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Dietary Therapies for Epilepsy

Eric H. Kossoff', Huei-Shyong Wang?

Since their introduction in 1921, high-fat, low-carbohydrate “ketogenic” diets have been
used worldwide for refractory childhood epilepsy. Approximately half of the children have at
least half their seizures reduced, including 15% who are seizure free. The mechanisms of action
of dietary therapies are under active investigation and appear to involve mitochondria. Once
perceived as a last resort, modifications to initiation and maintenance, as well as the widespread
use of pre-made ketogenic formulas have allowed dietary treatment to be used earlier in the course
of epilepsy. For infantile spasms (West syndrome) specifically, the ketogenic diet is successful
about 50% of the time as a first-line treatment. New “alternative” diets such as the modified
Atkins diet were created in 2003 and can be started more easily and are less restrictive. They
may have particular value for countries in Asia. Side effects include constipation, dyslipidemia,
growth slowing, acidosis, and kidney stones. Additionally, neurologists are studying ketogenic
diets for conditions other than epilepsy, including Alzheimer’s disease, autism, and brain tumors.

(Biomed J 2013;36:2-8)
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Ithough many children have their seizures readily

respond to anticonvulsant medications, unfortunately
that is not always the case. Most child epileptologists will
then consider epilepsy surgery as the next best step, but a
large subset of children are either not candidates for surgery
(e.g. generalized epilepsy syndromes, multifocal, or despite
advances in EEG and neuroimaging an unclear focus) or
the focus is in eloquent (e.g. motor, language, or memory)
cortex. In our experience as well, many parents of especially
very young children are not ready for epilepsy surgery until
all potentially helpful options have been attempted first.

In these situations, what choices does a patient or parent
have? It is not unusual to see some families counseled by
their neurologist that there are no viable options available
and their child will continue to have frequent disabling
seizures. Today nothing could be further from the truth.
There are many “nonpharmacologic” therapies available
for those with intractable seizures, especially children.
This does not include “alternative” therapies such as herbs,
vitamins, biofeedback, and acupuncture. In fact, most
epileptologists and government funding sources do not
consider these therapies “alternative” any longer, but rather

established, medically proven, treatments. The two major
nonpharmacologic treatments for patients with epilepsy are
neurostimulation devices (e.g. vagus nerve stimulators) and
dietary treatments. In this review, we will cover the latter
treatments, namely, using diets.

History of dietary treatments

Using diets for the treatment of epilepsy is not a new
idea; in fact, it is one of the oldest treatments for epilepsy
in existence. In the 1920s and 1930s, there were no anticon-
vulsants other than phenobarbital and bromides available
for the treatment of epilepsy in children or even adults. As
a result, the ketogenic diet (KD) was created in 1921 at the
Mayo Clinic in Rochester, Minnesota, USA, by Dr. Wilder
for children with refractory epilepsy.!"! This new treatment
restricted carbohydrates, protein, calories, and fluids while
significantly increasing fat intake to comprise at least 90%
of calories. This treatment was designed to mimic the effects
of starvation, which had been recognized for centuries as
therapeutic for epilepsy.

Although initially very popular, as new anticonvulsants
such as phenytoin became introduced, the popularity of the
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KD waned, with usage primarily limited to select academic
institutions and as a last resort for children with severe epi-
lepsy. After the creation of the Charlie Foundation parent
support group in 1994 by the father of a child with seizures
treated at Johns Hopkins Hospital in Baltimore, Maryland,
interest was reawakened in the United States and then around
the world 3—4 years later.””

It is an exciting time for those who use the KD, now
nearly 20 years since the founding of the Charlie Foundation.
Nearly 100 new articles devoted to dietary therapy per year
are being published. Large international symposia devoted
to the use of dietary therapies have been held in Phoenix,
Arizona, USA in 2008, Edinburgh, UK in 2010, and a third is
planned for Chicago, Illinois, USA in September 2012. The
years 2008 and 2009 were the most dramatic for KD research
with two prospective controlled trials demonstrating efficacy
of the KD and an International Consensus Statement guiding
ideal use and management for neurologists and dietitians.”**!
There are now four different KDs available to choose from:
the traditional “classic” KD, the medium-chain triglyceride
(MCT) diet, the modified Atkins diet (MAD), and the low
glycemic index treatment (LGIT). Diets are being used
for adults, as new-onset therapy, and in conditions other
than epilepsy. All of these startling developments will be
discussed in this review.

