
Dietary Treatments for Epilepsy
 From Minnesota to Scotland….and beyond!

Eric H. Kossoff, MD
Associate Professor, Neurology & Pediatrics

Medical Director, Ketogenic Diet Program
Johns Hopkins Hospital

Presenter
Presentation Notes
Add AOA symbol







1921
•

 
Anecdotal reports by Dr. 
Hugh Conklin of benefits 
of fasting on seizure 
control 1910s

•
 

Dr. Wilder at Mayo Clinic, 
Rochester, MN creates a 
high fat, low carbohydrate 
diet to mimic fasting state

•
 

Highly popular in children 
and adults

http://upload.wikimedia.org/wikipedia/commons/4/45/Conklin_Fasting_-_NewYorkTimes.png


6-month Seizure Reduction from the Ketogenic Diet

50-90%

90-99%

Seizure-free

<50%





17 November 1993





Henderson J Child Neurol 2006
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Dietary Treatments: 2011

1.
 

Less restrictive diets to expand usage

2.
 

Adults

3.
 

Basic science collaborations

4.
 

First-line use

5.
 

Non-epilepsy indications



The “Classic” Ketogenic Diet

•

 

90% calories are fat

•

 

Fluid and calorie-limited

•

 

Foods weighed on gram scales

•

 

Typically started in the hospital 
gradually over 4-5 days

–

 

Brief fasting period optional

•

 

Children continued for 
approximately 2 years if 
effective



•
 

Constipation
•

 
Diminished weight gain

•
 

Acidosis 

•
 

Kidney stones
•

 
Growth slowing

•
 

Hyperlipidemia
•

 
Bone density changes
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2011: A “Gentler” Ketogenic Diet

•
 

Fasting not required

•
 

Less reliance on ketones, labs

•
 

Adjust calories, ratio, fluids for growth and 
satiety

•
 

www.ketocalculator.com

•
 

Let the parents help decide when to stop

•
 

Start whichever diet you want (or is available)…









• No calorie restriction

• No fluid restriction 

• No hospital admission

• No weighing of foods on gram scales

• No fasting required



“MAD”: Other Potential 
Advantages

•
 

Less time needed for parent education

•
 

Can be started urgently in the clinic

•
 

Parents can do it along with their child

•
 

Products available in stores



Modified Atkins Diet: April 2011

•
 

100 (47%) of 214 children published with 
>50% seizure reduction to date
–

 
26 (12%) became seizure-free

Kossoff Neurology 2003; Kossoff Epilepsia 
2006; Kang Epilepsia 2007; Kossoff Epilepsy 
Behav 2007; Ito Brain Dev 2007; Weber 
Seizure 2008; Porta Seizure 2009; Kossoff  J 
Child Neurol 2010; Tonekaboni Arch Iran Med 
2010; Miranda Seizure 2010, Kumada Brain 
Dev 2011



E.B.

•
 

Started on the modified Atkins diet 3 
years ago by Dr. Marco Medina
–

 
No dietitian or prior experience with diets

–
 

Information translated into Spanish

•
 

Outcome:
–

 
95% reduction in seizures and 2 
medications stopped

–
 

Mother teaching other parents in Honduras
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12-240

Plasma Glucagon
Blood Ketone Bodies

Plasma Insulin

Plasma Free Fatty Acids

Blood Glucose

Liver Glycogen



Bough Epilepsia 2007



Bough Epilepsia 2007



Seizure test results
Diet 6 Hz Kainic 

acid
MES-

 type
PTZ

Keto ↓ ↔ ↑↓† ↔‡
CR-IF ↑ ↓ ↑ ↔
2-DG ††
(acute) 

↓ ↑ ↑ ↑

Hartman Epilepsia 2010
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KD and Infantile Spasms

•
 

Nordli Pediatrics 2002
–

 
23 infants

•
 

72% with >50% spasm reduction

•
 

Eun Brain Dev 2006
–

 
43 infants

•
 

70% with >50% spasm reduction; 35% spasm-free

•
 

Hong
 

Epilepsia 2010
–

 
104 infants

•
 

64% with >50% spasm reduction; 37% with spasm-
 

free periods



Predictive factors for success?

