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Why do we need options besides drugs?

The New England Journal of Medicine

EARLY IDENTIFICATION OF REFRACTORY EPILEPSY

PATRICK KWAN, M.D., AND MARTIN J. BRODIE, M.D.

« 2000 :47% with 15t drug, 14% with 2", 1% with 3
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Why do we need options besides drugs?

The New England Journal of Medicine

EARLY IDENTIFICATION OF REFRACTORY EPILEPSY

PATRICK KWAN, M.D., AND MARTIN J. BRODIE, M.D.
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JAMA Neurology | Original Investigation

Treatment Outcomes in Patients With Newly Diagnosed Epilepsy
Treated With Established and New Antiepileptic Drugs
A 30-Year Longitudinal Cohort Study

Zhibin Chen, PhD; Martin J. Brodie, MD; Danny Liew, MD, PhD; Patrick Kwan, MD, PhD
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6-Month Seizure Reduction

90-99%

50-90%

IIIIIII



: =4 \' » Everyday

¥ L /i ¢ =" " 4 \
% : i
4 FLIP OVER! A e

2 FF‘OR AMAZING

2w clinical study! The delicious spice that 75\ BACON RECIPES

ENDS WORRYING

SHORTCUT KETO

Drop 17 lbs every week with so-easy

- N
News from UCLA! AM snack reduces anxiety smoothies &

3EHE&T“A“ * wen SNacks

The rustic-style bread that t I.is(l |os|.

NEICHT 105 105 Ibs! B

EP 100% BETTER

the pillow tha keeps you breathing easy

FAILxr0

SPECIAL EDITIoN

KETO

the definitive guide

3 ,," ‘.} - . isa Rinna’s sur| risin -

the what. MORE'S O, e

j ACTRRETTI ”'Losa ko

E STRESS 2LBS AN

the how flotex. S KETO ‘pav g4
V) 2T |

: == THYROIDER

{CU RE 3 a

e b ~

S @THE NE
i

July 15,2019 &0 4

BS on
S Cabeca LOST 80LBS on [,
:’I’-;’:‘."n <he herself developed’ | |
J i 50, lost 175 Ibs
M irad her thyroid dise
1 feversed her diabetes

brain health

ST i 2y
99U $13. 95,

WW “M longevity,
Rl

)




NewsFeed U.S. Politics World Business Money Tech Health

TIME Healthland i

A Healthy Balance of the Mind, Body and Spirit

Home  Medicine  Diet&Fitness Love & Family = Mental Health

MONEY BUYS. SAVING EARNS.

* Open an account in 5 minutes.
* No fees. No minimums.

Policy & Industry

() Orange Savings Aq

DIET

Sometimes a 90% Fat Diet Is Good For
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This weekend, the New York Times
Magazine has an article written by Fred
Vogelstein, a contributing editor to Wired
and father to a young boy with epilepsy.
Sam’s condition is severe: at one point, the
boy was having up to 130 seizures a day and
was not responsive to medication. To treat
him, the family has put Sam on a special diet:
a tvpical breakfast consists of eggs mixed
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A blinded, crossover study of the efficacy
of the ketogenic diet

and jSteven N. Goodman

*John M. Freeman, *Eileen P.G. Vining, *Eric H. Kossoff, *Paula L. Pyzik, *Xiaobu Ye,

Modified Atkins diet in adult with
refractory epilepsy: A controlled
randomized clinical trial

arandomised controlled trial

Elizabeth G Neal, Hannah Chaffe, RubyH Schwartz, Margaret S Lawson, Nicole Edwards, Geogianna Fitzsimmons, Andrea Whitney,
J Helen Cross

> @ The ketogenic diet for the treatment of childhood epilepsy:

Mohammad Zare', Ali Asghar Okhovat?, Ahmad Esmaillzadeh?, Jafar Mehvari',
Mohammad Reza Najafi', Mohammad Saadatnia’

Efficacy of low glycemic index diet therapy (LGIT) in children aged 2-8 e
years with drug-resistant epilepsy: A randomized controlled trial

Kannan Lakshminarayanan °, Anuja Agarawal °, Prateek Kumar Panda “°

, Manjari Tripathi *,
Ravindra M. Pandey ', Sheffali Gulati

Use of the modified Atkins diet for treatment of refractory
childhood epilepsy: A randomized controlled trial