What is the KD?

The KD is a high-fat, adequate protein, low-carbohy-
drate diet that was originally designed to mimic the effects
of fasting, but for extended periods [Table 1]. Calories are
often restricted to 85-90% of the estimated daily require-
ments, and fluids are also slightly reduced.”™ The evidence
for both fluid and calorie restriction is scant, however, and
many centers (including ours) no longer do this. The diet
“prescription” includes a ratio of fat to carbohydrate and
protein combined, with 4:1 being the most common starting
ratio.[! Lower ratios, most typically 3:1 or 2:1, are utilized
for infants, adolescents, and/or patients in whom higher
protein and carbohydrate contents are desired due to either
tolerability or side effects.”! Children are all universally
given a multivitamin, mineral, and calcium supplement.
Now 90 years later, the KD is generally unchanged in its
composition. Foods given often include butter, cream, oils,
mayonnaise, fish, chicken, and steak. The KD can also be
given to infants or children with gastrostomy tubes easily
as a formula preparation, including a 4:1 or 3:1 premixed
powder or liquid (Nutricia KetoCal™).? Other formulas have
also been created in the United States (KetoVolve™), Korea
(Ketonia™), and Japan (Ketonoformula™).

Many investigators have attempted to change the meth-
ods of providing and starting the KD in order to improve
tolerability, therefore making dietary therapy a more attrac-
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Table 1: Comparison of the four major ketogenic diets in
clinical use (1000 kcal/day provided)

Diet Fat (g), % Protein (g), % Carbohydrate
calories calories (g), % calories

Classic long chain
triglyceride

4:1 100 (90%) 17 (7%) 8 (3%)

3:1 96 18 14

2:1 92 20 26

1:1 77 37 40
Medium chain 78 (710%) 25 (10%) 50 (20%)
triglyceride oil diet
Low glycemic index 67% (45%) 40-60* 40-60 (27%)
treatment (28%)
Modified Atkins diet 70% (70%) 60* (25%) 10-20 (5%)

*Values are approximate

tive option for families nervous about how tough it can be.
The KD is traditionally implemented in the hospital by a
trained dietitian with calories advanced slowly after a 24—48
h fasting period. During this fasting period, blood glucose is
checked approximately every 4—6 h and urine ketones daily.
Parents are educated regarding how to weigh and measure
foods during the admission period. Over a 3-day period, the
calories are gradually increased until maximal and then the
child is discharged home with parents.

Many of these traditional aspects of KD initiation
have been challenged in recent years, however. Evidence
from a randomized trial performed in Philadelphia, USA
suggests that the fast may not be necessary, although the
seizure control may occur quicker when children are fasted.
891 As a result of this important study, other investigators
have continued to look at alternative ways to start as well as
maintain the KD. Research has shown that the KD can be
started as an outpatient and with lower ratios, and maintained
without the same level of restrictiveness on calories, fluids,
and protein.™'% Most centers today in United Kingdom no
longer admit children to the hospital to start the diet in fact.
Some centers will start the KD at full calories and gradu-
ally increase the ketogenic ratio (rather than calories) over
a 3-day period.

Once started, a trained pediatric dietitian often adjusts
the KD at periodic, often every 3-month, follow-up clinic
visits in order to optimize growth, nutrition, and efficacy.?
Laboratory studies including complete blood count, com-
prehensive metabolic profile, and fasting lipid panel should
be obtained prior to each clinic visit. An international group
of physicians and dietitians, experts in the KD, published
a consensus statement regarding ideal implementation and
management in 2009 in order to help guide what tests should
be performed in children and how best to administer the
diet.’™ However, this consensus statement has remarkable
flexibility inherent in the protocols, recognizing the myriad
ways in which some international centers have adapted the
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diet for their country and culture. The diet can be success-
fully used for many religions, food allergies, and even for
vegetarian families.

