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NUTRICIA.
A LITTLE EASIER

KETOGENIC THERAPY FOR ADULTS WITH
DRUG RESISTANT EPILEPSY: TIME IT WAS ON

THE MENU FOR ADULTS

Despite the best efforts of modern anticonvulsant medicines and the
availability of novel approaches, such as vagal nerve stimulation and
epilepsy surgery, around 30 percent of children and adults are refractory
to treatment, enduring a life of poor seizure control and impaired quality of
life. The ketogenic diet (KD) has been used in the dietary management of
epilepsy since the 1920s, pre-dating most anticonvulsant drugs.

It evolved from the knowledge that
extended fasting readily led to a sig-
nificant seizure improvement and that
this effect could be replicated by alter-
ing the macronutrient profile of the
diet, triggering a metabolic shift away
from carbohydrate to fat as the pre-
dominant dietary energy source.

It was not until 2008 that the first
randomised controlled trial (RCT) of
KDs in children was published by a
pioneering team from Great Ormond
Street Hospital, proving efficacy
equivalent to modern anticonvul-
sant drugs and endorsing the use by
specialist paediatric teams across the
world (1).

The first and largest ever study of
KDs in adults (n=81) was published
in America in 1930 (2), but despite
positive results (over half achieved
a 50 percent or greater reduction in
seizures) and further small trials
over the decades, they continue to be

rarely used within the adult epilepsy
world.

A recent meta-analysis of 12 relevant
adult trials (270 adults) reported efficacy
in 42 percent of cases, suggesting parity
with paediatric trials (3). Almost half of
these studies used a modified Atkins
diet (MAD); a more liberal approach
first used in children in 2003 (4), making
dietary management a more practical
possibility for adults and children alike.

A UK adult trial is in the early plan-
ning stages and results from a Norwe-
gian RCT started in 2011 are eagerly
awaited (5).

HOW DOES A KETOGENIC DIET WORK?
(See Figure 1 overleaf). Carbohydrate
reduction, the cornerstone of ketogenic
diets, reduces glucose availability and
the stimulus for insulin secretion. This
triggers an increase in the rate of fatty
acid oxidation in the liver and the
release of ketones into the circulation.
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Figure 1: Ketone production by liver during fasting
conditions (Ketosis)
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Brain tissue rapidly adapts to this altered
state, using ketones as the primary fuel to drive
energy metabolism. The exact mechanisms by
which a ketogenic diet exerts its anticonvulsant
effect are likely varied and as yet unconfirmed,
but it is thought that it enhances brain energy re-
serves, stabilising neuronal tissue and influences
the balance of neurotransmitters and a range of
compounds involved in exciting and inhibiting
electrical activity within brain tissue (6).

WHAT CHANGES CAN IT DELIVER?
Ketogenic therapy can deliver a significant reduc-
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tion in seizure frequency, intensity and reduce
the time needed to recover from seizures. Adult
responders often report more subjective changes,
such as being able to think more clearly, concen-
trate better, have more energy and feel generally
brighter in mood (7). Overweight individuals suc-
cessfully lose weight, reporting positive changes
in body shape; particularly waist circumference.
These changes readily occur within the first three
months of KD therapy, despite there being no
change in the anticonvulsant doses. Considering
that those referred into ketogenic therapy may
have failed for decades to gain adequate seizure
symptom control from all available medications,
you may appreciate how exciting it is to the pa-
tient, the carers and the ketogenic team, when it
delivers a life-changing response.

THE DIET PRESCRIPTION

All ketogenic regimes are designed around the nu-

tritional requirements of the individual and are low

in carbohydrate, high in fat and provide adequate
protein. Traditional ketogenic approaches require
weighing of all food items so that ratios (the Clas-
sical KD) or percentages (the Medium Chain Trig-
lyceride KD) of fat protein and carbohydrate are
maintained consistently in all meals and snacks.

However, for the majority of UK adults, we use a

more liberal modified ketogenic approach based

on the Modified Atkins Diet (MAD) devised by the

team at Johns Hopkins Hospital (8).