*'Suvasini Sharma, *Naveen Sankhyan, *Sheffali Gulati, and Anuja Agarwala

Effect of modified Atkins diet in adults with drug-resistant focal
epilepsy: A randomized clinical trial

Magnhild Kverneland"** | Ellen Molteberg' | Per O. Iversen>* | Marit B. Veiergd®® |
Erik Taubgll®® | Kaja K. Selmer’’ | Karl O. Nakken'

cta Newol Scand DOL- 10.1111jan. 1213 © 2013 Jobn Wiky &

Neurologica

Modified Atkins diet vs classic ketogenic
formula in intractable epilepsy

El-Rashidy OF, Nassar MF, Abdel-Hamid 1A, Shatla RH, Abdel-
Hamid MH, Gabr SS, Mohamed SG, El-Sayed WS, Shaaban SY
Modified Atkins diet vs classic ketogenic formula in intractable
epilepsy
Acta Neurol Scand: DOI: 10.1111/an,
© 2013 John Wiley & Sons A/S. Publ

F. El-Rashidy', M. F. Nassar’,
A. Abdel-Hamid', R. H. Shatla’,
M. H. Abdel-Hamid’, S. S. Gabr',
S. G. Mohamed', W. S. El-Sayed’,
S. Y. Shaaban®

-e

y John Wiley & Sons Ltd.

Efficacy and tolerability of the ketogenic diet versus high-dose
adrenocorticotropic hormone for infantile spasms:

A single-center parallel-cohort randomized controlled trial
Anastasia Dressler! | Franz Benninger’ | Petra Trimmel-Schwahofer' |
Gudrun Groppel' | Barbara Porsche' | Klaus Abraham' | Angelika Miihlebner' |
Sharon Samueli' | Christoph Male' | Martha Feucht'

Improving compliance in adults with epilepsy on a modified Atkins diet: A | M)
randomized trial® s

i
Tanya J.W. McDonald®, Bobbie J. Henry-Barron“, Elizabeth A. Felton®, Erie G. Gutierrez®,

Joanne Bamett®, Rebecca Fisher”, MonYi Lwin®, Amanda Jan®, Diane Vizthum”,

Eric H. Koskoff"d, Mackenzie C. Cervenka™"

Evaluation of the Modified Atkins Diet for
the Treatment of Epileptic Spasms
Refractory to Hormonal Therapy:

A Randomized Controlled Trial

Suvasini Sharma, MD, DM' ®, Shaiphali Goel, MSc', Dipti Kapoor, MD, DM',
Divyani Garg, MD, DM?®, Isha Panda, MD', Aman Elwadhi, MD',

A randomized controlled trial of the
ketogenic diet in refractory childhood
epilepsy

Jie Zhang ', Guohong Chen
Lambrechts DAJE, de Kinderen RJA, Vles JSH, de Louw AJA,

J. M. Majoie’

Affiliations + expand

JAMA Pediatrics | Original Investigation PMID: 33772508 DOL: 10.1684/epd.2021.1256

I
Efficacy of the ketogenic diet on ACTH- or
corticosteroid-resistant infantile spasm: a
multicentre prospective control study

2, Juan Wang 3, Yuwu Jiang ', Zhixian Yang ', Kaili Xu 2, Jing Peng 4

d D. A.J. E. Lambrechts', Shuizhen Zhou 3, Li Jiang 3, Baomin Li ¢, Dongging Zhang 8, Zhisheng Liu 7
;\;f:g;?é‘mﬁn:zz:ﬁ;{’zéﬁhﬁ:&izglﬁiwmmmd rial of the 5 g ﬁ' “}fe:",'z‘,‘}’e:"_': A dge| Chunhong Chen 8, Fang Fang &, Yanhui Chen 9, Yi Wu 9, Jianmin Zhong ', Jian Zha 1, Fei Yin 4,
Acta Neurol Scand: DOI: 10,1111 ane. 12592 Louw's, A. P. Aldenkamp™q  Lifei vu 3, Ye Wu |

© 2016 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd. H. 3 1258

MD?, Sharmila B. Mukherjqa—MD3 _and Havich Pamda MD3

Comtents lists svailable at Seieseeniie

Seizure: European Journal of Epilepsy

journal homepage: vavw.clsevicr.comilc

Lijuan Huang 7, Modified Atkins diet versus levetiracetam for non-surgical drug-resistant

epilepsy in children: A randomized open-label study™

Archna’, Divyani Garg ", Shaiphali Goel ', Sharmila B Mukherjee ', Harish K Pemde”,
Puneet Jain®, Suvasini Sharma

