Ketogenic Diet for the Treatment of Refractory Epilepsy in Children:
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ABSTRACT. Objectives. To systematically review
and synthesize the available evidence on the efficacy of
the ketogenic diet in reducing seizure frequency for chil-
dren with refractory epilepsy.

Data Sources. Medline searches were performed us-
ing the keywords epilepsy/therapy, dietary therapy, and
epilepsy, and the text word ketogenic diet. The Cochrane
Library of clinical trials was searched using the term
ketogenic diet. Bibliographies of recent review articles
and relevant primary research reports, as well as Current
Contents were reviewed for additional relevant citations.

Study Selection. Studies were selected for inclusion
in the review that reported the reduction of seizure fre-
quency following treatment with the ketogenic diet in
children with refractory epilepsy. The outcome measures
used were the percentage of patients with: 1) complete
elimination of seizures, 2) >90% reduction in seizures,
and 3) >50% reduction in seizures.

Results. The evidence consists entirely of uncon-
trolled studies. Of 11 studies identified for this review, 9
are retrospective series of patients from a single institu-
tion. Two studies are prospective, 1 of which is a multi-
center trial. The results of these studies are consistent in
showing that some children benefit from the ketogenic
diet, demonstrated by a significant reduction in seizure
frequency. Estimates of the rates of improvement by
combined analysis (confidence profile method) are com-
plete cessation of all seizures in 16% of children (95%
confidence interval [CI]: 11.0-21.7); a greater than 90%
reduction in seizures in 32% (95% CI: 25.3-39.8); and a
greater than 50% reduction in seizures in 56% (95% CI:
41.2-69.7). It is unlikely that this degree of benefit can
result from a placebo response and/or spontaneous re-
mission.

Conclusions. Although controlled trials are lacking,
the evidence is sufficient to determine that the ketogenic
diet is efficacious in reducing seizure frequency in chil-
dren with refractory epilepsy. Pediatrics 2000;105(4).
URL: http://www.pediatrics.org/cgi/content/full/105/4/
e46; ketogenic diet, refractory epilepsy, children.
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inadequate control of seizures despite optimal

treatment with conventional medications. Of the
2.5 million patients with epilepsy in the United
States, 25% to 30% can be considered to have intrac-
table epilepsy."? Poorly controlled epilepsy has been
associated with higher rates of mortality, unemploy-
ment, and cognitive impairments.?

A number of new antiepileptic drugs (AEDs) have
been approved for use in refractory epilepsy (eg,
felbamate, lamotrigine, gabapentin, and vigabatri-
n)and numerous trials of these agents as add-on
therapy for refractory seizures in adult patients have
demonstrated a modest benefit. A recent meta-anal-
ysis included an analysis of 10 placebo-controlled
trials of gabapentin and 11 placebo-controlled trials
of lamotrigine.* Response rates, defined as the per-
centage of patients with a greater than 50% reduction
in seizures, were 20% for gabapentin versus 9.3% for
placebo, and 21% for lamotrigine versus 8.9% for
placebo. Although primarily labeled for adults, these
agents are being used frequently by clinicians for
children with refractory seizures.’

A second option for patients with refractory epi-
lepsy is surgery. A resurgence of interest in surgical
treatments for refractory seizures has occurred over
the last decade. Definite indications for surgery in-
clude the presence of a epileptiform focus that is
amenable to surgical resection. Approximately 10%
of patients with refractory epilepsy meet these crite-
ria.? In such patients, the success rate of surgery in
eliminating or substantially improving seizures is up
to 80%,* and this improvement seems to be stable
for at least 4 years.” Controversy exists in the litera-
ture concerning indications for other types of anti-
epileptiform surgery (temporal lobectomy, calloso-
tomy, and hemispherectomy).” The morbidity of
neurosurgery for intractable seizures is not well-
reported, with small retrospective series reporting on
results from 1 type of surgery.>8-1° Serious complica-
tions have been reported, such as postoperative
motor deficits, recurrent central nervous system
bleeding, hydrocephalus, and wound infections. Un-
fortunately, the rates at which these complications
occur remain ill defined.

Over the last decade, the ketogenic diet has gained
popularity as another treatment option for this group
of patients. Dietary measures have been described
for the treatment of epilepsy since ancient times.
Anecdotal reports documenting the success of fast-
ing or starvation in the treatment of seizures exist as

Intractable or refractory epilepsy is defined by
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far back as the 5th century B.C.!! Interest in this form
of therapy was rekindled in the early 20th century
after reports by physicians of dramatic improve-
ments in seizure frequency after a period of fasting.

