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Introduzione

A partire dal lavoro gia effettuato che ha permesso di elaborare un consenso italiano sull’utilizzo della dieta
chetogenica alla cui stesura ha partecipato un gruppo di lavoro con competenze varie ( Pierangelo Veggiotti,
Alberto Burlina, Giangennaro Coppola, Raffaella Cusmai, Renzo Guerrini, Anna Tagliabue, Bernardo Dalla
Bernardina) si propone di utilizzare tale consensus (vedi allegato) come base di partenza per raccogliere dati

omogenei relativi all’utilizzo della dieta chetogenica.

Obiettivi

Obiettivo principale € quello di uniformare i criteri e le modalita di utilizzo della dieta, secondo il consensus
italiano, nelle strutture specialistiche, a competenza elevata e con specifica esperienza epilettologica, da
trasferire alle strutture neuropsichiatriche, neuropediatriche e pediatriche del territorio nazionale.

Obiettivo secondario sara la raccolta centralizzata dei dati relativi ’utilizzo della dieta chetogenica che
saranno maggiormente omogenei sia per le caratteristiche del campione sia per le modalita di gestione della
dieta secondo il consensus italiano e la loro diffusione alla comunita scientifica .La raccolta centralizzata dei
dati permettera di avere dati relativi ad un campione piu ampio e maggiormente confrontabile con le

casistiche delle altre nazioni .

Metodologia
Disegno dello studio

Lo studio sara suddiviso in due sottoprogetti:
A) STUDIO retrospettivo
B) STUDIO prospettico

Popolazione in studio
Studio A.

Verranno presi in esame in modo retrospettivo i dati relativi i pazienti che hanno utilizzato la dieta
chetogenica, senza alcuna distinzione, che sono stati presi in carico dalle varie unita operative dei soci LICE
negli ultimi 5-10 anni. Tali dati verranno raccolti mediante un questionario gia elaborato (vedi allegato) e
inseriti in un database (foglio di lavoro) centralizzato.

Studio B.



| pazienti che arriveranno alla consultazione dalla data di inizio dello studio (data di inizio da concordare con
il gruppo) saranno valutati in modo prospettico. A tali pazienti sara applicato il consensus italiano che deriva
da un precedente studio di un gruppo multidisciplinare. (vedi allegato)

I dati relativi a questo gruppo di pazienti verranno raccolti mediante 1’utilizzo del questionario predisposto

anche per la raccolta dei dati retrospettivi.

Indicatori
Studio A

= numero di casi che hanno effettuato la dieta chetogenica
= diagnosi epilettologica

= diagnosi eziologica

= esame neurologico, ritardo mentale , reattivita

= terapie farmacologiche, chirurgiche

= dati relativi la dieta chetogenica

= tipologia, frequenza e durata delle crisi

= caratteristiche minime studio elettroencefalografico (elettrofisiologico)

Studio B

Oltre agli indicatori previsti per lo Studio A, la conformita della pratica adottata rispetto al consensus italiano

vs. discostamenti.

Risultati attesi
Studio A

= raccolta dei dati anamnestici e clinici

= inserimento dei dati raccolti ed elaborazione degli stessi
Studio B

= raccolta dei dati riguardanti questo gruppo di pazienti

= rilievo dei discostamenti

= confronto dei dati emersi

= confronto dei dati relativi al campione italiano con quelli della comunita scientifica internazionale



Trasferibilita dei risultati e dei prodotti

Gli obiettivi principali e secondari del progetto mettono in evidenza come la trasferibilita del prodotto risulti
essere un elemento fondamentale.

Infatti I'auspicio e lI'impegno del lavoro e quello di uniformare le modalita di utilizzo della dieta nei vari
gruppi italiani e di raccogliere dei dati che possano quindi diventare di dominio comune alle strutture

neuropsichiatriche, neuropediatriche e pediatriche del territorio nazionale.

Cronogramma

Mesi

1|2|3 415678191011 (12| 13|14 (15] 16| 17| 18 19|20|21|22|23|24 25|26|27|28|29|30 31|32|33|34|35|36

Raccolta dati casi retrospettivi

Archiviazione della documentazione

Tutti i documenti contenenti i dati originali richiesti e trascritti sulla scheda raccolta dati rimarranno presso
gli archivi dell’Istituto IRCCS “C. Mondino”.



Allegati

Scheda raccolta dati

Nome centro Scheda di rilevazione dati
Nome operatore DATA DI COMPILAZIONE __ /|
Telefono

E-mail

PROGETTO RACCOLTA DATI DIETA CHETOGENICA

ID PAZIENTE | | (n° progressivo) CODICE FISCALE
DATADINASCITA__ /| PROVENIENZA |__| regionale |__| extraregionale
SESSO |_M_| |_F ] Indicare laregione |___| (per la codifica vedere Allegato A)
DIAGNOSI EPILETTOLOGICA DATA DELLA DIAGNOSI / / (gg/m/aaaa)

|_A_| Epilessia focale idiopatica

|_B_| Epilessia focale sintomatica

|_C_| Epilessia generalizzata idiopatica

[_D_| Sindrome di West

|_E_| Sindrome di Dravet

|_F_| Sindrome di Lennox Gastaut

|_G_| Encefalopatia epilettogena / Sindrome catastrofica

DIAGNOSI EZIOLOGICA DATA DELLA DIAGNOSI / / (gg/m/aaaa)