B nc ARTIcLE]|

Efficacy of Ketogenic Diet, Modified Atkins Diet, and Low Glycemic Index
Therapy Diet Among Children With Drug-Resistant Epilepsy
A Randomized Clinical Trial

Vishal Sondhi, DM; Anuja Agarwala, MSc: Ravindra M. Pandey, PhD; Bswaroop Chakrabarty, DM;

Prashant Jauharl, DM; Rakesh Lodha, MD: Gurudyal S. Toteja, PhD; Shobha Sharma, PhD; Vinod K. Paul, MD;
Enic Kossoff, MD; Sheffall Gulati, MD

Safety, Efficacy, and Tolerability of Modified Atkins
Diet in Persons With Drug-Resistant Epilepsy
A Randomized Controlled Trial

Mala Manral, PhD, Rekha Dwivedi, PhD, Sheffali Gulati, MD, DM, Kirandeep Kaur, PhD, Ashima Nehra, PhD,

Correspondence
Ravindra Mohan Pandey, PhD, Ashish Datt Upadhyay, PhD, Savita Sapra, PhD, and Manjari Tripathi, MD, DM
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. . »  The Open Access Journal of
E P I | C P S I a O PC r\ the International League Against Epilepsy

SPECIAL REPORT

Optimal clinical management of children receiving dietary
therapies for epilepsy: Updated recommendations of the

International Ketogenic Diet Study Group

'Eric H. Kossoff, 2Beth A. Zupec-Kania, IStéphane Auvin (), “KarenR. Ballaban-Gil,
*A.G. Christina Bergqvist, “Robyn Blackford, ’Jeffrey R. Buchhalter, *Roberto H. Caraballo
?]. Helen Cross, '°Maria G. Dahlin, ''Elizabeth ]. Donner, '2Orkide Guzel, '*Rana S. Jehle,
'YJoerg Klepper, '*Hoon-Chul Kang, '®Danielle A. Lambrechts, '’Y.M. Christiana Liu,
'8Janak K. Nathan, 'Douglas R. Nordli Jr, °Heidi H. Pfeifer, 2'Jong M. Rho, ??Ingrid E. Scheffer,
Bguvasini Sharma, 24carlE. Stafstrom, 2Ejizabeth A. Thiele, 25Zahava Turner,
26Maria M. Vaccarezza, *’Elles J.T.M. vander Louw, 2"l’ierangelo Veggiotti, 2"james W. Wheless,
*°Ejaine C. Wirrell, The Charlie Foundation, Matthew’s Friends, and the Practice Committee of
the Child Neurology Society

Epilepsia Open, **(*):1-18, 2018
doi: 10.1002/epi4.12225

SRR Sy

Ketogenic Dietary Therapies
Information e Training e Research e Support
Registered Charity No. 1108016

THE CHARLIE

FOUNDATION

TO HELP CURE PEDIATRIC EPILEPSY
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When? Guidelines:

* Use KDT after 2.6 (SD 0.9) drugs have
been tried

e “Consider earlier use for certain
situations or indications?”

— 88% of the consensus group voted YES
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Table |. Epilepsy syndromes and conditions (listed
alphabetically) for which KDT has been consistently
reported as more beneficial (>70%) than the average 50%
KDT response (defined as >50% seizure reduction).

Angelman syndrome>®>’

Complex | mitochondrial disorders

Dravet syndrome”>®

Epilepsy with myoclonic-atonic seizures (Doose syndrome)

Glucose transporter protein | (Glut-1) deficiency syndrome
(Glut1 DS)?72%-32

Febrile infection—related epilepsy syndrome (FIRES)

Formula-fed (solely) children or infants*®*’

Infantile spasms'%*74°

Ohtahara syndrome”® >*

Pyruvate dehydrogenase deficiency (PDHD)*®

Super-refractory status epilepticus**#6=3=*

Tuberous sclerosis complex” S

51,55

343738

44 47
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Accepted: 17 August 2017
DOI: 10.1111/3ne.12330

REVIEW ARTICLE WILEY Neurologica

Efficacy of ketogenic diet for infantile spasms: A systematic
review

G. Prezioso! @ | G.Carlone? | G.Zaccara®® | A.Verrotti?

* 65% with >50% spasm reduction
— 35% spasm-free

* |S due to unknown etiology higher

chance of spasm-freedom (RR 1.72)

!!!!!!!!