In the 1920s, pediatricians at Johns Hopkins Uni-
versity postulated that the antiepileptic effect of star-
vation resulted from ketosis, ie, the presence of ke-
tone bodies in the circulation. These physicians
demonstrated that it was possible to maintain a state
of ketosis without prolonged starvation, by severely
limiting the intake of carbohydrates and proteins,
and thereby forcing the body to use ketone bodies as
the predominant fuel source. The classic ketogenic
diet, developed at Johns Hopkins, contains fats in a
4:1 ratio to carbohydrates. The amount of protein is
regulated also so that ~90% of calories are derived
from fat. This diet was used as a treatment for epi-
lepsy fairly commonly in the 1920s and 1930s. In the
late 1930s and 1940s, as effective antiepileptic drugs,
such as phenytoin and phenobarbital, were intro-
duced into clinical practice, the ketogenic diet was
largely replaced by drug therapy.'

The mechanism of effect of ketosis on seizures is
not understood. Various theories!! have postulated
that: 1) there is a direct stabilizing effect of ketone
bodies on the central nervous system; 2) resulting
acidosis accompanying ketosis modifies the seizure
threshold; 3) changes in fluid and electrolyte balance
result in reduced seizures; and 4) change in lipid
concentration induced by the diet has an antiseizure
effect.

Despite the lack of a well-defined mechanism of
action, numerous reports have appeared in the liter-
ature that have suggested benefit of this diet in re-
ducing the frequency of seizures. The objective of
this present study is to systematically review and
synthesize the literature evidence reporting on the
efficacy of the ketogenic diet in reducing seizure
frequency in children with refractory epilepsy.

METHODS
Search Methods

Medline searches were performed using the keywords epilep-
sy/therapy cross-referenced with the textwords ketogenic diet,
and then using the keywords dietary therapy crossreferenced with
the keyword epilepsy.

A World Wide Web Search was performed using the term
ketogenic diet on the Alta Vista search engine. The Cochrane
Library of clinical trials was searched using the term ketogenic
diet. Bibliographies of recent review articles and relevant primary
research reports, as well as Current Contents were reviewed for
additional relevant citations.

Study Selection

Review of bibliographies revealed references dating back to the
1920s and 1930s. Because of the uncertainty of comparing studies
of that era to more current research, article retrieval and review
was limited to studies published in 1970 or later.

Studies were selected for inclusion in the review that met the
following inclusion criteria: 1) reported relevant health outcomes
after treatment with the ketogenic diet in children with refractory
epilepsy (refractory was defined as suboptimal control of seizures
despite multiple medication trials or intolerance to any effective
medications); and 2) treatment given was either the classic keto-
genic diet or a modification of this diet (eg, medium chain triglyc-
eride diet).

The main outcome measure evaluated is a reduction in seizure
frequency. The optimal outcome is complete elimination of sei-
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zures. A 50% or greater reduction in seizures is considered clini-
cally significant. Many studies also reported the percentage of
patients achieving near complete elimination of seizures, usually
as a percent reduction of 90% or more. These 3 outcome measures
(complete elimination of seizure, >90% reduction in seizures, and
>50% reduction in seizures) are the outcomes that are reported in
this review. Studies were excluded if they contained only subjec-
tive outcomes (eg, subjectively improved or not improved). A
single study was excluded for this reason.!®

Analysis

Combined analysis of the percentage of patients achieving the
relevant outcome measure was performed using the confidence
profile method (Fastpro software, Academic Press, Inc, New
York, NY). For each outcome measure, a test of homogeneity was
first run among the included studies with the following results:
complete elimination of seizures (x* = 15.5; P = .05); 90% reduc-
tion (x> = 10.3; P = .07); and 50% reduction (x*> = 42.8; P < .001).
Because each of these tests of homogeneity reached or approached
statistical significance, a random effects combined model was
used.

An overall assessment of study quality was not performed
because of the uncertain validity of overall quality measures.'*
Rather, specific aspects of the study design that were believed to
be most likely to contribute to variability in outcomes were ab-
stracted. The first of these elements was prospective versus retro-
spective study design. A sensitivity analysis was performed using
only the prospective studies. The second set of elements related to
the patient population. Although the treatment given and the
outcome measurements were relatively uniform, the patient pop-
ulations and the degree to which these populations were de-
scribed varied considerably. The following data elements were
abstracted: mean age of patients, type of seizures, mean pretreat-
ment seizure frequency, mean number of pretreatment AEDs,
development stage/IQ, and completeness of reporting inclusion/
exclusion criteria. For each of these factors, a score of 0 (no
information on that parameter), 1 (incomplete information on that
parameter), or 2 (complete information on that parameter) was
given. Sensitivity analysis was performed on the studies that were
rated the highest on these specific elements.

RESULTS

A total of 11 studies were identified that were
published since 1970 and met the inclusion criteria
for detailed review!>? (also ]J. M. Freeman et al,
unpublished data, July 1998). This body of evidence
consists of uncontrolled studies of children treated
with the ketogenic diet. There are no controlled stud-
ies that directly compared the ketogenic diet to drug
therapy or surgery. Patients treated in these studies
were all refractory to treatment with AEDs, although
the definition of refractory varied among studies. In
general, all patients had failed or were intolerant of
treatments with multiple drug regimens.