[_A_| Idiopatica

|_B_| Criptogenetica

|_C_| Sintomatica di patologia nota
|_D_| Sintomatica di patologia non nota

Se C definire:
|_1 | Sindrome genetica
|_2_| Noxa pre-perinatale
|_3_| Noxa acquisita post-natale
|_4_| Malformazioni SNC
|_5_|] Sindrome neurocutanea
|_6_| Difetto congenito del metabolismo
Se 4 definire:
|_1 | Difetti generalizzati di proliferazione e differenziazione: microlissencefalia, emimegalencefalia
|_2_| Difetti focali di differenziazione e proliferazione (TSC, Displasia corticale Taylor Type)
|_3_| Difetti generalizzati della migrazione neuronale (lissencefalia, agiria, pachigiria)
|_4_| Difetti focali e multifocali della migrazione neuronale (lissencafalia parziale, eterotopia nodulare
|_5_| Difetti del'organizzazione corticale (polimicrogiria, schizencefalia)
|_6_| Displasia corticale bilaterale
|_7_| Displasia corticale focale

ESAME NEUROLOGICO

EN INIZIALE (al momento dell’introduzione della DK) Se 1 definire:
[_0_| Normale |_A_|] Segni neurologici minori,
|_1 | Patologico |_B_] Ipotonia generalizzata senza acquisizioni posturali
|[_ND_| Non eseguito |_C_| Tetraparesi spastica



EN CONTROLLI SUCCESSIVI

0 = NESSUNA VARIAZIONE

1 = MODESTAMENTE MIGLIORATO

2 =NOTEVOLMENTE MIGLIORATO

Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controlloa | Controlloa | Controllo a
1 mese 3 mesi 6 mesi 9 mesi 12 mesi 15 mesi 2 anni 3 anni 5 anni
Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a | Controllo a
RITARDO MENTALE
|[_0_| Assente
1| Lieve
|_2_| Medio
[_3_| Grave
|_4_| Rallentamento ideo-motorio
REATTIVITA’
0 = NELLA NORMA 2 = COMPROMESSA
1 =LIEVEMENTE RIDOTTA 3 = GRAVEMENTE COMPROMESSA
Inizio DK Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controlloa | Controlloa | Controllo a
(tempo 0) 1 mese 3 mesi 6 mesi 9 mesi 12 mesi 15 mesi 2 anni 3 anni 5 anni
Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controlloa | Controllo a
ETA’ ALL'ESORDIO DELLE CRISI (in mesi)
TERAPIA
TERAPIA EFFETTUATA IN PRECEDENZA |___| (numero farmaci utilizzati)
Barrare quali
PB L PRM [ CBZ-CR |__| FBM L STEROIDI ]
ESM ] cLz ] GVG [ ACTH || VPAChrono ]
TPM L OXC [ LVT L Bromidi | | STIRIPENTOLO ||
PHT ] CBz ] VPA [ Acet [
ALTRO |
czp L atreBZ || LTG L B6 L (specificare
GBP ] TGB ] ZNS [ Ig [ )

TERAPIA CHIRURGICA

Non considerata
Pz in corso di valutazione
Pz valutato, non idoneo

Pz accettato per intervento
Gia effettuata
Pz idoneo, ma rifiuta intervento

|_7_] Interventi “palliativi”
(i.e. applicazione stimolatori)

1|
|_2_|
[-3_l

_4_|
| 5_|
_6_|

TERAPIA IN CORSO (al momento dell’introduzione della DK)
Barrare quali

PB |
ESM ||

|__| (numero farmaci utilizzati)

TPM
PHT

CczpP
GBP

PRM
CLz

OoXC
CBz



altre BZ |__| LVT [ FBM [ B6 [ STIRIPENTOLO ||
TGB | VPA | ACTH |__| Ig |
CBZ-CR |__| LT || Bromidi || STEROIDI | ALTRO |
(specificare
GVG | ZNS | Acet | VPAChrono | )
DK
DATA INIZIO DK / / (gg/m/aaaa)
ETA’ INIZIO DK (in mesi)
TIPO DK
|_1_| Tradizionale (4:1) |_3_| Tradizionale (3:1) .5 | Mista
|_2_| Ketocal (4:1) |_4_| Ketocal (3:1)
TIPOLOGIA, FREQUENZA E DURATA DELLE CRISI
CRISI PRIMARIA (crisi piu frequente)
TIPO Se A (crisi generalizzate):
|_A_| Crisi generalizzate |_1_| GTCS
|_B_]| Crisi Parziali |_2_| Assenze
|_3_| Spasmi
|_4_| Crisi toniche
|_5_] Crisi miocloniche
|_6_| Crisi atoniche
FREQUENZA
0 = NON CRISI 3 =1-5/MESE 6 = > 20/MESE
1= < 1/MESE 4 = 5-10/MESE 7 = > 50/MESE
2 =1-3/MESE 5 = 10-20/MESE ND = dato non disponibile
Inizio DK Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controlloa | Controlloa | Controllo a
(tempo 0) 1 mese 3 mesi 6 mesi 9 mesi 12 mesi 15 mesi 2 anni 3 anni 5 anni
Controlloa | Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controlloa | Controllo a
DURATA
0 = NON CRISI 3=<1MIN 6 = 10-20 MIN
1=<15SEC 4 =1-5MIN 7 =>20MIN
2=<30SEC 5=5-10 MIN ND = dato non disponibile
Inizio DK Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controlloa | Controlloa | Controllo a
(tempo 0) 1 mese 3 mesi 6 mesi 9 mesi 12 mesi 15 mesi 2 anni 3anni 5 anni
Controlloa | Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controlloa | Controllo a

