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"Wo thanks, I'm on a low carb diet.”
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* Anecdotal reports by Dr.
Hugh Conklin of benefits
of fasting on seizure
control 1910s
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6-month Seizure Reduction from the Ketogenic Diet

Seizure-free

90-99%

50-90%
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Ketogenic Diet for Epilepsy Treatment / Hendersorn et al

Table 1. Included Studies

Study

Study Type

Age (yr)
Subjects Duration Mean
(Total) (mao)? Males (Range)

Diet Type

Strength of
Evidencet

Hopkins and Lynch?

Sills et al®

Woody et al®

WVining et al®

Freeman et alm

MacCracken and
Scalisi'?

Kankirawatana et al'®

Lightstone et al"

Wining et al'®

Coppola et al

Trauner™

Hassan et al'®

Couch et al®

Maydell et al*®

Mordli et al®

Wirrell et alz2

DiMario and Holland?®®
Kossoff et al®

Mady et al=

Prospective
Prospective
Prospective
Prospective
Prospective
Prospective

Prospective
Prospective
Prospective
Prospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective

34 24 — (1.0-12.0)

50 24 — —

15 24 — 2.4 (1.7-6.0)

51 6 34 4.7 (1.3-6.6)
150 48 85 (0.3-16.0)

11 36 — 4.8 (1.0-12.8)

35 12 16 5.4 (0.2-12.0)
46 6 26 5.3 (0.4-16.5)
237 3.7 (0.2-9.8)

56 36 10.4 (1.0-23.0)

17 10 (1.0-13.0)

52 27 5.5

26 11 4.4 (2.0-11.0)
143 87 7.5 (0.3-29.0)

31 18 1.2

14 — 7.3 (1.0-16.8)

43 16 6.5 (1.0-15.0)

23 — 17 1.1 (0.4-2.0)

45 25 14.4
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MCT
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CO/MCT
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CD
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MCT

CO/MCT
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cD
cD
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CD = classic diet; MCT = medium-chain triglyceride.

*Total months on diet.

fClass -V based on a standard classification scheme for treatment studies (see Appendix) 3

Henderson J Child Neurol 2006
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Epilepsia, 50(2):304-317
doi: 10.1111/5.1528-116

SPECIAL REPORT

Optimal clinical management of children receiving the
ketogenic diet: Recommendations of the International
Ketogenic Diet Study Group

*Eric H. Kossoff, {Beth A. Zupec-Kania, {Per E. Amark, §Karen R. Ballaban-Gil,
9A. G. Christina Bergqvist, #Robyn Blackford, **]effrey R. Buchhalter,
TTRoberto H. Caraballo, ii). Helen Cross, {Maria G. Dahlin, §§Elizabeth ). Donner,
99)oerg Klepper, 4RanaS. Jehle, ###Heung Dong Kim, §§Y. M. Christiana Liu,
***Judy Nation, #Douglas R. Nordli, Jr., i {fHeidi H. Pfeifer, iiiJong M. Rho,
§85Carl E. Stafstrom, jj{Elizabeth A. Thiele, *Zahava Turner, Y9 Elaine C. Wirrell,
#HiH)ames W. Wheless, ****Pierangelo Veggiotti, *Eileen P. G. Vining and The Charlie
Foundation, and the Practice Committee of the Child Neurology Society




INTERNATIONAL SYMPOSIUM

ON DIETARY THERAPIES FOR EPILEPSY
AND OTHER NEUROLOGICAL DISORDERS

April 2-5, 2008
The Ritz-Carlton Phoenix

BARROW

MNeurological
Instifute
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GLOBAL SYMPOSIUM ON THE
DIETARY TREATMENTS FOR
EPILEPSY AND OTHER
NEUROLOGICAL DISORDERS