Data from the studies reporting efficacy of the
ketogenic diet are summarized in Tables 1 and 2.
Ten studies were full-length articles published in
peer-reviewed journals.’>* The final study was an
unpublished manuscript obtained with permission
from the authors (J. M. Freeman et al, unpublished
data). Nine of the 10 published studies were ret-
rospective clinical series of patients treated with
the ketogenic diet at a single institution.’>* Vining
et al** is a prospective, multicenter, uncontrolled
trial enrolling 51 patients from 7 clinical centers.
Finally, Freeman et al (unpublished data) is a pro-
spective study of 150 consecutive patients treated
at 1 institution.

Nine studies reported the percentage of children
who became seizure-free,'>21?* (also J. M. Freeman et

KETOGENIC DIES O T FRE AT QE-BHERAS B RAEREERSY, I S14ILDREN



‘Teunsajuronsed ‘o) “10dar ou YN OPLISOASLI} UTeyd wnIpaw ‘I DA 19Ip d1ua3039y S$93edIpur (13

(¢) %¥—souoys Loupry
(15/7)—Sunrwop
(19/2) %¥—suondajur
paseanu] (T
/%) %8—uonednsuod
(15/2) %P—s1s0pPY
(16/7) %v—ASreye]
8S/1)
9, ¢—eruaded0dAH (85
/1) %Z—S1SOpDY (85
/27) Y%g—reruaounodAry
(86/€) %G—sduols Asupny

1P

Sunaeys uodn syused

JO 94,GZ Ul SSOUISMOIP

jusisuel] ‘sjusred

jo rey A@rewnxoxdde,,
ur paxmddo swojdwAs 19

L uowrwod, —ured
[eurwopqe
pue eayLrerp piy

‘ured [eurwopqe

‘unruuoa “eayrrerp

—swojdwiAs [5) 919498
M (%9°£1) spudned ¢

AN

121P U0 A[IyMm
sprdi] wnias ur asearour
juedyIUSIS ON AN

AN

juened [ ur 3o1p

wo COﬁmSEECOumMﬁ 0}

Surped] ‘(g1 /%) syuoned
JO 9,¢¢ ur swoydwAs 19

uopepIe;ar ypmoid

djeIapow PaMoys

syuanyed 3SON (€

/1) %g—sauo3s £oupry

(¥£/€) %6—SsauIsmoIp
JulIsSuer} payIeIAl

(0ST/£9) %SH—ow TT
(0ST/¥¥) %6C—ow 9
(0S1/52) %L1—owW ¢

(16/€7) %SF—ow ¢1
(IS/%1) %LT—ow 9
(16/9) %c1—ow ¢
ow Z[ je Ja1p
UO paulewal saInzos
UT 3SBAIIRP 9,06<
yim sjusned jo 94,08
parewnsy (85/€) %T'S

(68/2) %¥€

(paymads jou porrad
aumy) 13e (06/6)
%81 "19SIN0 12 (0S/9) %I
Ayiiqerajoyur
0} a[qenqriye
(L1/T) %811 's109339
9SIDAPE 0} S[qenqriyje
(L1/€) %9 LT (L1/9) %6C

AN

AN

J9IP PONUNUODSIP
syuanjed may v
Aiqeaatorur

0} a[qeinqruje | ‘s}0aj30

9SI9ApE 0} d[qeinqLijje
panunpuodsIp
uened 1 (C1/7) %LT

yuswoaoxduur

ajidsap panunuodsip

sjpuarjed g ‘}osino wody

J91p 931RIJ[0} J0U P[NOd
syuaned 6 (¥€/11) %CE

S[eAIdJUL OW-7] -9 -¢
Je PIssasse SawodNy
‘syuared Aq syroday

S[eAIdjUl OW-7] -9 -¢
1€ PISSasSe SaW0dIN
‘syuared Aq syroday

JUSWISSISSE JO dWT)
Je Juawear) Jo ySud
J[qeLIeA “suepIsAy
pue sjyuared £q syroday

Ja1p U0
M 9 I9)je pajen[eAq
‘syuared Aq paurejurew
o1 Aj1anoe ainzreg

91p JO uonezIIqe)s

Gurmoroy ym

7 'syuared Aq s8of awoy
pue sp10da1 [ejrdsory

(& y—ow 9) jo1p uO
o jo yy3uay d[qerrep
‘syuared Aq paurejureux

o1 Ay1anoe ainzreg

191p U0 dw} Jo yj3ud|
O[qBLBA N POURIN

19Ip Uo oW ¢
}JSB9[ Je Idjje pajeneAd
asuodsay YN POYIRIA

M 1= I9)je pajenjead
asuodsay YN POYIRIA

J91p uo ow
1 1SBJ[ Je Id)je PaIssasse
asuodsay YN POYIRIA

J9Ip Uo ow g
JSBI[ Je I9)e PajenyeAd
asuodsay N POYIRIA

[eL [edtuIp
parfonuodun ‘oAndadsor

[ern
[e2TUI[D pa[[oIuodun
‘1)uadn W ‘9A10dso1 ]

sisAeue
aanoadsonay “syusned
9ATINDASUOD ‘SALIDS [LDTUI[D)