CRISI SECONDARIA

TIPO

Se A (crisi generalizzate):

|_A_| Crisi generalizzate |1 | GTCS

|_B_| Crisi Parziali |_2_| Assenze
|_3_| Spasmi
|_4_| Crisi toniche
|_5_] Crisi miocloniche
|_6_| Crisi atoniche

FREQUENZA




Se necessario, segnare piu di una voce per casella.

0 =NON CRISI 3 =1-5/MESE 6 = > 20/MESE
1=< 1/MESE 4 = 5-10/MESE 7 => 50/MESE
2 = 1-3/MESE 5 = 10-20/MESE ND = dato non disponibile
Inizio DK Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a
(tempo 0) 1 mese 3 mesi 6 mesi 9 mesi 12 mesi 15 mesi 2 anni 3 anni 5 anni
Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controlloa | Controllo a
DURATA
0 =NON CRISI 3=<1MIN 6 =10-20 MIN
1=<15SEC 4 =1-5MIN 7 =>20MIN
2=<30SEC 5=5-10 MIN ND = dato non disponibile
Inizio DK Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a | Controllo a
(tempo 0) 1 mese 3 mesi 6 mesi 9 mesi 12 mesi 15 mesi 2 anni 3 anni 5 anni
Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controlloa | Controllo
a
CRISI TERZIARIA
TIPO Se A (crisi generalizzate):
|_A_| Crisi generalizzate 1| GTCS
|_B_]| Crisi Parziali |_2_| Assenze
|_3_| Spasmi
|_4_| Crisi toniche
|_5_| Crisi miocloniche
|_6_| Crisi atoniche
FREQUENZA
0 = NON CRISI 3 =1-5/MESE 6 = > 20/MESE
1=< 1/MESE 4 = 5-10/MESE 7 = > 50/MESE
2 =1-3/MESE 5 = 10-20/MESE ND = dato non disponibile
Inizio DK Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controlloa | Controlloa | Controllo a
(tempo 0) 1 mese 3 mesi 6 mesi 9 mesi 12 mesi 15 mesi 2 anni 3anni 5 anni
Controlloa | Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controlloa | Controllo a
DURATA
0 =NON CRISI 3=<1MIN 6 =10-20 MIN
1=<15SEC 4 =1-5MIN 7 =>20MIN
2=<30SEC 5=5-10 MIN ND = dato non disponibile
Inizio DK Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controlloa | Controllo a
(tempo 0) 1 mese 3 mesi 6 mesi 9 mesi 12 mesi 15 mesi 2 anni 3 anni 5 anni
Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controlloa | Controllo
a
EEG




0 = NELLA NORMA
1 = NORMALE AF, POCHE ANOMALIE

2 = NORMALE AF, ANOMALIE FREQUENTI

3 = AF LENTA, POCHE ANOMALIE

4 = AF LENTA, ANOMALIE FREQUENTI

5= AF LENTA, ANOMALIE SUBCONTINUE

6 = COME PRECEDENTE

7 = REGISTRAZIONE CRISI

ND = dato non disponibile

Inizio DK Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a
(tempo 0) 1 mese 3 mesi 6 mesi 9 mesi 12 mesi 15 mesi 2 anni 3 anni 5 anni
Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controlloa | Controllo a

EFFETTI COLLATERALI
Se necessario, segnare piu di una voce per casella.
0 = NESSUNO 3 = ALTERAZIONI METABOLICHE 6 = CALCOLI RENALI
1= LETARGIA (ipoglicemia) 4 = PERDITA PESO 7 = ALTRO (specificare )
2 = SINTOMI GI 5 = LINGUA NIGRA ND = dato non disponibile
Inizio DK Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controlloa | Controlloa | Controllo a
(tempo 0) 1 mese 3 mesi 6 mesi 9 mesi 12 mesi 15 mesi 2 anni 3 anni 5 anni
Controlloa | Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controllo a Controlloa | Controllo a
RISPOSTA ALLA TERAPIA
1 = Scomparsa totale crisi
2 = Riduzione crisi > 50%
3 = Riduzione crisi < 50%
4 = Nessuna modificazione della
frequenza critica
5 = Non valutabile
6 = Non applicabile
Controllo Controllo Controllo Controllo Controllo Controllo Controllo Controllo Controllo Controllo
a 1 mese a 3 mesi a 6 mesi a 9 mesi a 12 mesi a 15 mesi a 2 anni a 3 anni a 5 anni a
Controllo Controllo Controllo Controllo Controllo Controllo Controllo Controllo Controllo Controllo
a a a a a a a a a a
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DIETA ATTUALMENTE IN CORSO | .si | | no_|

