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Abstract 1&._
e
Recent years h warit c a1 1mcn d interest from pediatric newrologists. newrcpediatricians. epileprologists and general 4
newrologists in the use of the ketogenic diet (KD for the managzement of refractory epilepsies, particularly im children amd o
adalﬁumts_'I'.hismﬁdemmmmlmgemmmmmimmasmﬁatammm N
workshop., Aspects discussed in some detail include (1) the p e mechanisms responsible for the diet’s anticommulsant effects. ™~y
based on results of bicchemical and neurcphyrsiological stadies in experimental models: (11) consensus and controversies on the >~

modalities of indtiation of the diet. and different protocols of implementation: (111) indications and contraindicaticns: (iv) efficacy
data. alsc in relaticn 1o seizure type. syndromuic formm and patients age: (V) adverse effects: (i) methodological aspects related to
assessment of the diet’s clinical effects. and perspectives for futmwre research. Orrerall the data reviewed indicate that considerable
advrances have been made in understanding the modes of action of the diet. 1ts efficacy and tolerability profiles and its potential role
in different tyvpes of epilepsy. Although clinncal studies perfomnmed to date have important methodological limitaticons, inclheding
suboptimally characterized patients’ populations and an uncontrolled design. a mamber of innowvative, prospective randomized
study protocols have been recently proposed and are being implemented. The results of these will hopefully prowvide mmch needed
high-cuality information to better define the role of the diet in the treatment algorithms in different epilepsy syndromes_

FKevwornds: Eetogemie diet; Epilepsy; Mechanisms of action: Efficacy; Safety: Feviear
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Table 3. Recommendations for pre-KD evaluation

Colnzling
Cilgcuss satrure reductlon, medicatlon, and cognitlye expeciatlons
[dentify potentlal psychosochl barrlers vo the uge of KD
Ridew antlconvukants and other madicatlons for carbobydrate content
Recommmend family read parent-orlented KD nformatlon
Mutritkznal evaluation
Baseline welght, helght, and Ideal welght for satre
Body mass index (BMI) when appropriate
Futritdon Im@zke hetory: 3-day food record, food prefarences, allergles, averslons, and Intolerances
Ezablish dier formmulation: Infant, oral, enteral, or a combination
Ciecklon on which diet to bagin (MCT, dassic, modified Atking, or low glyoemic ndex)
Calculation of @lorkes, fluld, and ketogenlc ratlo {or pereentage of FICT oll)
Ezablish nutritioral supplementation products based on die@ry reference Intake
Laboratory evaluacion
Compkte blood count with platelsts
Electrokies o Inchude serum blcarbonate, toral proteln, calclum, znc, s=lenlum, magnesium, and phosphate
Sarum Iver and kidney tests (Including alburnin, AST, ALT, blood urea nitrogen, creatinine)
Fastirg lipld profile
Sarum acylcamiting profile
Lrinakysk
LIAne calclum and creatinine
Antlcorsulsant drug levels (f applicable)
LIrine organlc aclds
Sarurm aming aclds
Anclllary testing (opional)
Feral ultrasourd and nephrolegy consulmten (F a hiswory of kidney stones)
EES
R
Cerebrospinal fluld {C5F) (f no clear etology has baen Hentified)
EK.G {echocardiogram) if hitory of heart diseassa




Table 5. Recommendations for aspects of a follow-up KD clinic visit®

Mutritloral assesment (regitersd dietitan)
Cibt@in helght welght, Keal welght for s@wure, growth velocly, BHEI when appropriate
Review appropriatensss of diet prescripoion (@lorks, protein, and fuid)
Rl tamin and mineral supplermenttion based on dig@ry reference In@ke gukdelinas
Aczege compllance to therapy
Adust therapy f necessary 1o Improve compliance and optimize sskure control
HMedizl evalation fneuraleglst)
Efficacy of the diet (s the KD mesting parental e pecatlors? )
Anticonaulzant reductlon (f applicable)
Should the KD be continued?
Labratory asesament
Cormplets blacd count with placelets
Blectrodstas o Include serum Hearbonats, i@l protein, caldum, megnegdum, and phosphate
Serurmn Iver and kidney profile (includirg albumin, A5T, ALT, blood urea nitrogen, creatinine)
Fasting Npld profils
Serurn acscarniting profile
LIrinalysis
LIrine calcum and creatinine
Anticonaulzant drug levels (f spplicable)
Ciptiznal
Serum g-hiydroeybutyrane (BOH) leval
Zine and zeknlurm levels
Renal ulcrasound
Bone mineral derslcy (DEXA scan)
EES

"izits should be at least every 3 months for the first vear of the KD




Original Article

Is Hospitalization Really Necessary During
the Introduction of the Ketogenic Diet?