SIWODINO JO JUSWSSISSE
2anadsonay
'S9LIdS [EJIUT]D)

)
SWODINO JO JUSWSSISSE
2anadsonay

*SILIS [LDIUID)

(@)
SWODINO JO JUSWSSISSE
aanadsonay

*SILIAS [LITUID)

sisATeue aandadsonay
*S9LIAS [edTUID)

@)
sisAreue aanoadsonay
"SOLIdS [edIUI[D)

stsATeue aan0adsonay
*S9LIdS [BDIUI]D)

(@)
sisATeue aandadsonay
*SLIdS [RIIUI[D)

stsATeue aan0adsonay
*S9LIdS [BDIUI]D)

Py

Py

Py€

AN Aegs jo pSua

P 81 Aejs oa8eroay

AN

AN

AN

M 9-¢

P O1-¥

paymnads jou
Keys reyrdsoy jo \yy8uay

onjer
1:¢ uo nd syusdsajope
pue ppo £ > uaIp[np
awog orjer urajoxd /yey

¥ "aX o1ssed

oner urjoxd/jey
L% "aX dssed

oner urajoxd /yey
1% A d1ssed
syuanyed g—paxI

syuaryed

€1— LD PYIPOIN

sjuaned gz—3o1p IO
syuanped GT— d1Sse[D)

19Ip IO

PP LON

] drssep

)M pajear) uaaq pey
URIP[IYD 81/8 1IP LON

1Ip LOIN

oner ujoxd /yey
T:¥ "aX d1sseD

1P LOIN

oner umjoxd /ey
T:¢ "aX d1sse)

SAAV T ised]
Je pafrey M /aInzios
7< ‘A 91-1 23y JaIp
o1ua8039Y Y3Im pajeasy
USIP[IYD 9ANNDIISUOD ()G
SayIS
WOLj PI[[OIUL “UoLienyis
rerosoydAsd ayenbape
‘SAFV T 1509 e
Pa[te} M /2mzZIds 01 <
‘PIo £ §-1 “USIPIP [G
JUSWILIOIIAUD WO
ayenbape pue sqay
ardnmuw 0y Kro3oeryar
116 ‘A ynm pajesan
sjuanjed SAINDASUOD §G

sympe

¥/ USIPIIYd GG "S)o9J0

9SIDAPE SIS0l

10 ‘S(JHV [EUOLJUSAUOD

Jo spery ayenbape

0} puodsaz 03 payre
pey oym syuaned g6

‘pakerap

Aqreyuswdopaap

10 papiejar

AP1aAds apnpxy

'sqqV oyerrdordde

0} puodsax 0} pafrey
PeY oym uaIp[ip 0g

sqav
snorownu ajrdsap

‘S9INZ19S d[qeIoRnUT
YHM UIP[IY /]
SUOTIRUIqUIOd
SNOLIBA Ul SUOT}RdIPaUI
03 A1030R1§91 UBIPIIYD QT
,,SUOTJRUIqUIOD SNOLTEA
ur * "S[eLI} dATSUDIXD,,
I9)je SuonedIpau
03 A101dR1§91 USIP[IY QL
URIP[IYD GT/€T SAHV
JO SUOTJEUTqUIOD SNOLIEA
0} Juenoedar syuared g1
ow
1SE3] 1€ I0J MM /SIINZISS
¥ JO Winuwiury
'SV 03 A103oerjor
S9INZIAS YIIM UDIP[IYD T

a1 o

SAONPUOD JUIWUOIIAUD
[e100G “SUOT}EdIpIW

0} A103001)01

eyep
paystqndun “wewsary

8661/ 19 Sutuip

2661 /T2 39 uewsuRy

6861 /T 19 ZITeMUDS

9861/1¢ 1 SIIIS

G861 /Idunel],

8461 /ueuriog

9461 /19YPO[USHNE]

9/61/Te 10 Dleue[

1£61/1¢ 39 19Y20[UNE]

SOINZIdS WPIM URIPIP F¢  0L6T/YoUAT pue sunjdoy

$309JJH ISIAPY

(191 anunuodsiq
oYM spuaneJ Jo
a8ejuadia J) aduerdwo))

JUaWISSaSSy/ awodNQ

uSisaq Apmig

uoneziejrdsory

jel

syuaneJ

1eax /Apmig

sonsuRpeIRY) APNiG—sainziog A10)0eIjoy] JO JUSWILdL], ) Ul (I

T 41dVL

30f7

Downloaded from www.aappubl AAIRHS XY NY S HHLIGR RLE- (58 { 7ot/ full /105/4/ ed6