The basic essentials of a Modified Ketogenic
Diet used at Matthew’s Friends Clinics are as
follows:

e Carbohydrate is restricted to 5.0-10g per
meal and 2.0-3.0g in snacks (a total of 20-30g
per day) and is always accompanied by fat.
A1.0g carbohydrate exchange system is used
and foods are weighed on gram scales. Typi-
cal carbohydrate sources are non-starchy
vegetables, fruits (mainly berries), nuts,
seeds and double cream.

e Fat must always be consumed alongside any
carbohydrate containing food. Portion guid-

-
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A COMPLETE PRODUCT PORTFOLIO - NO MATTER WHICH
KETOGENIC DIET YOU USE, NUTRICIA HAS A SUITABLE
PRODUCT RANGE

v Improving seizure control on the ketogenic diet'??

J Quicker and easier preparation of ketogenic meals: as a drink,
in meals or as a tube feed’

 Great tasting products in a variety of presentations to help aid
compliance'

SUPPORTING THE ADVANCEMENT OF EVIDENCE BASED
CLINICAL PRACTICE IN KETOGENICS FOR OVER A DECADE

J Continued investment in research
v On-going support to patient organisations
l Cookery classes, education and resources for your patients
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What does a ketogenic meal look like?
Three meals providing 6gCHO & 60g Fat:

1 Coconut & raspberry porridge

bread mix

2 Watercress soup, Sukrin bread and cheese.

3 Pan fried salmon,
kale and mushrooms plus
raspberries and double
cream
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ance is based on a 10g exchange system and
designed to meet individual calorie require-
ments. For example a 2,000kcal regime will
likely require a minimum of 170g fat. Typical
fat sources are olive oil, butter, double cream
and mayonnaise, with supplementary amounts
provided from dietary protein sources.

e Protein is consumed with each meal and in
normal portions (a therapeutic ketogenic
diet is not a high protein diet). Typical pro-
tein sources are eggs, poultry, red meat, fish,
cheese, nuts and seeds.

Enteral feeds are normally based on the Clas-
sical KD, with ketogenic ratios for adults (perhaps
2:1 to 3:1) generally lower than those used in chil-
dren, due to larger protein requirements. As there
are no commercially available adult KD formulae,
feeds tend to be based around the paediatric prod-
uct Ketocal (Nutricia), available in liquid or pow-
dered form and designed for children aged one to
10 years. It always requires adjustment with addi-
tional protein, carbohydrate, vitamins and miner-
als when used for adults. See Figure 2 for dietary
management criteria and management stages.

CURRENT BARRIERS TO ADULT TREATMENT
Adults seeking advice from their neurology
teams are readily told that ketogenic therapy is
too complex, unpleasant, unhealthy and only
effective in children. This is due to a lack of
knowledge and experience in the practicalities
of modern day ketogenic therapy within the
adult neurology and dietetic sector and the lack
of RCT evidence to enable NHS service develop-
ments for adults.

The high fat intake required by KDs raises
concerns in uninitiated healthcare profession-
als and patients alike. All dietary management
protocols involve elements of energy prescrip-
tion to deliver precise control of body weight
and the full lipid profile is measured at base-
line, then three to six monthly onwards as
part of the biochemical monitoring. The KD
prescription is adjusted as often as required to
optimise outcomes and, where necessary, steps
can be taken to influence lipid fractions by al-
tering dietary fat sources. A study in adults on
a MAD KD for three months or longer, report-
ed that the increased levels of total cholesterol »
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Figure 2: Dietary management criteria and management stages

Criteria for ketogenic therapy in adults

The adult will have failed to respond to at least two anticonvulsant medications and be keen to explore the
KD.

Medical contraindications (biochemical screening is essential):

* Fatty acid oxidation defects, organic acidurias, pyruvate carboxylase deficiency, any disorders requir-
ing a high carbohydrate diet.

* Ahistory of familial hyperlipidaemia, renal stones or eating disorders.

* Pregnancy or planning pregnancy.

* Proceed with caution and optimise management before initiating KD therapy: dysphagia, gastro-
oesophageal reflux, chronic constipation or diabetes.

Summary of management stages

Pre-KD diet assessment appointment; neurologist and dietitian

* Review of epilepsy history, medical management and all relevant tests including biochemical screen-
ing.