The Sheraton Hotel, Edinburgh, Scotland, UK

5th — 8th OCTOBER 2010

Advanced Medical Nutrition




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




Foob FOR THOUGHT: THE KETOGENIC DIET AND ADVERSE EFFECTS

IN CHILDREN

» Constipation
* Diminished weight gain
* Acidosis

* Kidney stones

« Growth slowing

» Hyperlipidemia

* Bone density changes
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Helped by alkalinization of the urine (polycitra), no proof it works 6.2%
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A lot of families would ask me in clinic when I discussed with them why I thought their child should go on the diet, this was in the hey-dey of the Atkins diet, and they’d then say “Oh, it’s the Atkins diet”.  Of course, I would say “absolutely not”…


general n~-- "-ﬂ-ion of
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A lot of families would ask me in clinic when I discussed with them why I thought their child should go on the diet, this was in the hey-dey of the Atkins diet, and they’d then say “Oh, it’s the Atkins diet”.  Of course, I would say “absolutely not”…


Kossoff et al., Epilepsia 2005 (updated 2011)
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75 centers in over 40 countries at this time offer the diet and many do research


2011: A “Gentler” Ketogenic Diet

Fasting not required
L ess 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)...



n Easier Diet for
Epilepsy Patients
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Carbohydrate:
2%

Frotein: 16%

Fal: S0%

Ketogenic diet Standard, “normal™ diet




Carbohydrate:
2%

Frotein: 30%

Frotein: 1689%

Fal: 0%

Ketogenic diet Modified Atkins diet Standard, “normal” diet




Carbohydrate:
- .::. : Caiboh ¥ drala
P ] El r!.= )
Protein: 8%

i
Larpohydrate:
Frotein: 30% 49% |

Frotein: 16%

Fal: S0%

Ketogenic diet Modified AtKins diet Standard, “normal™ diet

* 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

e Qutcome:

— 95% reduction in seizures and 2
medications stopped

— Mother teaching other parents in Honduras



Dietary Treatments: 2011

Less restrictive diets to expand usage
Basic science collaborations

First-line use

Adults

. Non-epilepsy indications
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Ketogenic Diet
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Anticonvulsant Action

Bough Epilepsia 2007




Ketogenic Diet

v !
Elevated FFA |— Reduced Glucose
\\1 ‘ e
g
P

T Acetone | = Chronic .-"| FUFAs | = | NE ] \
Ketosis | | !

L plyeolysis
K. channals P PPARu —= PGC1-u \ J H".

T Kare

Modified W " channels
TCA \ I Oxidative
e
\l Ganas | BONF

I . TUCP2/4/5 J Metabolism
\ and

]
@ \ | / ‘L LTrkB
LA

! Mitochondrial
Bicgenesis

TR | J5 R — ]

*ROS | ™1 Ox Phos ATP Production|

| nauraprotaction I*

|T PCr:Cr Ratio |+— T Energy Resewes|

l\"| T GABAergic Output |<— Stabilized Synaptic Function

Anticonvulsant Action
Bough Epilepsia 2007




>

6 Hz test

: Normal
CR-IF
® CR-D
® Keto

o

o
w
o
S

M
]
w

=

=
2
Q

Y

>

5 10 15 20
Current (mA)

Hartman Epilepsia 2010



Dietary Treatments: 2011

Less restrictive diets to expand usage
Basic science collaborations

First-line use

Adults

. Non-epilepsy indications
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doi: 10.11

SPECIAL REPORT

Optimal clinical management of children receiving the
ketogenic diet: Recommendations of the International
Ketogenic Diet Study Group

Table |. Epilepsy syndromes and conditions
in which the KD has been reported
as particularly beneficial

Probable benefit (at least two publications)

Glucose transporter protein | (GLUT-1) deficiency

Pyruvate dehydrogenase deficiency (PDHD)

Myoclonic-astatic epilepsy (Doose syndrome)

Tuberous sclerosis complex

Rett syndrome

Severe myoclonic epilepsy of infancy (Dravet syndrome)
— Infantile spasms

Children receiving only formula (infants or enterally fed patients)
Suggestion of benefit (one case report or series)

Selected mitochondrial disorders

Glycogenosis type V

Landau-Kleffner syndrome

Lafora body disease

Subacute sclerosing panencephalitis (S5PE)




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?