‘p10da1 ou N ‘Teunsajuronsed ‘10 OPLIOAISLI) UTed WNIpaw ‘] DA 1P dTUa8030y Sa3edIpur (1Y

saInzias Surseanap

ur Aoedyyye 0}

pajepa1 A[asop Ja1p uo
Bururewas jo Liqeqorg

samzios Surseadap

ur Aoedyyye 0}

paje[a1 A[osop 3aIp uo
Sururewar jo Ajiqeqor g

uononpar

%09< JIM papuodsax

oym sjuaned

Ul SYIUOW 9 e 906~

aouerdwo)) ja1p dojs

0} ySnouo 219A3s $109JJ9
as1oApe yym sjuaned ¢

1a1p Jo ad4Ky £q 109530 un

SIDUSIANIP JULdYIUSIS

ON ‘'sjnpe ut

asuodsar 19889 pIemo}

PURL], "USIp[IYd GG
UT SOIpMIS €9 10J S)NSIY

S9INZIDS JO SDUDLINDAI

ou UJIM judiuyear)

JO A a10ur 10 7 I9)ye
jo1p paddoys uarpp ¥

1o1p im A[dwod jou

pmod syuarzed jo 967

*991J-91NZI9S PAUTEWDI

pue £ y—¢ Iajye ja1p
ponunuodstp syuaned ¢

pawroyrad

$159} [ednsIIe)S Ou ‘(I

o1ssep ypIm Jotradns
S)[nsaI papnpPuo))

109530 JuES[NAUOdUE

pue SaTPOq U0} JO

2491 euwised usamiaq
puUnoy uonePIIo)

sajelg

payun 03 paredwod

Se J9Tp UT UoTjeLIep
‘erpuy ur paurtojrad Apnig

juarjed auo ur jo1p

JO UOLIENUUODSIP 0}

Suipes] “(z1/¥) sjuened
JO o,¢¢ ur swoydwAs 19

(%) yuduwRA0xdwr

sjesapow,, , (%67)

juowaaoxduur yonur,
:$911033)ed dsuodsar BYIO

AN s[rereg
‘SN (JHV UI 9SLaIddp
pey sjuaned awog

AN st dAV o s[tered

uondNpaI pey %9

‘SQAV [[e PaNURUodSIp

%01 “(6€ = 1)
syuanyed pasroxdur 104

AN
sagv
Iay}ng ou pasmbaix
pue [ox3u0d 33a[dwod
ym 1 syuened g/§

AN

AN

AN

AN

AN

(0ST/SL) %08
(0ST/4L) %18
(0ST/68) %09

(18/02) %0%
(16/£2) %ES
(16/82) %¥s

(85/T2) %8¢

(£9/19) %18

(0S/T0) %¥¥

(£1/9) %6T

(8/%) %08 (81/9) %EE

(8T/91) %68

(ST/ST) %00T

AN

AN

(0ST/1¥%) %LC
(0ST/8%) %ce
(0ST/08) %EeE

(18/11) %cT
(16/ST1) %6
(1S/€1) %S¢

(86/L1) %6¢C

«(€9/92) %1%

(0S/2T1) %¥c

AN

AN

(81/01) %95

AN

AN

AN

(0ST/1T1) % 0w gL
(ST/8) %¢ 0w 9
(0ST/%) %€ 0w ¢

(16/6) %01 0w ZL
(16/9) %cl1 :ow 9
(16/9) %cl :ow ¢

AN

AN

(05/8) %91

(£1/9) %6T

(8/7) %S¢

-2188eD (81/1) %9'S-1ON

(81/%) %cT

(S1/¢€) %0T

(T1/%) %ee

(#€/€) %88

oner urajoxd /jey
T:% "aX d1ssed

onjer urajoxd /yey
1y "AX 2IsseD

oner urajoxd /jey
T:% "aM d18seD

syuaryed

6 ‘paXIIA syusnyed

€1 :IDN PaUIPOIN

syuaned gz 391p LD
syuanyed G (Y dISse[D

1P LON

39Ip IOIN

PP LON

¢Ip IO

oner urajoxd /jey
T:% "aX d1sseD

39Ip IDON

oner urajoxd /ey
1:¢ "aM d1ssed

0ST

19

89

69

0s

L1

81

81T

a1

cl

P

ejep paysiqndun
‘Ie 30 uewadL]

[e 39 Sururp

2661 /T8 39 uewsuny

6861 /1€ 19 Z)IeMUdS

9861/18 1 S[IIS

G861 /10unei],

8/61 /uewriog

9461 /19yP0[UsHNH

9/6T/Te 19 Dleue(

1261 /1€ 19 Iaypojuapny

0£61/4ouk] pue supydopy

SPUAWWO))

s dAV

(Te301
JO 9,) 9L %05 <

(Te3or,
JO %) 9sLIIR( %06<

(12301, JO 9,) 991 2INZIdG

PIa

u

1eax /Apmig

SOWIODIN)—SIINZISG AI0JORIJIY JO JUdWESL], dY} UT (I

¢ H14VL

KETOGENIC DIES O T FRE AT QE-BHERAS B RAEREERSY, I S14ILDREN

40f7



(SAAV Jo s[eL g ised] je pafrey pey syusned Sjoam | ueyy 13ea18 jo Aousnbaiy amzies pey syuaned [re ‘89) 3rodar ur rejowered uo uoneuriojur JIdxe paurejuod = g pue {(sqgy ordnnu jo
asn snoraaid ‘sarnzres yuanbaiy “39) pajrodar Appzordwoour 10 ‘@imjeu andea jo g ‘310dax UT PAUTLIUOD UOTJEWLIOJUT dWOS = [ ‘}10dar ur paurejuod Jejowrered Sy} uo UOReULIONUI Ou = () 49y SurI00g