* Discussion of the practical issues (the food, importance of monitoring), possible negative side effects
(mainly lethargy during initial week of transition and constipation. Increased risk of renal stones and
osteoporosis long term) and possible outcomes.

* Timing of the dietary intervention to enable commitment to three months with no planned interruptions.

KD management education session; dietitian and ketogenic diet assistant

* KD prescription based on BMI, activity levels, estimated energy requirements and whether weight
maintenance or loss are desired.

e Guidance on sources of protein CHO and fat.

e Practical menu guidance based on food preferences and lifestyle.

e Guidance on monitoring: blood ketone (1.0-5.0mmol/l) and glucose testing or urine ketone testing as
appropriate, seizure, symptom and weight monitoring.

¢ Guidance on vitamin and mineral supplementation; in most cases, a one-a-day adult multivitamin and
mineral, plus additional calcium and vitamin D.

Follow up; dietitian and ketogenic diet assistant

* Regular contact by phone/email; generally once or twice a week until a level of stability is reached.
* Adjust diet prescription as required, based on seizure symptoms, weight and blood or urine ketones.

Three-month follow up; neurologist and dietitian

* Repeat blood biochemistry.

* If no change in seizure pattern or any related parameters (energy levels, alertness, clarity of mind,
seizure recovery time etc), consider weaning back towards mainstream low GL diet.

¢ If proving beneficial, continue treatment and review in a further three months and thereafter six
monthly.

At two years, discuss the possibility of weaning back towards a more mainstream low GL diet regime. How-
ever, if it is working well for them, adults are reluctant to make significant changes.

and LDL found in the first three months, nor-
malised within 12 months.

No cardiovascular or cerebrovascular in-
cidents were reported in 12 adults followed
for three or more years (9). Over recent years,
there has been increasing interest in the po-
tential value of low carbohydrate regimes in
the management of obesity, Type 2 diabetes
and metabolic syndrome, in terms of weight

loss, increased serum high density lipoprotein
cholesterol, increased low density lipoprotein
particle size, reduced serum triglyceride levels
and improved sensitivity to insulin (10, 11). It
is possible that the flatter glucose/insulin pro-
files and the metabolic shift from fat storage
towards fat oxidation induced by the KD may
convey additional metabolic benefits to some
adults with refractory epilepsy.

Copyright © 2015 NH Publishing Ltd - All rights reserved. Available for printing and sharing for the use of CPD activities for personal use.
Not for reproduction for publishing purposes without written permission from NH Publishing Ltd.



NHD eArticle WITH CPD

Volume 5.12 - August 27th 2015

“Within a few weeks of starting the ketogenic diet, the

intensity and frequency of my seizures decreased . . .”

In 30 years of clinical practice, I haven’t en-
countered a more powerful and life transform-
ing therapy than that involving ketogenic man-
agement. Frustratingly, we are still unclear about
the mechanisms of action and have no way of
predicting who will respond and who will not.
With the current limitations on the provision of
ketogenic services, this knowledge would be im-
mensely helpful. However, the potential of keto-
genic diets to bring hope and a sense of control
to individuals who have neither, is a powerful
driver to those patients and clinical specialists in

pursuit of increased availability of this century-old
therapy that modern medicine cannot yet find a
way to replace.

In the UK, ketogenic therapy for adults with
epilepsy is provided through Matthew’s Friends
Clinics (www.mfclinics.com), the adult metabolic
team at the National Hospital for Neurology &
Neurosurgery in London and a neuropsychiatry
team at The Barberry in Birmingham, with some
single case provision in other centres.

For further information on ketogenic therapy
including adult protocols, please see reference 12.

Case study

Andy, aged 50, has seizures as a result of a
brain tumour.

He has been using a modified KD for three and
a half years.

“I have tried a variety of different anticonvulsant
drugs with varying degrees of success and failure.
Some of the drugs have me made me short tempered;
some of them have made me fixate on small, insignifi-
cant issues, others have just not controlled the sei-
zures enough and I have wound up back in hospital.
And all of them give me fatique and I find this the
hardest to deal with.

References:

“Within a few weeks of starting the ketogenic diet,
the intensity and frequency of my seizures decreased and,
with the guidance of my neurologist, I was able to gradu-
ally taper my Clobazam dose and withdraw it completely
eight months after commencing ketogenic therapy. This
has resulted in a significant improvement in my concen-
tration and overall energy levels with no worsening of the
seizures. It has given me a huge chunk of my life back.”