Dietary Management of Children With
Super-Refractory Status Epilepticus:
A Systematic Review and Experience
in a Single UK Tertiary Centre

Natasha E. Schoeler*, Zoe Simpson?, Runming Zhou', Suresh Pujar?®, Christin Eltze® and
J. H. Cross ™4

« 85/141 (60%) responded

* No relationship to the age, ketogenic
ratio

* More likely to respond if female, shorter
period of status epilepticus

Frontiers in Neurology, 2021 @S



Important Board Questions

* The KD is very effective for adults, but
compliance and long-term lipid
abnormalities remain of concern

e ltis the treatment of choice for Glut1
deficiency syndrome

* |t is not a substitute for drugs (80% are
on both)
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Table 2 — “OK”

Helpful (40-70% response, but not “indications” currently) — Table 2:

— Adenylosuccinate lyase deficiency, CDKLS5
encephalopathy, Childhood absence epilepsy, Cortical
malformations, Epilepsy of infancy with migrating focal
seizures, ESES, Glycogenosis type V, Juvenile myoclonic
epilepsy, Lafora body disease, Landau-Kleffner
syndrome, Lennox-Gastaut syndrome,
Phosphofructokinase deficiency, Rett syndrome,
Subacute sclerosing panencephalitis (SSPE)

IIIIIIII



Table 3. Contraindications to the use of KDT

Absolute
Carnitine deficiency (primary)
Carnitine palmitoyltransferase (CPT) | or Il deficiency
Carnitine translocase deficiency
B-oxidation defects
Medium-chain acyl dehydrogenase deficiency (MCAD)
Long-chain acyl dehydrogenase deficiency (LCAD)
Short-chain acyl dehydrogenase deficiency (SCAD)
Long-chain 3-hydroxyacyl-CoA deficiency
Medium-chain 3-hydroxyacyl-CoA deficiency.
Pyruvate carboxylase deficiency
Porphyria

Relative

Inability to maintain adequate nutrition
Surgical focus identified by neuroimaging and video-EEG monitoring
Parent or caregiver noncompliance

Propofol concurrent use (risk of propofol infusion syndrome may be
higher)

a

JOHNS HOPKINS
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Four Ketogenic Diets

Standard
“Normal”
Diet

Ketogenic Diet

Medium
Chain
Triglyceride
Diet

Modified
Atkins Diet

10-20 g

[] Carbohydrates
M Protein
M Fat

[J Carbohydrates
M Protein
M Fat

[] Carbohydrates
M Protein

W Fat

] Carbohydrates
M Protein

B Fat

Low Glycemic
Index
Treatment

[] Carbohydrates
M Protein

B Fat

@ JOHNS HOPKINS
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Admission “week”

 Monday
— Fasting till 5pm (in half)
— Y2 calories, set ratio
— Follow blood sugars
— Meds left unchanged
— Classes begin

« Tuesday
— Parents start checking ketones
— Classes continue
— Full calories at 5pm (Solid foods)
 Wednesday
— Final classes and wrap-up
— Appointments and prescriptions
— Discharge at 12pm




Pediatric Neurology 68 (2017) 35-39

Contents lists available at ScienceDirect

Pediatric Neurology

journal homepage: www.elsevier.com/locate/pnu

Original Article

Complications During Ketogenic Diet Initiation: Prevalence, @mmm
Treatment, and Influence on Seizure Outcomes o

Abigail Lin BS®, Zahava Turner RD ¢, Sarah C. Doerrer CPNP "',
Anthony Stanfield BS ™, Eric H. Kossoff MD >~
4 School of Medicine, The Johns Hopkins University, Baltimore, Maryland

® Department of Pediatrics, The Johns Hopkins Hospital, Baltimore, Maryland
€ Department of Neurology, The Johns Hopkins Hospital, Baltimore, Maryland

* Younger children had more issues

» Higher chance of a single low glucose
and lethargy if fasted

* NO correlation between more issues
and eventual Seizure Contr0| [AJOHNSHOPKINS

MEDICINE



TABLE 2.
Interventions Administered During Inpatient Ketogenic Diet (KD) Initiation