‘310da1 ou sajedrpur YN

wrerdoreydaousojoaye

uo sadreyosip urrojndarids

Jo aouasaid ‘uorsay

SSewr [e1gaI1ad JO ddUISqe
‘0e< OI ‘A ¢1> 19su0 jo a8y

L STPAJ[

POO[q PaIeIa[0} WNWIXeu

je sjuade JueS[NAUOIHUR

ayerrdordde - - - ayidsap,,
2INZIdS PI[[OIFUOIU]

(04> Q1) uonepielar
Quﬁwg Emhwﬁoe

/pinu yam spuaned Jo o419
(1 = syurod [e303) , Adesayy
ondaqide-nue TeuonuLAU0D

Jo srerny ajenbape

ow /2INZIds T Uey} aI0JA

sad£y v (39suo je a3e) ppo £ §'¢

(1 = syurod
12103) £ GI< %6 £ G101

(0661/12uder
pue Iaydo[usyng)
S[OIJUO0D [eILIOISIH

i (0 = syurod [e303) AN (0 = syurod [e303) AN 03 puodsax 03 parey “ * -, (0 = syurod [e309) AN (T = syrod eyon) sad&y v %81 £ 016 %e¥ £ 6-0 %¥e 6861 /T 12 ZHEMDS
(1 = syurod [ej03) uonouny (1 = syurod [e303 (z = syurod
a[qeuosear Suradnoe ,uade a[3urs e se UaAT 1€303) Tenaed xojduwod
JO @duRYD Pood e daey 0} juesnauoonue syerrdordde 10 ‘9DUdsqe dIUOOAW
$  POIOPISUOD UDIP[IYD :UOISNdUL (0 = syurod [e303) AN 0} puodsar 0y pafre,,, (0 = syurod [e301) AN ‘OIUO[D-DTU0} PIZI[RIdUSL) (0 = syurod [e303) AN 9861 /T® 19 S[[IS
(1 = syurod Te30y)
,,"SSNIp JO suoreUIqUIOd
10 S3NIp SnoteA " * 0} (1 = syurod
¥ (0 = syurod [e303) YN (0 = syurod [2303) YN puodsar 0} pafre],, (0 = syurod [2303) YN (g = syurod [e303) sad4y v 12303) £ /1~ o8uey 8/61 /ueuLiag
(©
= syurod [e303) , UOTjEdIPIWT (1 = syurod (1 = syurod 1e303) £ 0g-T12
¥ (0 = syurod [e303) AN (0 = syurod [e303) YN 93dsap S2INZILS JUBLIO[EIY, 18303) P/67->1Mm /¢ 38uey (¢ = syurod [e303) sad&y IV %02 £ 02-0T %L¥ & 01-0 %ES 9/61/Te 39 DYeue(
(1=
syurod [e303) , SuonRUIGUIOd
SNoLIeA UT S3NIp (1 = syurod
4 (0 = syurod 1e303) YN (0 = syurod 1e303) AN JUBS[NAUODTUE UO S[RIL],, (0 = syurod e301) N (g = syurod [e303) sad4y v 12303) A g 03 owr g1 a3uey 9/61/I9Ud0[ua)INE]
(T (1 = syurod [e30) ym
= sjurod [e}03) suonEdIpIW ¢~ K199 )SP9] Je SaInzIos
JUBS[NAUOdUE SNOISWNU pey /1 /¥ ‘saanzies Ajrep (1 = syurod
g (0 = syurod EBVA AN (0 = syurod [e30) AN uo pary usaq pey [y adnmu pey sjuened £1/¢1 (¢ = stuod [e303) sad4y [y 1e303) 4 g1 :a8uey G861 /10unei],
<
= sjurod [e303) 121P JO 3800
eIXd pIOJJe 0 d[qe 4IIp
Sururejurew 03 SALNPUOD (1 = syurod
djewrr awoy pue sjuared [€303) 9sn ur A[uowuIod (1 = syurod [e303)
spooj Aj3eJ JO DdURIA0} JuES[NAUOdIIUE ATOAD Asdaqida 1030w T0UTW (z = syurod
9 poo8 pey juaryed :uorsnpuy (0 = syurod [e303) AN A[[en3ara paAIadal pey JSOJN (0 = syurod [e303) AN pey sjuanjed jo Ajrrofejy 12103 ‘A ¢1-1 Po8uen) £ g9 6T /youlT pue sunjdop]
(1 = syurod Tejoy)
J9Ip 0} AIAYpPE 0} JUSIINS
L uonenyis awoy pue A (0 = syurod [e30) AN (T = syurod [e100) £'1 ¥ 6% (0 = syurod ﬁEBVWZ (¢ = syuod [e303) sadfy 11y (¢ = syurod [e103) £ g°g T661 /18 30 uewsuny
(1= (I = syuto
(1 = syurod syutod [e303) sUOTIRUIqUIOD [e303) I /€ Ul Snonumuod
Te303) porrad our-z e 10J Jm snotreA ur sqay jsourry “spuened (z = syurod
A /9INZIdS § JSLI] Je :UOISnU] (0 = syurod Te303) YN jo sreryy pey sjuoned [y 21/6 ut p 12d 0g-1 :8uey (7 = syurod [e303) sadAy [y [e103 ‘A 91-g'7 :e8uer) £ 101 1461 /1€ 19 IoydoTuaynE]
(1 = syurod [ej03) syerny
aqy 2eudordde snoraaxd (T =
T 1SBI[ e [M /2INZIds (1 = syurod Te103) syutod [e303) (SQAV JUDIIND) (z = syurod [e103
o1 7< ‘P10 £ 911 :uorsnpul 69> O Yim syuaned jo 9,07 £6'T (SAQTV snoraaid [e303) 79 (z = syurod e303) owr /1 (7 = syurod [e303) sad4£y [y ‘A 91—owr § :28uer) £ ¢'¢ ejep paysiqndun ‘Ueuredr]
(g = syurod \MEEV uonenys
TeosoyoAsd ayenbapeur
19SeaSIp dA1RISUSIP
10 drjoqejdur (Afuo
amzras Tenred :UOISNOXH
BLIDILID
weroreydoousonoad
‘srer} (JgV snoraaxd (z = syurod
 1Se9[ Je M /2InZIas MN = syurod [©30}) dUO[E S2INZIDS (z = syurod
0T  0I< ‘Se jo £ g—1 :uorsnpouy (0 = syurod [e303) AN (z = syurod [e301) 0z 303 {08QT—1T :P8uer) owr/Ocg renaed 3dooxa sadAy iy e103 ‘A 9'g—¢'T :P8uer) £ £F 8661 /3ururp
2100g BLIDIIID) UOISNIXH SAHV SNOIAdIJ
e0L, /uotsnug 0O1/93e1g rejuswrdofass JO IaquInN UeSA Adusnbairy amziag ueajy adA 1 amziag 23y uean 1edx /Apmg
SOIPMIG PapnU] 10 $21005 Afeny) '€ H1dV.L

