pfeifer & Thiele i, BSOEE%2 ) £ 3 v 7 {EK
50%KMD b DICHRLIES Y £ 3 v 7 IFRAREIC
D, Il1ZAOHEBUYETADLADBREFEIBWT, 44
(36%) THRAIEWK, &84 (73%) T 50% LA LDRIER
D, e, T AREIVERELLIZDBECBY

T, 14 (11%) THREHEX, 648 (67%) TRERSD
PHERF, 24 (22%) TRIEBEELZHRE LY, TO®K,
2009 £ Muzykewicz 5 B EICEIEEDO TA LA BE
6 RKICBVT, BFRESY £ 3 v 7B 50%KMH, KA
Y% 1 H 40~60g CHIBIT 2 L 25, 1 YA
BB ED 42%, 1 FRIRBEBE D 66% T 50% L LD
RIUEBD 2WE LT, £, BRMP g-£ Fo*x B
BREL{E & i3AHBE 3w MRE{EME L AERAL, BWER L LT
SEDBECHBBERDLDATH 572, 24%DEE
RAREFHROE#ES L VMETERLoE bREL
Je®, a v YRS N—FIE, R LT b F VARE
BEZDESV Iy JIEHAREITEREL L UK
ABEERTHELELTNED,

V. SRIESEEFDIT N REDORE

LBHTB VT, 1968 FE & D HB s b o RFE LN
AL, 1982 EnSIIMCT 7 +F v ERELRALT
VBT, X5z, 2007 ELLRT P FUARKELY
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AL, GLUT1 RIEFEAHEHAL T2, YRz Bir 2
7 b REEDREEE T Table 2 i2HRT 5,

EHDIC

F/NREEETALACH L TERAIA TR Y
YEREIIOWT, TORRISERE TOESR, HE
BNTWBEARE, #ICL BT, BOBODOHELR
X, URHCBIT LR R L, BRIz TRED
BIRE, OBFERE» o, BEMLHE LT
EEXIN, EIHREAMUEBIEROER LD 208
PIEF AL LTHYER, 2V AT V—F 1
Xy zoEBSED ORI EICL D, HENIZNE
BERETALACHTZ TEH»SOBREL 20D
DHb, ki, FPLERCKAXLEEEKLTETY
EIc BT HMEBCERENZ LI R ->Tw3,
UL LS s, FFiC BTt 1960~70 R T
ZLOMBTIOY b EARESERBENL TV HD
D, BREFABCHERAEEIVSABRY L -BRIIEE
BRI ERLBECE-STWS, BaLCRD, TA
DANBRIFERBOMMPFRIATALAEORAIT LY
BokEDREREZ VDO 50, 7 b rARECHT
BHEZFCRERREZBLONDEL53TH2, &
BIRERCBOTH "BREOFERE, TR TRy
SOB/RBL L LTHEL OEMIRBRTEBTEEEL 25 2
EERBAREL 2N,
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