The KD is typically continued for 3—6 months if not
successful and 2 years if it is.’) However, if efficacious and
seizures are still persisting (although reduced), many fami-
lies will wish to continue the KD for much longer, occasion-
ally decades in some situations.!"!’ Similar to anticonvulsant
medications, if a neurologist wishes to discontinue the diet,
it should be done gradually. A recent article by Worden e al,
found that the KD can be successfully discontinued over
several weeks, as opposed to the traditional 6 months, with-
out worsening of seizures in most situations.!'"? This allows
families to move on more rapidly to both regular foods and
perhaps new anticonvulsants when it is time to end the KD.

Proof of efficacy

Hundreds of studies over the past two decades have
shown remarkably similar results. Approximately 50-60%
of children will have at least a >50% seizure reduction,
with one third have >90% response.!'*'3! Over 1 in 10 will
become seizure free. This is remarkable considering how
often intractable their epilepsy may be, and how overall
unlikely anticonvulsants would be to improve their seizures.
Efficacy with the KD does not appear to decrease over the
years, and children can have seizure control many years
later, surprisingly even after the KD has been stopped in
some circumstances.'%!”!

The KD appears to work equally well for any age or
gender.” However, there are some epilepsy syndromes and
situations in which the KD may show better (or worse) ef-
ficacy [Table 2].5' Not long ago, a KD review article would
not mention any epilepsy indications for the KD other than
glucose transporter-1 (GLUT-1) deficiency or pyruvate
dehydrogenase (PDH) deficiency. Children with Lennox—
Gastaut syndrome were the most commonly started on the
KD, despite no specific published evidence of benefit for
that condition.

This situation has changed recently, as evident in
Table 1 of the 2009 consensus statement, which lists indica-
tions for the KD.® These include myoclonic-astatic epilepsy,
tuberous sclerosis complex, Rett syndrome, infantile spasms,
Dravet syndrome, and children receiving only formula. Mi-
tochondrial disorders also appear to do very well with KD
therapy.!'® The data justifying the use of the KD for Dravet
syndrome and myoclonic-astatic epilepsy have grown even
more since the 2009 consensus statement was published.!*2"!

Of all these indications, however, perhaps the fastest
growing and most established is infantile spasms (West
syndrome). Research by Hong and colleagues in 104
consecutive infants demonstrated that 64% would have
>50% spasm reduction using an intent-to-treat analysis.!!
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Table 2: Potential indications and contraindications for
dietary therapy

Probable benefit (at least two publications)

Glucose transporter protein-1 (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

Selected mitochondrial disorders

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

Landau—Kleffner syndrome

Lafora body disease

Combined use with vagus nerve stimulation

Combined use with zonisamide

Children with recently worsened seizures in the past month
Contraindications (*relative)

Pyruvate carboxylase deficiency

Porphyria

Beta-oxidation defects

Primary carnitine deficiency

Inadequate ability to maintain nutrition or comply with the KD

restrictions

Combined use with phenobarbital*

Children with a clear focal lesion potentially resectable*®

Severe gastroesophageal reflux*

Perhaps most remarkably, 37% had at least 6 months of spasm
freedom during treatment. Kang et al, randomized 40 spasm-
free infants treated with the KD to either stop the diet after 8
months or after the more traditional 24 months.?? The risk
of spasm recurrence was equal between groups, and growth
disturbance was higher in the children treated longer, suggest-
ing short KD periods are justified in infantile spasms.? The
KD also appears to be helpful for infantile spasms as a first-
line therapy, which will be discussed later in this review.*!