Hong Epilepsia 2010



C.H.

•
 

5 month old previously healthy 
girl with the acute onset of 
infantile spasms

•
 

Seen in ER after 3 days
–

 

ACTH and vigabatrin offered

•
 

Family given another 
choice…



2 months later







New-onset Infantile Spasms

•
 

Parents highly interested in the option

•
 

Successful in 10 of 20 (50%) cases since 
1996

•
 

Ketogenic diet now routinely offered as a 
first line therapy for IS at Johns Hopkins

Kossoff Epilepsia 2008
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•
 

100 adults
–

 
Ages 16-51 years

•
 

56% “deriving benefit”

•
 

“Worthy of future study”

Barborka Arch Neurol 1930



70 years of disuse

•
 

Diets seen as too restrictive for normal 
adults 
–

 
Occasionally misquoted as “ineffective”

•
 

Largest study since (26 patients) from 
Philadelphia shows benefit in 54%

Nei Epilepsia 2003



Modified Atkins Diet?

•
 

Hopkins 2008: 47% with >50% seizure 
reduction at 3 months

•
 

Weight loss can be a bonus

•
 

Compliance is poor long-term unless adult is 
seizure-free
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Neurologic Uses Other than Epilepsy

Autism

 

2003
Brain tumors

 

2003
Depression

 

2004
Narcolepsy

 

2004 
Glycogenosis Type V

 

2005
Alzheimer’s

 

2005
Traumatic brain injury 2005
Parkinson’s

 

2005
ALS

 

2006
Migraine

 

2006
Sleep disorders

 

2007
Post hypoxic myoclonus

 

2007
Post anoxic brain injury

 

2008
Schizophrenia

 

2009
Spinal cord injury

 

2009
Pain

 

2009
Sandhoff disease

 

2010



Ketogenic diet reduces Aβ40 and Aβ42

Van der Auwera, 2005





Axona™

•
 

Approved March 2009

•
 

2 studies showing benefit

–
 

Both sponsored and 
authored by Accera, Inc.

•
 

Alzheimer’s Association 

–
 

“medical foods a subject of 
concern”…

Henderson Neurotherapeutics 2008 
Henderson Nutr Metab 2009 



Seyfried J Cancer Res Ther 2009
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ALS (Lou Gehrig’s Disease)
•

 
Transgenic mouse 
model of ALS used at 
Mt. Sinai (Zhou and 
Lange)

•
 

25 days longer until 
50% loss of motor 
function

•
 

More motor neurons in 
KD fed mice (p=0.03)

Zhou BMC Neurosci 2006
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Safety and Tolerability of the KD for ALS

•
 

PI: Vinay Chaudhry, Dale Lange (Cornell)

•
 

Adults with ALS
–

 

Gastrostomy-tube fed

•
 

Admitted and transitioned over to ketogenic formula

•
 

28 week study



Headaches
•

 
Many preventative therapies 
for migraines are 
anticonvulsants

•
 

Foods can trigger migraines
•

 
Obesity is also linked to 
migraines

•
 

Pilot series of 10 adolescents 
with chronic daily headache
–

 
Modified Atkins diet (15 g/day)

–
 

Johns Hopkins Hospital & 
University of Maryland



Atkins and Headaches: Results

•
 

Only 8 patients from 2006-2009 
recruited

•
 

3 with modest improvement in 
headache severity, none in frequency

•
 

Most dropped out within 2-4 weeks
Kossoff Cephalalgia 2010



Summary

•
 

Now is perhaps the most exciting time 
to date in the use of dietary therapies

•
 

Expanding uses for children with 
epilepsy worldwide
–

 
Making the diet easier to administer

–
 

Not waiting until it’s a last resort

•
 

New directions: adults and non-epilepsy 
indications

Presenter
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3rd International Dietary 
Treatment Symposium: 2012
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Johns Hopkins Ketogenic Diet Center
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•
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•
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•
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