See Andy’s short film at:
http:/ /site.matthewsfriends.org/index.php?
page=andy-wild

1. Neal EG, Chaffe HM, Schwartz RH, Lawson M, Edwards N, Fitzsimmons G, Whitney A, Cross JH. The ketogenic diet in the treatment of epilepsy in

children: a randomised, controlled trial. Lancet Neurology 2008; 7: 500-506

2. Barborka CJ. Epilepsy in adults: results of treatment by ketogenic diet in one hundred cases. Arch Neurol Psychiatry 1930; 23:904-14
3. Fang Y, Xiao-Jai L, Wan-Lin J, Hong-Bin S, Jie L. Efficacy of and patient compliance with a ketogenic diet in adults with intractable epilepsy: A meta-

analysis. J Clin Neurol 2015; 11(1): 26-31

4. Kossoff EH, Krauss GL, McGrogan JR, Freeman JM. Efficacy of the Atkins Diet as therapy for intractable epilepsy. Neurology 2003; 61: 1789-1791
5. Modified Atkins Diet treatment for adults with drug-resistant epilepsy. Oslo University Hospital. ClinicalTrials.gov Identifier: NCT01311440
6. Hartman AL, Stafstrom CE. Harnessing the power of metabolism for seizure prevention: Focus on dietary treatments. Epilepsy & Behaviour 2013;

26(3): 266-272

7. Schoeler NE, Wood S, Aldridge, Sander JW, Cross JH, Sisodiya SM. Ketogenic diet therapies for adults with epilepsy: Feasibility and classification of

response. Epilepsy & Behaviour 2014; 37: 77-81

8. Kossoff EH, Rowley H, Sinha SR, Vining EP. A prospective study of the modified Atkins diet for intractable epilepsy in adults. Epilepsia 2008; 49: 316-9
9. Cervenka MC, Patton K, Eloyan A, Henry B, Kossoff EH. The impact of the modified Atkins diet on Lipid profiles in adults with epilepsy. Nutritional

Neuroscience 2014. Information from author ahead of publication

10.Paoli A, Rubini A, Volek JS, Grimaldi KA. Beyond weight loss: A review of the therapeutic uses of very low carbohydrate (ketogenic) diets. European

Journal of Clinical Nutrition 2013; 67: 789-796

11.Vol BM, Kunces LJ, Freidenreich DJ, Kupchak BR et al. Effects of step-wise increases in dietary carbohydrate on circulating saturated fatty acids and
palmitoleic acid in adults with metabolic syndrome. PLoS ONE 2014; 9(11): e113605
12. Wood S. Dietary treatment of epilepsy in adults. In: Neal EG, Editor. Dietary Treatment of Epilepsy; practical implementation of ketogenic therapy.

Oxford: Wiley-Blackwell; 2012: 189-197

Copyright © 2015 NH Publishing Ltd - All rights reserved. Available for printing and sharing for the use of CPD activities for personal use.
Not for reproduction for publishing purposes without written permission from NH Publishing Ltd.



eArticle with CPD

THE DIETITIANS’ MAGAZINE Volume 5.12 - August 27th 2015
Questio elating to: Ketoge erapy 1or aa epllep
pe your a ers below and then p or YO ecords or print and complete a ers by hand

Q.1 | Explain how the ketogenic diet (KD) works.

Q.2 | What was the first ever study into KDs and what were the results?

Q.3 | Explain why the KD is now endorsed by specialist paediatric teams worldwide.

Q.4 | What positive changes can the KD have in patients with drug resistant epilepsy?

Q.5 | Describe the difference between a traditional ketogenic approach and today’s modified approach.

Q.6 | What are the basic essentials of a modified ketogenic diet?

Q.7 | What are the medical contraindications for KD therapy in epilepsy patients?

Q.8 | Describe what would be included in a pre-KD assessment and within the KD therapy education session.

Q.9 | Outline some of the concerns raised around KD therapy.

Q.10 | What parameters would be reviewed three months after the patient had commenced the KD?

Please type additional notes here . . .
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