Table 3. Prognostic factors for likelihood of a >90%
spasm reduction using an intent-to-treat analysis at

6 months

Male gender

Symptomatic etiology

Classic hypsarrhythmia at KD onset

Age at spasm onset (years)

Spasm frequency (per month)

Age at KD onset (years)

MNo. AEDs tried prior to diet

Prior steroid use (%)

Mo. AEDs at KD onset

4:| Ketogenic ratio

Draily kilocalories

started on KD after 9/1 22000
in = BI1)*

=005

in=4l) p-Yalue

0.6
0.81

) 0.6
05(0.03) 0.03
1693 (264)  0.84
0.05

bt | ri-.l-l.nlJ-:---

“Since the previous preliminary study results (Kossoff et al., 2002).

AED, antiepileptic drug

Hong Epilepsia 2010
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« 5 month old previously healthy
girl with the acute onset of
iInfantile spasms

« Seen in ER after 3 days
— ACTH and vigabatrin offered

» Family given another
choice...
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"Carson FEELING GOOD ance again”

Owr Mission

To rase funds and provide support for the John . Freeman Pediatric Epidepsy Center at Johns Hoplans Hospital Thus
center provides care for children of all ages wath difficult-to-control epilepsy and offers umque and exceptional treatments
including surgery, diets, brain stimulation, and medications in order to help and even cure childhood-onset seizures. The
Carson Harris Fund 15 directly wmvolved in supporting thew clinical and research efforts to achieve these goals.







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



Dietary Treatments: 2011

Less restrictive diets to expand usage
Basic science collaborations

First-line use

Adults

. Non-epilepsy indications



EPILEPSY IN ADULTS

RESULTS OF TREATMENT BY XETOGENIC DIET 1IN
ONE HUNDRED CASES *

CLIFFORD J. BARBORKA, M.D,

ROCHESTER, MINN.

* 100 adults
— Ages 16-51 years

* 56% “deriving benefit”
« “Worthy of future study”

Barborka Arch Neurol 1930



/0 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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KETOGENIC DIETARY THERAPIES
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for KETOGENIC DIETARY THERAPIES
TREATING ADULTS AND CHILDREN
BASED AT THE AWARD WINNING NEVILLE CHILDHOOD EPILEPSY CENTRE, NCYPE, LINGFIELD, SURREY.
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Less restrictive diets to expand usage
Basic science collaborations

First-line use

Adults

. Non-epilepsy indications
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Neurologic Uses Other than Epilepsy

Autism

Brain tumors
Depression

Narcolepsy
Glycogenosis Type V
Alzheimer’s

Traumatic brain injury
Parkinson’s

ALS

Migraine

Sleep disorders

Post hypoxic myoclonus
Post anoxic brain injury
Schizophrenia

Spinal cord injury

Pain

Sandhoff disease

2003
2003
2004
2004
2005
2005
2005
2005
2006
2006
2007
2007
2008
2009
2009
2009
2010



Ketogenic diet reduces AB40 and A342
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Van der Auwera, 2005



‘Milkshake®
could fight
Alzheimers

[ASSOCIATED PRESS]

WASHINGTON // Drinking a
milkshake-style medicine at
breakfast seems to feed brain
cells starved from Alzheimer’s
damage, researchers reported
yesterday.

The milkshake drug, called Keta-
SYn, is a new way to approach de-
mentia. It hinges on recent re-
search suggesting that diabetic-like
changes in brain cells’ ability to use
sugar for energy play a role in at
least some forms of Alzheimer’s.

Special fatty acids in Ketasyn of-
fer an alternate food source to rev
up those hungry neurons, re-
searchers told an international
Alzheimer’s meeting here yester-
day. In a study of 150 patients,
adding Ketasyn to their regular
medicines produced a small but
Important boost in mental func-
tioning — but only in people who
don’t carry an Alzheimers gene
called ApoE4. Still, that’s about
half of all patients.