There have been several new epilepsy conditions with
published evidence suggesting the strong benefit of the
KD, most notably refractory status epilepticus. The epi-
lepsy condition entitled FIRES (fever-induced refractory
epilepsy syndrome), often difficult to control with poor
developmental outcomes, appears to be very susceptible
to the KD."* For patients in status epilepticus, the KD is a
very feasible option and requires primarily switching the
patient’s nasogastric tube formula from standard to keto-
genic, with successful results typically described within
7-10 days [Table 3].1! Other new conditions reported
recently include childhood absence epilepsy and Sturge—
Weber syndrome. 26271

Mechanisms of action

Despite nearly 100 years of use, the mechanism (or



Table 3: Published reports of the ketogenic diet for status
epilepticus

Author (year) Subjects  Age (years) Time to response
Bodenant (2008) 1 54 7 days
Villeneuve (2009) 5 1-10 1-10 days
Kumada (2009) 2 5 5, 10 days
Wasthoff (2010) 2 29, 34 4, 8 days
Nabbout (2010) 9 5-8 4-6 days
Cervenka (2011) 1 49 7 days
Ismail (2011) 1 14 10 days
Nam (2011) 5 4-40 1-19 days

mechanisms) of action of the KD remains somewhat un-
clear.”®! Although previously believed to involve ketosis
(hence the term “ketogenic” diet), many researchers believe
ketosis is not the primary way these diets work but rather
represents a marker of the metabolic shift that occurs with
this treatment.”?® Evidence from the MAD and LGIT also
lend credence to this theory as both treatments have lower
and less stable ketone levels, yet similar efficacy to the KD.
The glycolysis inhibitor 2-deoxy-p-glucose (2DG), which
has been proposed as a possible pharmacologic mimic of the
KD, appears to have a different acute seizure test profile than
the KD, indicating that lowering the serum glucose levels
may not be the primary reason why the KD is effective.!
A lack of effect of serum glucose on efficacy has also been
noted in clinical studies as well.?”

Current research in animals involves calorie restriction,
increased levels of CSF amino acids and neurotransmitters,
potassium ATP channel activation, effects on adenosine,
glucose stabilization, glycolysis inhibition, direct effects
of polyunsaturated fatty acids (PUFAs), and still potential
effects of individual ketone bodies (B-hydroxybutyrate,
acetone, and acetoacetate).?®31321 The KD appears to im-
prove energy metabolism of neurons, probably through
mitochondria and mitochondrial uncoupling proteins.??!
There may be different mechanisms at work for the effect
of the KD on different epilepsy syndromes, and very few of
these theories fully explain the often immediate reduction
in seizures noted during the initial hours of fasting, even
before any actual food is given.**

New ‘“alternative” diets

Despite the much less restrictive way in which the diet
is started and maintained nowadays, there are still many
parents of children with epilepsy who are concerned about
the difficulty in changing their lifestyle to adopt a KD. This
may be especially true in Asia with sharing of foods and rice
in the diet. Some of these patients include busy families with
multiple children, adolescents, adults, and patients who do
not eat fat. For these children, the new “alternative” diets
may be options that can allow dietary treatment to be tried.
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The first alternative diet, the MCT diet, has been used
since the 1970s, and this diet utilizes more of the extremely
ketogenic oil in order to allow for more carbohydrates.” It
is generally equivalent to the classic KD and is used mostly
in United Kingdom and Canada today. The LGIT was first
published by Dr. Elizabeth Thiele and Heidi Pfeifer from
Massachusetts General Hospital in Boston, USA in 2005.5¢!
This diet provides carbohydrates with glycemic indicies <50
(e.g. berries, whole grain, green vegetables) in order to main-
tain stable blood glucose levels.?¢! Although serum ketones
do increase on the LGIT, they are extremely low and not
measurable in urine, and the LGIT is started as an outpatient
without a fast. An update in 2009 from the same group now
includes 76 children, of whom 50% of those remaining on
the diet at 3 months had >50% seizure reduction.™”!