Orange Juice (30 mL) 38 (24%)
Enema or Miralax 9 (6%)
Admission extended at least 24 hours 8 (5%)
Medication for nausea or gastroesophageal reflux 5 (3%)
Advance to solid foods more quickly 5(3%)
Rescue seizure medication (rectal diazepam, intravenous 4 (3%)
lorazepam, or oral clonazepam)
Advance to full calories more quickly than protocol 3 (2%)
Intravenous fluids provided 3 (2%)
Readmitted to hospital within 48 hours postdischarge 3 (2%)
Cancel KD (family preference) 1(1%)

Values are given as n (percentage).
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Epilcpsia Oper\ e SpenAccses UGy

Optimal clinical management of children receiving dietary
therapies for epilepsy: Updated recommendations of the

International Ketogenic Diet Study Group

— 'Eri "' K°"°" "Beth A. Zupec K"“' ’Stéphane Auvin (0, “Karen R. Ballaban-Gil, ——sssé6 i ittniii ioiiiiiiiispvois:z i éiti ilibkB
SA.G. Chr Bergqvnst, SRobyn Blac d, "Jefirey m hhalt , *Roberto H. Carahal 3

jH c ManG ah zab th ). Doni Orkld G ”Ran S.Jeh
“Joerg Klej pp n-Chul ang Danlell ALambrechts M C i
'®Janak K. Nathan, ' gas . N rd i Jr, eidi H. Pfeifer, 2'Jol gM g d S
BSuvasini Sha.rm; “4Carl E. Stafstr: om "EI zabe hATh Zzha
26Maria M. Vaccarezza, ’Elles ).T.M. vznd ouw, Pera o Ve, gg otti, jame W W
*°Elaine C. Wirrell, heChar Foundati M tthew’s Fri ds nd the PmﬁceCommntt f
the Child Neurology So:lety

Epilepsia Open, 3(2):175-192,2018
doi: 10.1002/epi4.12225

No reason to fluid or calorie restrict

All 4 diets equally valid: you choose!
— KD for < 2 years, MAD/LGIT for > 12 years

80% admit for the diet (but 92% say it's
optional)
28% fast at the start (but 68% say it's optional)

— Not in infants < 2 years
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Side Effects

« Constipation
« (Gastroesophageal reflux
* Acidosis

 Renal stones

* Growth slowing

* Hyperlipidemia

« Vitamin D deficiency

« Carnitine deficiency
 Pancreatitis
 Bone fractures

« Cardiomyopathy (due to selenium
deficiency)

S—

J \

S—

S—

COMMON

SPORADIC

RARE
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Table 5. Supplementation recommended for
children receiving KDT

Universal recommendations
Multivitamin with minerals (including trace minerals, especially
selenium)
Calcium and vitamin D (meeting daily RDA requirements)
Optional extra supplementation
Vitamin D (above RDA)
Oral citrates (eg, CitraK or PolycitraK)
Laxatives: Miralax, mineral oil, glycerin suppository
Additional selenium, magnesium, zinc, phosphorus, iron, copper
Carnitine
MCT oil or coconut oil (source of MCT)
Salt (sodium to add to RCF formula if used for greater than age | year)

All supplements listed should be provided as carbohydrate-free prepara-
tions whenever possible.

@ JOHNS HOPKINS
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Maintenance

« Childrenat1, 3,6, 12, 18, 24
months

- Labs, dietitian, neurologist | By ,‘I‘ :

"‘"'Ilf

evaluation to assess efficacy and  EXSS l
safety = 1

« After 1-2 years if successful (3
months if not), the ketogenic diet is
slowly weaned back to previous
foods

— Return to their referring neurologist

!!!!!!!!



Table 6. Recommendations for aspects of a follow-up
KDT clinic visit

Nutritional assessment (registered dietitian)
Height, weight, ideal weight for stature, growth velocity, BMI
when appropriate
Head circumference in infants
Review appropriateness of KDT prescription (calories, protein,

and fluid) ———

Review vitamin and mineral supplementation
Assess compliance to KDT
Adjust KD T if necessary to improve compliance and seizure
control
Medical evaluation (neurologist)
Efficacy of the diet (is the KDT meeting parental expectations?)
Side effects of KDT
Antiseizure drug reduction (ifapplicable)
Should KDT be continued?
Laboratory assessment
Complete blood count with platelets
Electrolytes to include serum bicarbonate, total protein, calcium
Serum liver and kidney profile (including albumin, blood urea
nitrogen, creatinine)
Vitamin D level
Fasting lipid profile
Free and total carnitine
Urinalysis
Selenium level
Anticonvulsant drug levels (if applicable)
EEG (at KDT discontinuation consideration)
Optional
Serum beta-hydroxybutyrate (BOH) level
Urine calcium and creatinine
Zinc, copper levels
Renal ultrasound