Sueli Rizzutti, PhD, Ana Maria Figueiredo Ramos, PhD, Mauro Muszkat, PhD,

and Alberto Alain Gabbai, PhD

The ketogenic diet is traditionally introduced with an initial
period of fasting. This study compares the efficacy and tolera-
bility of the introduction of a prediet (2:1 ratio of fat:protein +
carbohydrates) before hospitalization with the aim at reducing
the time of same and the period of fasting necessary to reach
ketosis. For a minimum period of 1 year, adverse effects, meta-
bolic profile, and linear growth were prospectively evaluated in
46 children. Twenty-three children received a prediet for a
period of 10 days, and in the other 23 children, the ketogenic
diet was introduced by hospitalization regimen after a fasting

period. The use of the prediet led to a shorter fasting period of
a mean 18.3 hours compared with the group without prediet,
in which the fasting period was 41.3 hours (P = .001). At the
end, there was no difference in the adverse effects between the
groups. In those submitted to the prediet, a better adaptation
to the diet and acceptance to the proposal of introducing the
ketogenic diet were observed.

Keywords: ketogenic diet; epilepsy; fasting; children
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Discontinuing the Ketogenic Diet in Seizure-Free Children:
Recurrence and Risk Factors

*Celina C. Martinez, tPaula L. Pyzik, and TEric H. Kossoff

*School of Medicine, The Pediatric Epilepsy Center, Departments of Newrology and Pediatrics, The Johns Hopkins Medical
Institutions, Baltimore, Maryland 21287, USA.

Summary: About 105 of children become ssizure-free after
initiation of the ketogenic diet, and typically stop the diet af-
ter 2 wvr. A reirospactive char review was performed of all
children who became szizure-free on the ketogenic diet at our
institution since 1992 and then discontinued the diet. Of 557
children started on the diet since 1993, 66 (12%) discontin-
ued the diet after a median of 2.1 v dug o seizure freedom;
Q2% were also medication-fres. Thirteen (20%:) had recurrence
of their seizures at a median of 2.4 wr (range: 0-5.5 ¥r) after

the diet was stopped. Seven (58%) became seizore-free a sec-
ond time, four with anticomvalsant therapy. Four patients (6%
continue to have daily seizures despitz both medication and di-
etary therapies. The presence of recent EEG epileptiform activ-
ity, abnomal MREI, lower initial seizure frequency, and tuber-
ons sclerosis complex all significantly increased the likelihood
of recurrence.  Key Words:  Ketopenic—Dist—Epilepsy—
Children—Eecumence—Seizura-frae.




DISCONTINUING THE KETOGENIC DIET IN SEIZURE-FREE CHILDREN

TABLE 2. Riskfactors for seizure rectirrence affer discontinuarion of the kerogenic diet, values expressed as
medians (range)

Recumence Seizum-fres
Risk factor in= 13} in=353) p-value
Age at first seizure (yr) 1.0 (00-5.9 L0063 a3
Age at diet initiation (yr) 3900.2-7.8) 2900597 .34
Seizure-free duration (vri 200(1.0-3.5) 2.00(0.5-7.8) 083
Total diet duration (yr) 2.5 (1.0-5.0 2.1 (05-8.0) 042
Frediet seizure frequency (per month) 42000 150-12,6000 QR0 2— 10, B0 0,0
Pradiet AED= tried 405 404 059
Male gender BG2%) 30 (5T%) 050
Lennox—Gastaut or multiple seizore types TI5M%) 27 (50%:) 055
Significant cognitive delay B B2%) 34 064%) 055
Infantile spasms 32%E 11i21%:) .56
Tubercus sclerosis complex J20E) 0 (0% 0.0l
Seizure-free after first week Si62%) 26 (49%) 031
Medication-free 12092%) 49 (92%:) .65
Epileptifom EEG® 6 (465%) 509%) .ol
Momal EEG® 5(38%) 29(54%) 023
Abnormal MRI® 6 (465%) Til3%) o2

“Within 12 months pricr to discontinuation of the ketogenic diet.
“MRI showed a focal, structural abmormality.




fepsia, 48(1 pd3-58, 2007
Blackwell Publishing, T,
2007 International Leagua A gainat Epilepay

Anticonvulsant Mechanisms of the Ketogenic Diet

*Kristopher J. Bough and tJong M. Rho

*Center for Drug Evaluation & Research, Food and Drug Administration, Rockviile, Maryland;
tBarrow Nearological Institure, Phoenix, Arizona, US.A.