Se no indicare:

DATA SOSPENSIONEDK [/ [/ (gg/m/aaaa)
CAUSA SOSPENSIONE

|_A_| Inefficacia

|_B_] Non compliance

|_C_| Effetti collaterali Gl

|_D_| Effetti collaterali metabolici

|_E_| Altro (specificare

11



ALLEGATO A — CODIFICA REGIONI

CODIFICA REGIONI

VALLE D'AOSTA =1
PIEMONTE =2
LOMBARDIA =
LIGURIA =
VENETO =
TRENTINO =
FRIULI V.G. =
EMILIA ROMAGNA =8
TOSCANA =9
MARCHE =10
UMBRIA =11
LAZIO =12
ABRUZZO =13
MOLISE =14
CAMPANIA =15
PUGLIA =16
BASILICATA =17
CALABRIA =18
SICILIA =19
SARDEGNA =20
ESTERO =21
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Consensus italiano

Epilepsia, S2{5agml 238389, 201 1
dlei: 10011 114.1528 1167 201 1030102

DRAVETSYNDROME

The ketogenic diet for Dravet syndrome and other

epileptic encephalopathies: An Italian consensus

*Pierangelo Yeggiotti, {Alberto Burlina, }Giangennaro Coppola, §Raffaella Cusmai,
*¥Yalentina De Giorgis, TRenzo Guerrini, **Anna Tagliabue, and
ttBernardo Dalla Bernardina

*Department of Child Meurolo gy and Psychiatry, Fondazione IRCCS lstituto Meurologico C. Mondino, Pavia, lcaly;
1 Drivision of Inbom M etabolic Diseases, Department of Pediatrics, University Hospital Padova, Padova, ltaly;

{ Department of Child Meuropsychiatry, University of Maples, Maples, ltaly; § Division of Meurology, Bambino Gesi
Children's Hospital, IRCCS, Rome, Icaly; P ediatric Meurology Unit and Laboratories, Children's Hospital A.
Meyer, University of Florence, Florence, ltaly; **Mutrition and Eating Disorder Research Center, University of

Pavia, Pavia, ltaly; and § fUnit of Child Meuropsychiatry, University of Yerona, Verona, lcaly

SUMMARY

Ketogenic diet is a nonpharmacologic treatment
for childhood epilepsy not amenable to drugs. At
the present time, two works based on national
research, one in Germany and one in the United
States provide international guidelines to ensure a
correct management of the ketogenic diet. Our
Italian collaborative study group was set up in

order to formulate a consensus statement regard-
ing the clinical management of the ketogenic diet,
patient selection, pre—=ketogenic diet, counseling,
setting and enforcement of dietary induction of
ketosis, follow-up management, and eventual dis-
continuation of the diet.

KEY WORDS: Ketogenic diet, Clinical manage-

ment, Drug-resistant e pil epsy.

The ketogenic diet (KD) is a nonpharmacologic treat-
ment for childhood epilepsy not amenable to drogs (Staf-
stronm & Bhao, 2004 Freeman et al., 2007 that mimics the
biochemical response to starvation, when ketone bodies,
rather then glucose, become the main fuel for the brain
energy demand. In the past decade, interest in ketogenic
diet spread worldwide (Kossoff & MoGrogan, 2005: Lond
& Magrath, 2010 Meal & Cross, 200100, At present, two
works based on national research, one in Germany {Klep-
per et al, 2004) and one in the United States (Kossoff
et al., 2008h) provide international guidelines o ensure a
correct management of the KD, Our Ialian collaborative
stud}' group was sel up Lo creale a consensus statement
regarding the climcal management of the KDV, The aim of
the study is to establish more standardized protocols and
management recommendations for lalian groups of child
neurcpsychistrist, clinical nutritionists, and dietitians,
The main suggestions concern patient selection, pre-KD

Ad dresis correspandence o Prerangelo Ve g, Departme nt of Chold
Mewralogy and Paychantry, Fondaaone IROCS Istnmo Neurokgnoo C.
Monding, Pavia, Daly . E-mmaal: pve ggaotd® unipv. it
Wiley Permdicals, Inc.
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counseling, setting and enforcement of digtary induction
of ketosis, follow-up management, and eventual KDy
dh scontinua tion.

CoNsSENSUS RECOMMENDATIONS

Patient selection

The two main indications (Table 1) to the ketogenic diet
are glucose transporter protein 1 (GLUT-1) deficiency
syndrome (Klepper & Leiendecker, 2007: Pons et al.,
20000 and pyruvate dehydrogenase deficiency (PDHID)
(Westler et al., 19971, In both conditions the enzymatic
defect causes a disorder of bmin energy metabolism.
The KI} is the treatment of choice because the brain can
use ketomes as an alternative energy source, bypassing the
ohstacle in physiologic metasbolism. GLUT-1 deficiency
syndrome is an inborn ermor of glucose transport across the
bleod—train barner, characterized by a variable combina-
tiomn of seizures, development delay, acquired microceph-
aly, spasticity, and a complex movement disorder (Leen
etal, 20007 The KD should be comsidersd as a first-line
therapy for this disease (Wang et al,, 2000, Veggiow
el al., 20107 PDHDY is a severe mitochondrial disease
where pyruvate cammot be metabolized into acetyl-Cod
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(Wexder et al., 1997 McWilliam et al., 20010 Bamerias
et al., 20007, The KD is particulady useful for control of
severe lactic acidosis in patients with this disonder,