ECG
Bone mineral density (DEXA scan) after 2 years onthe KD
Visits should be at least every 3 months for the first year of KDT, with a &JOHNS HOPKINS
visit | month after starting KDT also advised. MEDICINE




Long-term Use (>6 years)

 21% with bone fractures
« 25% with kidney stones

« 82% were <10 percentile for both
height and weight

 Mean cholesterol normal

Groesbeck DK,et.al. DMCN 2006
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Reasonable Reasons to Stop

* “Time to move on to other options”
» “Side effects are outweighing benefits”

» “The diet may have done it's job”

NNNNNNNN



When: Consensus Statements

Minimum diet duration: 3.5 months (SD 2.2)
— 2018: 3.2 months (1.3)

Stop immediately if seizures worsen for 1-2 weeks

Discuss at each visit but definitely after 2 years

— At each visit, start to weigh the risks vs. the benefits of
the diet

64% obtain an EEG before discontinuation

NNNNNNNN



Unique Conditions?

* Infantile spasms — 6 months

« Status epilepticus — 6 months

« Glut1 DS, PDHD - indefinitely

* Adults - ? indefinitely

NNNNNNNN



Epilepsy Research (2011) 95, 232—236

journal homepage: www.elsevier.com/locate/epilepsyres

Is there an ideal way to discontinue the
ketogenic diet?

Lila T. Worden?, Zahava Turner®, Paula L. Pyzik®,
James E. Rubenstein€, Eric H. Kossoff“*

183 children who stopped the KD
Mean age 5.3 years

&
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Relapse?

» 26 (14%) of 183 had increased seizures

— 15 were still able to come off the diet with
anticonvulsant changes made

— 9 had diet changes made (8 regained
control)

— 2 lost to follow-up

NNNNNNNN



SAVE THE DATE
17521§SERTEMBER}2023

—— 8™ GLOBAL SYMPOSIUM ON ——

KETOGENIC THERAPIES

LOEWS CORONADO BAY RESORT | SAN DIEGO, CALIFORNIA

PRESENTED BY IN PARTNERSHIP WITH SPONSORED BY

INTERNATIONAL - it
NEUROLOGICAL Gitl N Rady 4 (@)
KETOGENIC SOCIETY patomey! [ : Childrens UC San Diego
www.neuroketo.org Foundation S smego W4 SCHOOLor MEDICINE

www G1DFoundation org

WWW.GLOBALKETO.COM #KETOGLOBAL2023 MEDICINE
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Infantile spasms

* Highly effective with
copious publications

« Often excluded from
reviews on the topic
due to this high level
of evidence

o Stops IESS in 1-2
weeks in 60-70% of
patients

!!!!!!!!



Options

0000000000

« ACTH |
— Injections (80U vial) IM muun
— 150 units/m2 twice daily for 2 weeks

Prednisolone

— Liquid (20mg/5ml) — 20mg TID-QID
— 4-6 mg/kg/day

— Tastes terrible

— Cheap




Problems

o Side effects

— Gastrointestinal side effects
— lrritability, edema, weight gain

— Hypertension in 34/77 (44%) ACTH and 4/11 (36%) with
prednisolone (McGarry JCN 2020)

e 33% recurrence risk

IIIIIIII



Articles

> W %

Lancet Neurol 2005; 4: 712-17
Published online

October 6, 2005
DOI10.1016/51474-4422(05)
70199.X

Royal United Hospital Bath
INHS Trust and the School for
Health, University of Bath,
Bath, UK (A L Lux BMBS,

SW Edwards PhD,

€ Hancock MD,

F) X 0'Callaghan PhD,

) P Osborme MD); Department of
Paediatric Neurclogy, Frenchay
Hospital and the Bristol Royal
Hospital for Children, Bristol,
UK (A L Lux BMBS,

F) K O'Callaghan PhD); Medical
Research Council B st

The United Kingdom Infantile Spasms Study (UKISS)
comparing hormone treatment with vigabatrin on
developmental and epilepsy outcomes to age 14 months:

a multicentre randomised trial

Andrew L Lux, Stuart W Edwards, Eleanor Hancock, Anthony L Johnson, Colin R Kennedy, Richard W Newton, Finbar | K O’Callaghan,
Christopher M Verity, John P Osborne, the trial steering committee on behalf of participating investigators*

Summary

Background Infantile spasms is a severe infantile seizure disorder that is difficult to treat and has a high morbidity.