The fourth and final alternative KD, entitled the modi-
fied Atkins diet (MAD), was created and published by the
author Eric Kossoff from Baltimore, USA in 2003.538 The
MAD is also started as an outpatient without a fast, but does
not restrict calories, fluid, or protein.™ Carbohydrates are
restricted to 10 g/day (children) or 20 g/day (adults), and
fats are strongly encouraged in order to maintain ketosis.[*4%
There are now 22 combined publications to our knowledge
about the use of the MAD in children and adults, with 123
(44%) of 280 total subjects having >50% seizure reduction
after 6 months, of which 72 (26%) had >90% improvement.
These results are quite similar to those described in the KD.
One recent publication suggests that using one of the KD
formulas (Nutricia KetoCal™) during the initial month may
in fact boost the efficacy of the MAD by providing addi-
tional fat sources.®!! Other high-fat formulas or even oils
may likely be similarly beneficial. Children can be switched
from the MAD to the KD, with 30% of those switched
having additional seizure improvement, especially if their
underlying condition was myoclonic-astatic epilepsy (Doose
syndrome).*?! We routinely use the MAD for adolescents
and adults at Johns Hopkins Hospital now instead of the KD.

Side effects

Side effects do occur with dietary therapies as these
treatments are neither organic nor designed to be healthy.
However, most of the adverse effects are treatable, espe-
cially hypercholesterolemia (with ratio or fat composition
changes), mineral deficiencies, acidosis, constipation, and
weight loss (with extra calories).>*! An important change
in the mindset of neurologists and dietitians at KD centers
is to now prevent these side effects before they actually oc-
cur. Starting without a fast or using an alternative diet could
potentially help, especially in the short term.™

One way to prevent side effects may be including the
automatic use of supplements such as calcium, carnitine,
selenium, zinc, and Vitamin D.5# A study of oral citrates

BiomedJ Vol. 36 No. 1
January - February 2013



6 Eric H. Kossoff and Huei-Shyong Wang
Ketogenic diets

(Polycitra K™) as an empiric, universal supplement to
children on the KD found a reduction in the incidence of
kidney stones from 6.9% to 0.9% (p = 0.02).13 Continued
work into potentially avoiding side effects before they even
occur will improve the tolerability of dietary therapies,
expanding their use.

Long-term side effects with prolonged use of dietary
therapies can occur with higher prevalence than short-term
ones. These include kidney stones, bone fractures, and
decreased linear growth."®! Should it prove useful and be
necessary in the long term, it may be reasonable to consider
changing these patients to the MAD or LGIT after several
years. Recent data from Patel have also determined that
in children who were on the KD years before (but have
discontinued it), there are no obvious long-term effects on
growth, cholesterol, or cardiac health.!'® Further research
into long-term effects is necessary.

Adults

In the earliest days of the KD, adults were treated
equally to children, with a study from Barborka in 1930
reporting excellent efficacy similar to the pediatric age
group.” However, the KD became perceived as too re-
strictive for adults in the subsequent decades, perhaps due
to an erroneous belief that adults would not be compliant
with a restrictive dietary therapy. With the widespread use
of the MAD, this situation has changed. Research would
suggest that the MAD can be helpful in also approximately
half of the adults and the potential benefits of weight loss
may influence some obese adults to try this treatment.™"
Using dietary treatments may also have value for women
considering pregnancy and those with medication side ef-
fects. Adult epilepsy diet centers have opened in 2010 in
Baltimore and London.

First-line use

As discussed previously in this review, there are several
“indications” for using the KD based on strong evidence
for seizure reduction. For infantile spasms specifically, the
results would suggest that younger children and those with
fewer previously tried anticonvulsants are more likely to
have a >90% response.?"! Therefore, one would have to
consider the use of the KD sooner in the course of epilepsy.
Over the past 5 years, especially at our institution, we have
offered the KD as a formula for parents of children with
infantile spasms as a first-line therapy instead of adrenocor-
ticotropic hormone (ACTH) or vigabatrin, typically when
infants are seen quickly after spasms begin. In 2008, we
reported our results in comparison to ACTH.?*! There was
no statistical difference between the diet and ACTH, and the
spasm recurrence rate was lower with the KD, perhaps as
it could be continued for 6 months (unlike ACTH which is
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typically stopped after 1-2 months).?3! A family has created
a foundation entitled the Carson Harris Foundation based
on their personal experience to help promote the concept of
using the diet first-line for infantile spasms (www.carsonhar-
risfoundation.org).