Some cases of positive response to the diet am
described in metabohic disorders such as phosphofructoki-
nase deficiency (Swobodaet al., 1997), glycogenosis type
Wo(Busch et al, 2005), and mitochondral respiratory
chain complex disorders (Kang et al, 2007a). In patients
with medically refractory epilepsy o severs intolerance to
antiepileptic drugs (A EDs), the KDVisan important, poten-
tially efficacious alternative, Some evidence indicates that
patients with severe myoclonic epilepsy of infancy (or
Dravet syndrome) (Camballo et al., 2005, 200 1) and myo-
clomic—astatic epilepsy may respond positively to the diet
(Caraballo et al, 2006). Several retrospective studies
reported that 60-75% of children with refractory seizures
ochtained a =50% decrease in their seizures (Kinsman
et al, 1992; Freeman et al, 1998 Casey et al, 1999
Vining, 1999, Katyal et al., 2000; Coppola et al., 2002;
KossolT & MoGmogan, 2005; Henderson et al, 2006;
Freeman et al., 2007; Coppola et al., 2010; Lefevre &
Aronson, X0, The KD should be strongly considered in
a child who failed two to three anticonvulsant therapies,
regamdless of age, and particularly in those with sympto-
matic generalized epilepsies,

The KD¥was shown to be particularly effective in infan-
tile spasm (Hong etal., 2000), even before trying any anti-
comvulsant or steroid (Kossofl et al, 20082b: Kossoff,
AM0). Furthermore, children receiving either concurrent
vagus nerve stimul ation or zonisamide may show prefer-
ential benefit when the KDV is started (Kossoff et al.,
A Th; Mornson et al, 20000 On the contrary children
with partial seizures tend o have a worse response to the
KDy (Stainman et al., 2007). Clinical trials are currently
mgoing on patients with Aldcheimer disease, amyotrophic
lateral sclerosis, migraine, and bran tomees (Van der
Auwera et al, 2005 Zhao et al, 2006; Seyfried et al.,
08, 20097,

KD is contraindicated in several specific inhom ernors
af metabohsm that could lead o a severe metabolic cnsis.
These metabolic diseases should, therefore, be ruled out
before starting the diet. Patients with a disorder of fat
metabolism might develop a severs womening of the dis-

ease urler KD, Themefore, before initinting the KD, chil-

Table |. Main indications for dietary therapy

Metabdic dizorders
Gucose tansponter protein | {GLUT -1} deficency
Prrusate delypdrogemse deficency (FOHD)
Mitochondrial respiratory dain complex disorders
Epilepsy
Sever myodonic epillepsy of infincy (Dravet syndroma)
Medically refractory epillepsy
Severe intolerance to AEDs

dren must be sereened for disorders of fatty acid transport
and owidation (Kossoff et al, 2008ab). An inbom
metabolic error at any point along the pathway of fatty
acid transportation by camitine can lead 1o a devastating
catabolic ensis (Le, coma, death) during fasting or the
KD, Deficiency of pyruvate carboxylase, a mitochondrial
enzyme that catalyzes the conversion of pyruvate to oxalo-
acetate, can impair tricarboxylic acid evele function and
energy production in patients on the KD. The diet can
exacerbate acute intermittent porphyria.

PreKetogenic dicl counseling

Several important prerequisites assessing the patient
eligibility for the KD ensure both safety and maximizaticon
of chances of success (Table 2). Pediatric, neumlogic, and
nutritional consults hefon: the introduction of KD ane rec-
ommended. An evaluation of epilepsy is needed to iden-
tify seizure type(s), fmreguency, and etiology: the clinician
should also review all past and current AEDs. A wake ful-
ness and a sleep electroencephalogmphy (EEG) (24 h
EEG if needed) and brain magnetic resonance imaging
(MEI) will be wseful to identify those patients who are
susceptible to surgical treatment. A cognitive or develop-
mental assessment s nesded o evaluate the neuropsy-
chological owcome, As part of diagnostic work-up in
progressive epileptic encephalopathies, a full serum and
uring metabolic evaluation (urine organic acids, semm
aming acids, ammoniwm, lactic acid, serum acylcarnitine
profile) should be pedformed if no clear etiology for the
child's epilepsy was identified.