Summary: The ketogenic diet (KD is a broadly effective treat-
ment for medically refractory epilepsy. Despite nearlv a century
of use, the mechanisms underlving its clinical efficacy ramain
unknown. In this review, we present one intersecting view of how
the KDymay exert its anticonvalzant activity against the backdrop
of saveral seemingly disparate mechanistic theories. We summa-
rize kev insights gleanad from experimental and clinical studies
of the KD a.n:i fn:ncus- ]]El'[]l:lllﬂl' attention on the mle that ketn:nne

in brain tissue. Amu:unn; -se'reraJ dlrect nero- mh]bltn:nr;-.r actions,

polvunsatrated fatty acids increased after KD induce the ex-
pression of neuronal uncoupling proteins (UCPs), a collactive
up-regulation of numearons energy metabolism genes, and mito-
chondrial biogenesis, These effects further limit ROS generation
and increase energy production. As a result of limited glucose
and enhanced oxidative phosphorvlation, redoced glveolyvtic flux
iz hvpothesized to activate metabolic K gp channels and hypar-
polarize neurons and/or glia. Although it is unlikely that a single
mechanism, however well substantiated, will explain all of the
diet’s clinical benefits, these diverse, coordinated changas seam
poised to stabilize synaptic function and increase the resistance
to seizures thronghout the brain. Key Words: Eetogenic diet—
Epilepsy—DMetabolism—PFPol yunsaturated fatty acids.




Glucose

(Glycolysis) i
Lactate «—» Pyruvate m""’l"wmm
l 1 Acetoacetate
|

Acetyl-CoA «——— Acetoacetyl-CoA

T 3 2
——7 Glutamate Oxaloacetate g*—) Citrate

Glutaming — :X: ‘T‘
Aspartate a-Ketoglutarate chA Cycln]

co,

Fiz. 3. Diazam llustrating the matzhelic mter-relationships between brain metabolism of glutzmats, ketons bodies and glucese. In ketosts,
3-OH-butyrate (bata-bydroogbutyrate) and acetoacetate conmbute heavily to bram enerzy needs. A vanabls frachion of pymuvate (1) 15 ordmanly
coaverted to acetyl-Cod via pyruvats delydroganase. Incontrast, all ketone bodies genevate acetyl-CoA which entars the micarbosrylic acid (TCA)
cyelevia the citrate synthetase pathwray (2], This nrvobves the consumption of oxaloacstate, which 1s necessary for the ransamination of glutamate
to aspartate. Oxaloacatate 15 then less avalable as a reactant of the aspartate ammotransfarazs pathway wlich couples the shitamate—zspariate
mterchange via transamination to the metabohizm of glocose through the TCA cyele. Less glutamate 15 comvartad to aspartate and thus, mere
glutamate 15 available for symthesis of GABA (3) dwoush glutamue and decarbocylase (GAD). Adapted from Yudkeff e al. (200de) wath
permmssion.
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Ketogenic Diet: Electrophysiological Effects
on the Normal Human Cortex

*Roberto Cantello, ¥Claudia Varrasi, *Roberto Tarletti, *Michela Cecchin, TFederico D" Andrea,
HPierangelo Veggiotti, 7Giorgio Bellomo, and *Francesco Monaco

* Department of Clinical and Experimental Medicine, Section of Newrology #8ection of Clinical Chemistry, “A. Avogadro™
University, Novara, Iraly; tDepariment of Diet and Nutrition, “Maggiore della Carita” Hospital, Novara, Iraly; and §Department of
Child Newrology and Psychiarry, IRCCS Fondazione, Istiture Newrologice Casimiro Mondino, University of Pavia, Traly

Summary: Puwrpose: Toexplore the cortical elactrophyvsiology
of the ketogenic diet (KD} in the normal human. KD is effective
against refractory epilepsy, but its precisemechanism is obscure.
At the transmitter level, an enhancement of GABA inhibition has
often begn proposed.