Absence of spasms on days 13 and 14 after rand

is more ¢

in infants allocated hormone treatments

than in those allocated vigabatrin. We sought to assess whether early control of spasms is associated with improved

developmental or epilepsy outcomes.

Methods Infants enrolled in the United Kingdom Inf:

ile S Study (UKISS) were randomly assigned

(n=55) or vigab

age. We with the Vinel

(n=52) and wexe followed up until clinical

at12-14 hs of

intention to treat basis.

Findings Of 107 infants enrolled, five died and 101 survivors reached both foll

daptive behaviour scales (VABS) at 14 months of age on an

Absence of sp at

final clinical assessment (hormone 41/55 [75%] vs vigabatrin 39/51 [76%]) was similar in each treatment group
(difference 1-9%, 95% CI —18-3% to 14.4%; x’=0-05; p=0-82). Mean VABS score did not differ significantly
(hormone 78-6 [SD 16-8] vs vigabatrin 77-5 [SD 12.7]; difference 1-0, 95% CI —4.9 to 7-0; t_=0-35, p=0-73). In
infants with no identified underlying aetiology, the mean VABS score was higher in those allocated hormone treatment
than in those allocated vigabatrin (88-2 [17-3] vs 789 [14-3]; difference 9-3,95% CI 1-210 17-3; 1, =2.28, p=0-025).
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Interp ion Hi « 1 better than does vigabatrin initially, but not at 12-14 months of
age. Better initial control of spasms by hormone treatment in those with no identified underlying aetiology may lead

to improved developmental outcome.

Introduction
Infantile spasms, a rare form of epilepsy, presents in
infancy with ictal episodes consisting of sp that

usually occur in clusters.”” The associated chaotic and
high-voltage interictal EEG pattern is called hypsar-
rhythmia, although this term is not always used because
it is poorly defined and the EEG can vary with the
underlying aetiology of the spasms and can change as
the disorder progresses.’ More than half of infants who
develop infantile spasms have an underlying neuro-
logical disorder, such as periventricular leucomalacia,
hypoxic ischaemic encephalopathy, Down’s syndrome,
or tuberous sclerosis.’ Onset of spasms is often
associated with developmental arrest or regression and,
even among !]\ose without an xdenuﬁed underlymg

was more likely in infants allocated hormone treatments
than in those allocated vigabatrin.‘ Observational studies
suggest that a reduced interval between onset and
cessation of spasms results in improved development’® in
infants with no underlying aetiology and in those with
Down's syndrome.** Additionally, the degree of brain
involvement in tuberous sclerosis is not sufficient to
account for the reducuon in intelligence quonem and
the p e of i il is ind dentl
associated with a reduced m!elhgeuce quouenl Better
control of spasms might improve development, but no
previous of t for sp has
systematically measured this outcome.*

We hypothesised that if a treatment was initially
successful in conlro]lmg spasms n might resull m

& JOHNS HOPKINS
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DEVELOPMENTAL MEDICINE & CHILD NEUROLOGY SYSTEMATIC REVIEW

Prednisolone/prednisone as adrenocorticotropic hormone
alternative for infantile spasms: a meta-analysis of randomized
controlled trials
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Table 1: Descriptive characteristics of the included studies