Table 2. Pre-KD evaluation

Meurclogic evaluation
Eticlogy
Seizurne type
Seizune frequency
AED= and other medication review
EEGMHolter EEG
MR
Cognitive'developmentassesmant
Fullserumand urine metbolic evaluation
Pediatric evaluation
ECGifhistory of heart disemse
Abdomen uit asound
Laboratory amlysis
Mutritional evakation
Baseline weight. height. and ideal weight for stature
Beody mass index (Bi4l)
Skinfold thickness measurerment
Dietry history
Bicssdectrical impedance analyss
Indirect calorimetry”
Chal energy x-rayabsorptiometry (DEXA)"
Counseling

Af these last two tests are not svailable, the use of predictive
equations of basal membolic rate and wrist x-ray could be

performed

Epilepsia, 52(Sapml 2p&5-59, 7011
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Heart and abdominal ultrasound is important to role out
metabolic disorders unsuited to the diet and to point out
any complication (presence of kidney stones, dyslipide-
mia, hver disease, gastroesophageal reflux, and cardiomy-
opathy). Laboratory evaluation before stating the KD
should include complete blood count with platelets,
semum, liver, and kidney tests (including albumin, prealbu-
min, ammoniom, AST, ALT, ALP, +GT, total and direct
bilirubin, blood wea, nitrogen, and creatinine), a fasting
lipid profile (riglycerides, total cholesterol, hi gh-density
lipoprodeins, low-density hipoproteins, and athemgenic
index), blood sugar level, electmlytes (paying particular
attention to serum bicathonate, total protein, calcium,
wne, selenium, magnesium, and phosphate), blood gas
analvsis, parathyroid hormone and vitamin I, osteocalein
(if osteopenia), urinalysis and 24 h urine calcium and
creatining, and antiepileptic dmg levels (f applicable ).

Dieteetic and nuiritonal evaluation comsists of measure-
ment of baseline weight, height, boady mass index (BWI)
and ideal weight for stature, skinfold thickness measure-
ment, hicelectrical impedance analysis, indirect calorime-
try (basal metabolism evaluation), and dual energy x-ray
ahsorptiometry (DEX A: if the latter two tests ame unavail-
able, the use of predictive eguations of basal metabolic
rate and wrist x-may should be performed). A dietary his-
tory (7-day food mecord, food preferences, allergies, aver-
sioms, and intolerances) is neaded.

All these investigations ars strongly recommended in
first-time patient evaluation: during the patient follow-up,
tests should be chosen based on clinical course,

Before starting the diet, it is also crocial o discuss psy-
chosocial 1ssues. The phyvsician should ensure that parents
or caregivers understand their involvement in admi ni ster-
ing the KD to their child, specifically the importance of
strict adherence to the diet, avoidance of carbohydrates,
need for multivitamin and mineral supplementation, amd
awamreness of potential adverse effects (Kossofl et al.,
2008a,b).

Patients” families ame often womied about how muach
time is nesded to obtain thempeutic success with the KD;
the clinician is advised 1o discuss this choice with the
child"s parents and to indicate a mimmum of 3 months,

Setting and ¢ nforcemen t of dictary indwction of Ketosis

The traditional methed of initisting KDY involves a per-
1od of fasting, with no carbohydrate-contaming Muids and,
periodically monitoring serum glucme (Fresman et al.,
2006). Duration of fasting varies from 12—48 h, depending
on the time required to achieving adequate ketosis; after
reaching a level of beta-hydroxybutyrate in the blowd
=2 ms, food may be progressively administersd. The
caloric contnbution of meals s increased daily in
one-third calonc intervals to reach full calories meals: an
adequate level of beta-hydmxybutyrate is considered to
be 2-5 mya, 7 days after the diet. Fasting may result in

hypoglveemia, acidosis, nausea, vomiting, dehyvdration,
and lethargy: therefore, instituting the tmditional KD
protocol in the hospital is indicated to prevent any possible
commplication,

Mowadays it's evident that fasting may be appropriate
when it's necessary o obtain a guicker response to the diet
(Fresman & Vining, 1999; Kossoff et al., 2008h), but it is
not necessary for long-tenn efficacy. Retrospective (Kim
et al., 20047 and prospective studies indicate that gradual
initistion protocols offer the same seizure contml at
J months compared to tradiional KDY protocol, together
with significant lower frequency and severity of initiation
related side effects (Berggvist etal , 2005).

The KT} can also be started in outpatients, in selected
cases, following a standanlized procedun: to semen neuro-
logic, genem] pediatric, metabolic, and nutd tional condi-
tions  before administration. Potential  advantages of
gradually starting the diet outside the hospital include
reduced stress for the child, lower risk of hypoglycemia
and dehydration, reduced number of labomtory analysis,
and reduced costs,

The optimal way to administer the KD depends on the
type of feeding. Children who have normal oral fesding
can get the diet in the food that is prepared following
specific dietary indications, whereas enterally (including
gastrostomy and jejuncstomy) fed children can use a for-
mula-hased KD, which is generally simpler for dietitians
to caleulate; the formula is also often used as add on in
children who are omlly fed.

Classic KDViscalculated in grams of fatto grams of pro-
teins plus carbohydrates, The most common ratio is 4 gof
fat to 1 g of potein plus carbohydrate (described as
“4:17). This means that 90% of the energy comes from
fats and 10% from proteins and carbohydrates combined.
Sometimes it is necessary 0 provide the KD at a lower
ratio to increase intake of proteins or carhohydrates (often
“3:17). There is some evidence that a 4 1 ratio, when wsed
at the stant, may be more advantagesus for the first
Fmonths (Seo et al., 2007). Dunng the At month, calo-
ries are typically resticted to 75% of the: daily recommen-
dations for age, to promote ketosis, But this reduction is
not necessary; underweight children should not follow this
protocol and all children should increase calories gradu-
ally over time to the regular recommendations for age.