50f7

Downloaded from www.aappubl AAIRHS XY NY S HHLIGR RLE- (58 { 7ot/ full /105/4/ ed6



TABLE 4. Sensitivity Analysis of Included Studies

Included Studies Seizure-Free

>90% Reduction in Seizures

>50% Reduction in Seizures

All (n = 11)
Prospective (n = 2)
High quality (n = 5)

15.8% (CI: 11.0-21.7)
8.8% (CI: 3.9-15.1)
14.9% (CI: 7.0-24.8)

32.2% (CI: 25.3-39.8)
27.6% (CI: 19.9-36.5)
27.6% (CI: 19.9-36.5)

55.8% (CI: 41.2-69.7)
46.5% (CI: 33.4-60.1)
44.6% (CI: 33.8-55.9)

al, unpublished data) with a range of 7% to 33%. The
percentage of patients with a greater than 90% re-
duction in seizures was reported in 6 studies's?=
(also J. M. Freeman et al, unpublished data) and
ranged from 22% to 56%. Nine studies reported the
percentage of patients who had a greater than 50%
reduction in seizures, ranging from 29% to 100%'7-*
(also J. M. Freeman et al, unpublished data).

Combined analysis of these outcome data were
next performed. Three separate analyses were per-
formed by the confidence profile method (FastPro)
for the outcomes of percentage of patients with com-
plete elimination of seizures, percentage of patients
with a greater than 90% reduction in seizures, and
the percentage of patients with a greater than 50%
reduction in seizures. The combined point estimate
for the outcome of percentage of patients who be-
came seizure-free was 15.8% with a 95% confidence
interval (CI) of 11.0 to 21.7. For the outcome of
greater than 90% reduction in seizures, the point
estimate was 32.2% with a 95% CI of 25.3 to 39.8. For
the outcome of greater than 50% reduction in sei-
zures, the point estimate was 55.8% with a 95% CI of
41.2 to 69.7 (Table 4).

Two sensitivity analyses were performed, the first
limited to prospective studies (n = 2)* (also J. M.
Freeman et al, unpublished data), and the second
limited to studies with a quality score for the descrip-
tion of patient population of greater than 4 (n =
5)15162024 (also J. M. Freeman et al, unpublished data).
As shown in Table 4, there is a slight diminution of
the treatment effect for each of the sensitivity analy-
ses. However, the results are not substantially differ-
ent from the percentages of responders using all the
studies.

Compliance with the diet was inconsistently re-
ported. The definition of compliance varied. Some
studies restricted compliance to those patients who
had clinical improvement and did not consider pa-
tients without improvement who stopped the diet to
be noncompliant. The range of reported noncompli-
ance was 3% to 32%.