Cases Age Sex Follow  Attrition
Study Country Study set Time frame {n) {mo) (M/F) Patients Interventions Study outcomes up (%)
Hrachovy et al."® USA Double-blind, RCT NA 24 35-24 NA IS with HS ACTH (20-30U/d) vs PRD Cessation of 12- 0
(2mg/kg/d) for 2wks, then  spasms and 33mo
tapered over 1wk for disappearance of
responders HS
Baram et al.® USA RCT NA 29 2-21 12117 IS with HS ACTH (150U/m?d) vs PRD  Cessation of 2- 0
(2mg/kg/d) for 2wks, then  spasms and 48mo
tapered over 15d elimination of HS
by the end of the
2wk treatment
Lux et al.'® UK Multi-centre, RCT Jun 1999-Dec 55 4-9 32/23 IS with HS or PRDL (40-60mg/d) vs Cessation of 29d 0
2002 similar tetracosactide (40-801U/ spasms for at |east
alternated) for 2wks, then 48h including day
tapered over 15d 13; resolution of
HS on day 12-19
after treatment
Wanigasinghe Sri Lanka  Single-blind, RCT 2010-2014 97 2-30 56/41 IS with HS Synthetic ACTH (40-60IU/  Remission of IS by  42d 6
etal” alternated) vs PRDL (40— end of day 14 and
680mg/d) for 2wks, then electroclinical
tapered over 3wks remission by end
of day 14; other
secondary
outcomes
O'Callpsghan Five Multi-centre, RCT Mar 2007-May 377 2-14 210/ IS with HS or The protocol for hormone  Freedom from Bwks 0
et al. countries 2014 167 similar treatment is the same as spasms on and
that in Lux et al."” between day 14
and day 42 from
trial entry;
cessation of
spasms and
resolution of HS
EEG; other
secondary
outcomes
Wanigasinghe Sri Lanka  Randomized, 2010-2014 97 2-24  56/41 IS with HS The same as that in The proportion of 12mo 22
etal.’® single-blind, Wanigasinghe et al."”” freedom from
parallel trial The same hormone spasms at 3, 6,
treatment was repeated and 12mo
and other anti-
convulsants were
introduced for relapsed
patients during follow-up
Gowda et al."? India Single centre, RCT Oct 2013-Oct 34 2-60 2113 IS (no detailed  ACTH (1001U/body surface Cessation of 6mo 3
2015 EG) area/d vs PRDL 4mg/kg/d spasms at day 14,

for 2wks, then tapered
over 3-4wks)

day 28

RCT, randomized controlled trial; NA, not available; IS, infantile spasms; HS, hypsarrhythmia; ACTH, adrenocorticotropic hormone; U, unit; PRD, prednisone; PRDL, prednisolone;

EEG, electroencephalogram.

 |ldentical EEG and clinical responses

 Similar adverse effects too...

» High dose > low dose prednisolone
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Outside of IESS?

» Evidence (limited) for:
— ESES

— Landau Kleffner syndrome
« 50-60% efficacy, but 75% relapse rates

— Status epilepticus
 Limited case reports (NORSE/FIRES) only

— “Other” drug-resistant epilepsy
» 40-50% efficacy, but high recurrence again
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Short term treatment (days):

IV methylprednisolone Short term treatment (days):

oral prednisolone — D <+« |V methylprednisolone
+ prednisolone/dexamethasone 5 8 (D)EE- + prednisolone/dexamethasone
tapering resolstant SWAS tapering

——>  epilepsy ]

Long term treatment (months):

Long term treatment (months):
hydrocortisone/prednisolone/ACTH

hydrocortisone/prednisolone/

ACTH/dexamethasone Epileptic
novel neurosteroids: Spasms
ganaxolone: TSC, CDKL5-def.,

PCDH19-DEE

I

ICISS protocol:
oral prednisolone
+ vigabatrin

“there 1s a lack of results from RCT providing clear evidence for the
use of specific steroid regimens in epilepsies other than epileptic
spasms. Therefore, no recommendations or statistics including a meta-

analysis could be performed.”

_& JOHNS HOPKINS

Becker & Kaindl Front Neurol 2023
review
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Immunoglobulin therapy

* 400 mg/kg — 1 g/kg
given IV over 5 days

— Some protocols with
monthly infusions

 Commonly used for
epilepsy due to
encephalitis or
Immune-related




* Van Rijckevorsel-Harmant 1994
— 61 participants

— IVIG vs. placebo
« 21/40 vs. 5/18 (not significant)

* LGI-175% (6 of 8) — Mayo

 Rasmussen syndrome

— Bien 2013
— Temporizes before hemispherectomy
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Cochrane Review 2019

* 1 study included

— 7 case reports also
* 4 with Rasmussen

 “We cannot draw
any reliable
conclusions
regarding the
efficacy of IVIg as a
treatment for

epilepsy”

Cochrane
Library
Cochrane Database of Systematic Reviews
g g ang K, Wang
J,Dong J,LiY, , 3 +
Intravenous immunoglobulins for epilepsy.
ne Database i iew:

DOI: 10.1002/14651858.CD008557.pub4.

NNNNNNNN



Summary

» Ketogenic diet therapy is a well-
established, nonpharmacologic therapy
for refractory epilepsy

» Steroids — infantile spasms

* IVIG — Rasmussen, LGI-17?, other
encephalitis cases?
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