Similarly, Muid restriction to 90% is based on consoli-
dated habits rather than on scientific evidence. We do not
sugeest Quid restriction for children on KD the fuid
administration moncaloric Muids) is individualized (1-
10 kg need 80 mlkg: 10-20 kg need 800 ml + 40 mlkg;
=20 kg need 1,200 ml + 20 mlkg) amd increased contex-
tally to the child’s level of activity o adjusted for
climate; in infants fluids should be incrased w 100 ml
per kilogram of body weight.

The K may also be easily administered to entemally fed
childmen. Prescription of a formula-based KD is generally

Epilepsia, 53 Sapml. 3-89, 2011
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Table 3. Transition from enteral diet in
Ketocal (4 days)
Stage Days Enteral diet (%) Ketoal (%)
| -2 Energy 75 Energy 25
2 -2 Energy 50 Energy 50
3 -2 Energy 25 Energy 75
4 Energy 0 Energy 100

needed in the case of coma, low caloric intake by mouth
due to conditions such as respiratory and gastrointestinal
problems, severe neumlogic impairment, fuilure o thrive,
poor compliance with traditional KD, and for children
wvounger than 12 months of age. The transition from an
enteral diet to KD should be gradual (Table 3). The for-
mula-hased KD is easily administered and 15 wsed also in
moatth-fed children o adjust caloric intake and substitute
regular food in special cimumstances (on a journey, etc. ).
To prepare a formula-hased KDy, in Burope a commercial
product 15 currently available, KetoCal (for Morth Amer-
i Mutricia, Rockville, MD, U5 A, and for Europe: SHS
Intemational, Liverpool, UK.} is a milk protein-based,
powdered formula that, added to water, provides either a
Bl 4l KD

In the past few vears, modified dietary approaches have
been developed for the treatment of epilepsy, including
the modified Atkins diet (Kossoff et al, 2006, 2007h;
Kang et al., 2007h), the MCT diet (Liu, 2008; Neal et al.,
2008) and the low-glycemic diet (Pleifer et al., 2008),
Unlike the classic KD the modified Atkins diet is started
without hospitalization and does nol reguize precise
weighing of foad ingredients and portions. The daily car-
bohydrate consumption in the modified Atkins diet is 10
or A0 g (Kossofl etal, 2007h). However, ther are no lim-
itations in protein, Muids, and calores. This diet is easier
to administer in adol escents and adults than in children,

Because of hmited food choce, the classic KDV is also
de Acientin minemls and vitamins, and needs to be supple-
mented with sugar-free products. Inadequate calcium
intake and limited sun exposure can impair bone minerali-
zation i children at risk of osteopenia and osteoporosis
due to long-tenn antiepilepic drug (AED) therapy. There-
fore, both vitamin [ and calcium should be supplemented
(Berggvistetal., 2007). Additional supplementation (zing,
selenium, magnesiom, phosphorus, and so on) wsing stan-
damd multivitamin products is suggested. Carmiting oral
supplementation (30 me'kgddie) is needed i laboratory
levels ame low (Coppola et al., 2006 or children exhibat
symptoms indicating hypocarnitinemia such as geneml-
ized weakness, excessive ftigee, and decreassd muscle
strength.

Follow-up management
Follow-up of children receiving KDV includes regular
neuralogic, nutntional, and pediatric evaluations {Table 4.

Epilepeia, 52(Sapml 2 18559, 7011
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Table 4. Follow-up KD management

Meurologic assesament
Meurclogic evaluation (at |-3-6—1 2 months)
Bectroencephalography (at 1-3-6—12 months )
Review efficacy of the diet
Cognitive/ dewelopmentevahation ft 6~ 2 mamnths)
Pediatric assesoment
Bectrocrdiography (every & maonths)
Abdominal echo [every & months)
Laboratory evaluation (at |1-3—6—12 months )
Complete blood count with plutes
Serum Fverand kdney tests
Blosod sugnr bevel
Bectrolytes
Blood gas amlbyss
Laboratory evaluation (at 3—6—12 months)
Fasting Bpid profile
Farathanmone and witamin D
Ceteccbdn {f ostecpenia)
Urimalysis and 24 h urine abdum and creatinine (only if previously
aktered)
Anticomulmnt drug bevels
Mutritional as se ssrment
Amsess compliance to therapy
Height and body mass index (BMI)
Sadnfold thick ness measurements
Bicsbe ctrical impedance analkyss
Indirect caborimetry (each 3 monthzs)
Dwal energy s-rayabsorptiometry or wrist x-my (eseny
=12 meonths)
Review appropriatensss of diet prescription (Qlores, protein, and
fluid)

Review vitamin and minerl supplementation

The child should be examined by the neurologist initially
at the 8th and 15th day after hospital discharge and EEG
performed (if the child is is younger than 1 vear of age o
an epilepic encephalopathy is present) or at least after 1,
3,6, 9, and 12 months in the first vear of treatment. Cogni-
tive and developmental assessment should be performed 6
and 12 months after introducing the KD, Electrocardio-
graphy (ECG), heart ultrasound and an abdominal echo
should be performed every 6 months,