We suspect that this is the future of the KD, but it
requires faith in the efficacy of the KD on the part of the
neurologist and dietitian, and also willingness to give the diet
for at least 2-3 weeks to work on the part of the parent (or
patient). KD formulas and alternative diets such as the MAD
may improve the ease of using dietary treatments first line
as well. Lastly, dietitians would have to be available on an
almost urgent basis in some situations for this to be feasible.

Non-epilepsy uses

In a manner similar to anticonvulsants, which are used
for migraine and bipolar disorder, the KD is being exam-
ined for neurologic conditions other than just epilepsy.**!
It seems that nearly all possible neurologic conditions have
been reported in the past decade in either animal studies or
limited human trials, including autism, hypoxic-ischemic
encephalopathy, amyotrophic lateral sclerosis, and traumatic
brain injury.*¥! The three conditions that have been studied
the most are brain tumors, Alzheimer disease, and migraine.
These will be discussed in more detail.

Brain tumors have been investigated in mice, with re-
sults showing benefit theorized to be primarily due to calorie
restriction rather than ketosis or any other mechanism of
action.”! A prospective trial in Germany of a low-carbohy-
drate diet (70 g of carbohydrate per day) for 16 adults with
advanced metastatic cancer has been recently published.”
Five appeared to have some stability of their disease and
improvement in quality of life, suggesting further study is
warranted.” Alzheimer disease was also first studied in
mice with some reduction in amyloid beta proteins 40 and
42 leading to the marketing of an MCT powder supplement
entitled “Axona” which is available for sale in the United
States today.’!*? Lastly, migraine had been studied in the
1930s only, so our center decided to also investigate KD for
this condition today. As anticonvulsants such as topiramate
and valproate can be helpful for migraine prophylaxis, we
studied eight adolescents with chronic daily headaches us-
ing the MAD.5¥ Unfortunately, the trial was unsuccessful
with low efficacy, poor recruitment, and the study was ended
prematurely.”¥ It may be helpful perhaps for adults with less
frequent or severe headaches according to a recent published
commentary from Italy, but in this population it was not.[>4
Regardless, it is likely that for different neurologic condi-
tions the KD may have differing mechanisms of action.!

Use in Asia?

A potentially very promising region of the world for



which dietary therapies may be very advantageous is Asia.
Large populations, occasional unavailability of certain
anticonvulsants (or surgery), and a strong interest in us-
ing dietary manipulation rather than traditional medicine
by patients create a hospitable climate for consideration
of this therapy. Already today, the KD is well established
with publications from centers in Taiwan, Korea, India, and
Japan‘[6,15,56,57j

One key to further advancement of the use of dietary
treatments throughout Asia may involve using the MAD."®
Several advantages include limited need for dietitian in-
volvement, greater flexibility for carbohydrates such as
rice, increased ability to share foods at the table with family
members, and improved palatability. Computer programs
such as KetoCalculator (www.ketocalculator.com) are
also accessible in Asia and allow for greater food recipes
and variety. Based on work from rural Honduras, in which
dietitian support is not available but the MAD was success-
fully implemented, Ms. Jeanne Riether, a parent advocate
in Heilongjiang, China, is helping stimulate the use of the
MAD at Harbin Children’s Hospital and throughout China.
1591 Her website (www.healingyounghearts.org/wordpress)
includes information about dietary therapies for China.

Conclusions

The use of KD for epilepsy continues to grow in
popularity worldwide. Recent attempts to make the diet
more palatable, easier to start, and safer to maintain have
expanded its use. No longer are dietary treatments used only
as a last resort and solely for children. Basic scientists and
neurologists are becoming interested in dietary therapies as
well for conditions other than epilepsy. Dietary treatment
will continue to grow and expand in usage throughout Asia
and Taiwan.
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