Adverse effects were not consistently reported in
the 9 clinical series reviewed. Mild gastrointestinal
symptoms were common when reported,'®?'*> occur-
ring in one third to one half of treated children. Other
adverse effects, such as kidney stones and metabolic
abnormalities, occurred in <5% of children when
reported.”® Vining et al** systematically reported
adverse events in 51 patients. Complications con-
sisted of lethargy, acidosis, constipation, vomiting,
and an increased number of infections. These ad-
verse events occurred with a frequency of 4% to 8%
(Table 1). One retrospective study,” which did not
meet the inclusion criteria for this review, specifically
examined the incidence of kidney stones in 120 pa-
tients treated with the ketogenic diet over a 10-year
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period. This study reported kidney stones in 5% of
patients (6/120), as ascertained by review of patient
records.

DISCUSSION

The results of this analysis suggest that approxi-
mately half of children with refractory epilepsy will
have a clinically meaningful improvement after
treatment with the ketogenic diet. Because these re-
sults are based on uncontrolled studies, it is possible
that the results could be explained by the placebo
effect, spontaneous remission, and/or random vari-
ation. However, it is unlikely that these factors could
account for the degree of seizure reduction seen in
these trials.

To estimate the magnitude of the placebo effect in
the treatment of refractory epilepsy, the placebo re-
sponse in recent add-on trials of newer AEDs for
patients with refractory epilepsy was examined.
These data are on treatment of adults, unfortunately
corresponding data on children is lacking. A recent
meta-analysis summarizes the relevant data.* This
study analyzed 51 placebo-controlled trials of 6
newer antiepileptic agents (some not available in the
United States). In all trials, response rates were de-
fined by the percentage of patients with greater than
50% reduction in seizures. The percentage of patients
receiving placebo who responded ranged between
6.2% and 13.8%. Combining results from all patients
treated with placebo, 137 of 1396 patients or 9.8%
responded to placebo. This is contrasted with the
estimate of 55.8% (95% CI: 41.2-69.7) of patients who
had a greater than 50% response to the ketogenic
diet, making the placebo effect an extremely unlikely
explanation for these findings.

Spontaneous remission occurs in pediatric epi-
lepsy. For patients with intractable epilepsy, the nat-
ural history of the disorder is not well defined. A
single retrospective study was identified that re-
ported on spontaneous remission in patients with
refractory epilepsy.! In this study, spontaneous re-
mission was related to intelligence level and was
observed to occur at a rate of 4% per year in patients
with normal intelligence per year, and at 1.5% per
year in patients with mental retardation. This rate of
1.5% to 4% per year is compared with the estimated
15.8% (95% CI: 11.0-21.7) of patients who became
seizure-free on the diet, most within a much shorter
time period than 1 year. The lower limit of this CI is
more than twice as high as the upper limit of the
incidence of spontaneous remission. Also, a compar-
ison of the patient population in this study with the
populations for the included studies (Table 4) reveals
that the patients treated in the ketogenic diet studies
have more severe epiliepsy. Thus, spontaneous re-
mission might account for a small number of patients
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who improve on the ketogenic diet but is unlikely to
explain the majority of the improvement.

This analysis is limited by several factors. The
overall quality of this body of literature is not high.
There are no controlled trials of the ketogenic diet
compared with drugs or surgery, and the majority of
the clinical series reported in the literature are retro-
spective in nature. However, sensitivity analysis by
quality of the studies resulted in only a slight dimu-
nition of the treatment effect. A second limitation is
the lack of a biological explanation for the treatment
effect. Although several theories on mechanism of
action have been proposed, none are supported by
empirical data.

There are only limited data on adverse effects of
the ketogenic diet. Effects on growth and develop-
ment over the intended course of the diet (2-3 years)
are not known. Some authors commented that chil-
dren may show growth retardation,' but this has not
been systematically examined. It is expected that
cholesterol levels and triglyceride levels will rise on
the diet. Delgado et al* reported in abstract form that
5 of 17 children (29%) developed significant hyper-
cholesterolemia (greater than 250 mg/dL) while on
the diet, and 4 of 17 (24%) developed hypertriglyc-
eridemia. The mean cholesterol for the 5 children
with hypercholesterolemia was 367 mg/dL with a
range of 253 to 512. The significance of this degree of
hypercholesterolemia for a 2- to 3-year period is not
known.

CONCLUSION

In summary, the ketogenic diet seems to be effica-
cious in reducing the frequency of seizures in chil-
dren with refractory epilepsy. Some children will
benefit, as demonstrated by a reduction in seizures
that is unlikely to be attributable to a placebo effect
or to spontaneous improvement. Compared with al-
ternatives, this improvement is in the range or
greater than that reported with the addition of newer
AEDs. For a properly selected subset of patients,
surgery may achieve as good or better seizure con-
trol but involves the potential for greater morbidity
associated with neurosurgery. Therefore, treatment
with the ketogenic diet should be considered a valid
therapeutic option for children with refractory epi-

lepsy.
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