The labomtery evaluation at 1, 3, 6, and 12 months after
introduction of the KD includes complete blood count
with platelets, semm, liver and kidney tests (including
albumin, prealbumin, ammomom, AST, ALT, ALP,
Gamma-GT, total and direct hilirubin, blood urea, nitro-
gen, amd creatining), glveemia, electrolyies (especially
serumn hicarhonate, total protein, calcium, zne, selemum,
magnesium, and phosphate) and blood gas anal ysis,

At 36, and 12 months, the following evaluations
should be performed: fasting lipid profile (triglycerides,
total cholestem], HDL, LDL), parathyroid hormone and
vitamin [, osteccalein (if osteopenia), urinalvsis, 24 h
uring calcium and creatinine (only if previously altered),
and AEDY levels (if applicable).
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The distetic and nutriional evaluation consists of a
review of diet and compliance, the meassurement of
weight, height, BMI, skinfold thickness, and binelectrical
impedance analysis at each wisit; indirect calorimetry
(basal metabolism evaluation) every 3 months, DEXA, or
wrist i-ray every 612 months,

Athome, routine wrine ketosis evaluation shouldbe per-
formed by parents twice per day (morning and evening) at
levast in the first 3 months, and then once a week: the opti-
mal level of ketones in the urine is B~16 ms evaluated by
keto-diastin (Bayer Health Care, Milano, Ialy). Semm
f-hydroxybutyrate (BHB) should be measuned every 12 h
until its stabilization, and then regular controls should be
performed at 1, 3, 6, 12, and 24 months or in case of symp-
toms referable to hype deetosis or worsening of seizures, It
seems that BHE is betier corelated 1o setzure meduction
than are ketones in the urine. There fore, it is preferable to
use BHE 1o monitor the KD even if BHB is measured less
frequently than uinary ketones (Wan Delft et al., 2000).
Semm glyeemia should be evaluated every 12 h (every
6 h in the first 48 h if the child is aged <12 months);
optimal level of semm glycemia is 2.5-5 ma.

Glveemic values <25 my andior ketones  values
=605 mu, if symplomatic (sweating, palor, and tremaor),
require immediate oral administration of glucose, mal tod-
extrin, o fruit juice; in case of impaired alertness, admin-
istration of intravenons glucose is essential,

Grow th parameters such as weight and height should be
regularly controlled during the first year of the KD in
order to monitor appropriate weight gain for age and
length: infants younger than 2 years of age should be mon-
itored more fregquent Iy (almost weekly) o prevent growth
disturbance (Wining et al., 2002). If a child is overly hun-
gry or refuses his meal, calorie contribution should be
adjusted accordingly.

A% in all medical therapies, side effects can occur dur-
ing the diet and newrologists, chnical muitritionists, and
distitians need o be alerted (Ballaban-Gil et al, 1998
Wheless, 20011 However, the risk of serious adverse
events is low, Metabolic abnormalities include hypopro-
teinemia that causes muscular mass loss ar alleration in
bone metabolism; hyperlipidemia o hyperchol esterol-
emia, reported in 14-59% of children on KD (Chesney
et al., 1999; Kwiterovich et al., 2003; Kang et al., 2004)
that can cause atherosclermsis; hypocaleemia (2% that
CAN WOTSSn 4 preexisting osleopenia or osleoporosis;
potassinm or selenium deficit that can canse candiac
abnermalities; hyperoricemia (2-26% ), hy poma gnesemia
(5%, decreased amino acid levels, and acidosis (2-5%)
(Schwartz et al,, 1989; Chesney et al,, 199%9; Kang et al.,
2004 ). Metabaolic abnormalities can be prevented by care-
ful monitoring.

Gastmintestinal symptoms including vomiting, consti-
pation, diarrhea, and abdominal pain oceur in 12-50% of
children on the KD} (Kang et al., 2004); renal caleuli oceur

in 3—7% (Furth et al., 2000; Kossoff et al., 2002; Sampath
et al., 2007) making regular monitonng necessary {Cho
et al, 20100, Potassium citrate supplementation is war-
ranted to mduce the incidence of Kidney stones (McMNally
etal., 20047,

Long-term comphications in children treated with EI¥
for =2 years have been reported (Groesbeck et al., 2006).
In the small population studies, the higher risk was
refemed to bone fractures, kidney stones, and decreased
growth., KD discontinuation depends on the patient’s
response 10 the diet: even i apparently ine Fective, the diet
must be maintained Tor at least 3 months (Fresman et al.,
206 be fore consi dering discontinuation. In children with
=505 seizure response, the KD is often discontinued after
approximately 2 vears; however, in children in whom sei-
wure control 15 nearly complete and side effects are low,
the diet can be prolonged up to 6—12 years (Groesheck
et al, 2006). A longer diet duration is needed for children
with GLUT-1 and PDHD deficiency syndromes. Mo infor-
mation s available about the maximum duration of the
KDy, but seizure-free patients on the digt for =10 years
have been reported. A recent study revaluated the long-
term outcomes in safely and efficacy of KDY after its dis-
comtinuation, providing reassuring results with regard to
seizures and adverse effects (Patelet al, 2010).

In assessing the effectiveness of the KD, mie of seizun:
reduction should not be the only parameter (Beniceky
et al., 20000, dumtion of improved seizure contml and the
possible global improvement of patient well being are also
impeartant.
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