“We see thisas a co-therapy,” not
a way to stop Alzheimer’s, cau-
tioned Dr. Lauren Constantini, a
former Harvard scientist now
with the company Accera Inc.




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
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Seyfried J Cancer Res Ther 2009



Dietary Cancer Trial | University Affiliated Cl in New York - Microsoft Internet Explorer
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STUDY PROCEDURES

Can A Low Carb Diet

MEDICAL REFEREMCES

Help Your Cancer ?

Join The RECHARGE Trial

(Reduced Carbohydrates Against Resistant Tumors)

and find out!

(718} 904- 2639 Dr. Eugene Fine
(718) 430-2161 Dr.C.] Segal Isaacson
(718} 405-8545 Ms, Michelle Goggin
(718} 920-6720 Ms. Silvia Herszkopf

The Albert Einstein Cancer Center

You may be eligible to participate in this one month research study if
you are:

e An adult with metastatic cancer {especially breast or colon; others may
qualifyy who declines chemotherapy or whose cancer has resisted prior

&] Done 4 Internet
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Study with Daniel Berg – University of Iowa. See if KD during chemotherapy for non-small cell lung cancer helps the chemotherapy work better as well as more cell death.
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Fighting Cancer with Fats

[><) Email This (=) Print Thiz AA Text Size

Barrow researcher explores innovative cancer treatment

For Barrow Researcher Adrienne C. Scheck, PhD, diets are far more than a health fad: Or. Scheck is researching the potential of a
therapy known as the ketogenic diet to complement traditional treatments for brain cancer such as radiation and chemotherapy.

Since the 19205, the ketogenic diet has been used to control epilepsy, but its popularity has waxed and waned. It is now used
almost exclusively in children whose seizures do not respond to conventional drug therapies. The highly regimented diet calls for
nearly 80 percent of a patient's calorie intake to come from fat and less than 1 percent from carbohydrates, with the remainder
coming from protein.

Researchers were spurred to investigate the ketogenic diet as a cancer therapy because cancer cells rely primarily on glucose to
fuel their metabolism. The diet causes the body to enter a state called ketosis, where fat-derived chemicals called ketones are

burned in response to the ahsence of carbohydrates. It has been theorized that because tumor cells cannot use ketones for energy,
this metabolic change would starve tumor tissue, stunting its growth and improving survival rates for cancer patients.

While not ruling out the metabolic explanation, Dr. Scheck's research has uncovered other ways that the diet acts on tumars.

Or. Scheck and her team in the Barrow Meuro-Oncology Research Laboratory observed that live tumor maodels subjected to the
ketogenic diet had fewer reactive oxygen species presentin and around the cancerous tissue.

KD ‘Reactive oxygen species are created during normal cellular metabolism and are

- important in the control of many aspects of cell growth—too many or too few are

bad for the cell,” says Dr. Scheck. “The metabolism of tumaors is higher than that of
normal tissue—a feature that may allow them to adapt to increases in reactive

& Internet fy v HL100%

T . SgnIn -

»




ALS (Lou Gehrig’s Disease)

* Transgenic mouse
model of ALS used at

Mt. Sinai (Zhou and o N o
La n g e ) r " ' ‘H E:g ggg:i-l(etongenic Diet

ron Counts

« 25 days longer until
50% loss of motor
function
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Average Motor neu

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

Zhou BMC Neurosci 2006
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As you may know this is a Nutricia and GCRC sponsored open-label study in adults with GT’s at Hopkins and Mt. Sinai.


Safety and Tolerability of the KD for ALS

Pl: 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 |
' 5

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 Iin
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
Presentation Notes
Likely to become the preferred therapy in teens and adults vs. ketogenic diet


3" International Dietary
Treatment Symposium: 2012
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