Merthods: We studied eight healthy voluntesrs undergoing a
“classic™ KD for 2 weeks. We measured several biocchemical
variables at baseline (T0), after 1 week (T1) and 2 weaks (T2)
of KD, then 3 months after the KD conclusion (T3 ). Ketosis was
quantified as 24-h ketonuria. At the same time, we studied the
motor cortical excitability by means of transcranial magnetic
stimulation (TMS). We also guantitatively evaluated the EEG
signal in search of frequency shifts over the rolandic areas.

Results: Significant (p -= (.05 neurophysiological changes
appeared at T2. These consisted of a strengthening of short-
latency cortical inhibition {5ICT), a TMS index which is thought
to reflect GABA-A inhibition in the cortex. Then, there was an
enhancameant of the beta EEG band over the perirolandic region,
similar to that following administration of GABA-A agonists.
All changes disappeared at T2,

Conciusions: A standard, short-term KT affectad the corti-
cal physiolopy of the normal human. The main changas wers
an augmentzd 5ICT and an increased perirolandic beta EEG
activity, which are compatible with a lower level of neural
excitation within the coriex. Key Words: Ketogenic diet—
Meurophysiology—~Cortex—Mormal human.
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Table |. Epilepsy syndromes and conditions
in which the KD} has been reportad
as particularly beneficial

Probable benefit (at least two publiatlons)
Glucose transporter protein | (GLUT- 1) deficlency

Pyruvate dehydrogeress deficlency (FOHD)
Myoclonlc-asatk epllepsy (Doose syndrome)
Tubs=rous sclerods complex

Rett syndrome ] x’.
Seware myoclonlc eplkepsy of Infancy (Dravet smdrome) N/
Infaritlle spasre NS

Children recelving only formula {Infanis or enterally fed patlents)
Suggedion of benefit (one @s= report or serkes)

Selecred mivochordrial disorders

Ghycogenosk yps ¥

Landau-Kleffner syndroms

Lafora body deease

Subacure sclerosing panencephalits (55FE)




Deficit del trasportatore del Glucosio.di tipo 1
(GLUT-1)

T

AD

Mutazione gene braccio corto cromosoma 1

Alterazione trasportatore del Glucosio di tipo 1
localizzato a livello della BEE (endotelio capillari
cerebrali)

Clinica
Spasticita, atassia
Ritardo psicomotorio
Crisi farmacoresistenti (esacerbate con PB)

Diagnosi :glicorrachia (<2.2 mMol/L) oppure CSF/ plasma
ratio di glucosio (<0.4)

De Vivo 2003, Klepper 2004,2005




Glucose = Glucose

@ B+— Fat

Acefyl-CoA < Acetoacetyl
CoA

Ketones
B-Hydroxybutyrate
Respiratory Chain Acetoacetate
ATFP

BBB

Figure 1 Ketosis and brain energy metabolism. Glucose enters the brain via the facilitated
glucose transporter GLUTI1 (); ketones penetrate the blood—brain barrier (BBB) wvia
the MCTI-transporter (@). Both substrates enter the citric acid cycle as acetyl-CoA for
energy production. D GLUTI DS is caused by a defect in GLUTI -mediated glucose transport
into brain. (2 Pyruvate dehydrogenase deficiency impairs acetyl-CoA production. In both
conditions, ketones bypass the transport/enzyme defect as acetoacetyl-CoA and provide
acetyl-CoA.
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Glucose transporter type 1 deficiency: Ketogenic diet in three
patients with atypical phenotype

P. Veggiotti ®*, F. Teutonico ®, E. Alfei®, N. Nardocci®, G. Zorzi ", A. Tagliabue®,
V. De Giorgis ®, U. Balottin*
* Department of Chitd Newrology and Prychiatry, Fondazione TROCS Istliwte Newrologies " C Monding”, Via Mondine, 2, 27IN Pavia, Traly

" Depariment of Child Newralogy, Fondaziore IRCCS Istlinio Newrologico "Carlo Begia” Man, Ttaly
“ Study and Research Center on Human Nuiritlon and Eatieg Disorders, Unnersity of Pavla, Pavla, Tialy

Received 30 October 2008; meeived in revised form 14 April 2009; acceptad 24 April 2009

Abstract

Glugose transporter type [ deficiency syndrome (G LUT-1 DS) is an inborn error of glucose transport characterized by seizures,
developmental delay, spasticity, acquired microcephaly and ataxia, Diagnosis is based on the finding of low cerebrospinal Quid glo-
cose, in the absence of hypoglyeerma, and dentification of GLUT-1 gene mutation on chromosome 1. The classic phenolype is a
severe form of early onset epileptic encephalopathy, but patient with different clinical presentation have been reported expanding the
clinical spectrum. In particular, many patients show a prominent movement disorder other than epilepsy. Tt is known that this dis-
ease represents a treatable condition and ketogenie diet ( KD) is the elective treatment in GLUT-1 DS patients. We reporton KD in
three unrelated Ttalian GLUT-1 DS female patients, diagnosed in early adulthood, all presenting with an atyvpical phenotype. Pre-
liminary results seem o demonstrate efficacy of KD on parexysmal moevement disorder while positive effect on cognitive impairment
resull less evident,

& 2009 Elsevier BV, All nghts reserved.

Feywords: Ketogenic diet; GLUT-1; GLUT-1 I}8; Paroxysmal movement disorder; EEG and Seinres




Storia clinica

Paziente h 1 2 3
Sesso F B F
Epilessia Encefalopatia epilettica Crisi parziali motorie Grimaces del volto + movim
(eta esordio) (5 mesi) (3 mesi) OO (4 mesi)
Ritardo psicemotorio  (etd| + ++ 1
esordio) (2 anni) (2-2 anni) (17 mesi)
Irrigidimento o movimenti Deviazione OO, stati di

Fenomeni parossistici

o incoordinati degli arti in rallentamento ideomotorio,
non epilettici

Tremore e ipercinesie AAll,
correlati al movimento (8

(eta esordio) corso di eserciz?o muscolare  posture distoniche arti, anni)
(7 anni) tremore capo (4 anni)
Atassia ++ ++ +/-
Spasticita + +++ +/-
Distonia + ++ -
Circonferenza cranica < 3 perc < 3 perc ~25Aperc
Glicorrachia 26 mg/d| 25 mg/d| 31 mg/dl
Glicemia 77 mg/dl 74 mg/d| 81 mg/dl
Rapp. GLUCSF/GLUPL 0.33 0.33 0.38
Lattato (v.n. 802199) 811 834 849
RM encefalo N N Lieve dilataz. ventr. laterali
*W48X non sense *Q283X non sense R126C missense

Analisi genetica

(de novo) (de novo)

(de novo)




Tahle 1
Faollow up of GLUT-1 patients on ketogenic diet,

Patient 1 Patient 2 Patient 3

§Ii] TIT T T3 TN TT T T3 TN T T2
Epileptic seirums - - - - - - - - - - -
Paroxysmal dyskinesiazs  PNED - - - FED - - - FED - -
Dyysarthria + + + + + - - - + _ -
Ataxia ++ + + + + + + + - - -
Spasticity ++ ++ ++ + + + + + + +
Drystonia + + + + + + + + - - -
Strength lewel 4 5 5 5 4 5 5 5 4 5 5
{MCR. classification)
Regltanee to
prodonged physical effort
Taszk I 43" &Y a8 T i Yoo Wy a0 i ay
Task 2™ 3 4 B 10 7 1 10 15 [ 4 24
Task 3°** 3 5 [ 7 5 B B 10 [ B B
Task 4™ Wy s 13 140 g5 2 13T =15 1" 13 =500
EEG Theta N N N Theta activity ™ N M Theta ol ol
activity activity,

irmgular

apike

and wave

Cognitive impairment <45 (<45;<43) ! <45 (47, <45) 50 (&0, 45) ! ! 45(50,45) S0O(5%54) [ !

TIQ (VI F1Q)

BOHE level {mM) 032 2lp 22 280 026 LEg 28 3 .15 .71 24

+: Present; —; absent; PNED: paronysmal non-kinesigenic dyskinesias; PED: paroxyamal exercie-induced dyskinesias; Task 1+ maintaining a
postural position of Mingazzini I and IT; Task 2+ zsitting and standing from a chair {mumber of times); Task e climbing and descending a series
of 10 steps (oumber of times); Task 4ocee: deambulation | BOHEB: beta-lydroxybutymate,
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