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Note to readers
The therapeutic diets that are described in this book require specialist medical and dietetic supervision, and their success is dependent on a multidisciplinary approach to the patient’s care. Dietary treatments must be individually prescribed and should not be initiated without the support of a dietitian and a neurologist or doctor with a special interest in epilepsy. Patients, parents or carers should not make any changes to their diet treatment without consulting an appropriate member of their diet team.



Foreword
It gives me great pleasure to write a foreword for Dietary Treatment of Epilepsy: Practical Implementation of Ketogenic Therapy. This is a comprehensive book which includes much more than its title may suggest. The book fulfils two functions: it gives extensive and current evidence for the efficacy of the ketogenic regimen and also provides the know-how for healthcare professionals to safely implement and manage the diet. There is an impressive list of international contributors who are expert in their fields and the whole has been skilfully assembled by the editor so that it has a uniform style, a logical progression and is easy to read.
The book is divided into three sections. Section 1 reviews the science behind ketogenic therapies. The ketogenic diet has been slow to be accepted by healthcare professionals, particularly in the modern era of “miracle” and “celebrity” diets. Although it is not known exactly how the ketogenic diet works, the biochemistry of several possible mechanisms is explained, referring the reader to more detailed texts where appropriate. Sufficient evidence on the efficacy of diets is presented from renowned peer reviewed literature to satisfy and convince even the most sceptical.
The second section is perhaps the heart of the book as it covers in detail the practical aspects of ketogenic regimens. Every aspect of initiation, monitoring, nutritional adequacy, problems and discontinuation of the different diets is dealt with. A unique and insightful chapter is written by a parent; this should be essential reading for all who deal with children with epilepsy.
Section 3 extends the scope of the book by reviewing the use of ketogenic regimens in countries other than western economies; since 80% of people with epilepsy live in low or middle income countries this is relevant to a wide audience. The section continues by discussing the use of ketogenic diets in infants, in adults and in conditions other than epilepsy.
This book is not only for experienced dietitians (who will certainly learn from the wealth of experience of the contributors) but for other healthcare professionals including doctors, nurses, pharmacists, biochemists and anyone involved in the care of adults and children in the hospital or in the community. I am sure that this is the first of many editions of this book and that Dietary Treatment of Epilepsy will be the reference book on the subject for the foreseeable future.
Margaret Lawson MSc, PhD, FBDA
Senior Research Fellow, Institute of Child Health,
University College London.
A personal note
It’s impossible to put into words what it feels like when you first witness your baby having a seizure – quite simply you think they are going to die. On that fateful evening I remember holding Matthew praying that he wouldn’t be taken away from me as I waited for the ambulance to arrive. Little did I know that my life had just changed forever and although Matthew obviously didn’t die, everything for his ‘normal’ future just had. My realization of that fact was going to be a long, painful and drawn-out process, as year by year I was going to witness Matthew have thousands upon thousands of seizures and more of my boy being taken away from me. It got to the stage where, once again, I would be holding him waiting for the ambulance to arrive, only this time I would be praying that he would die as I couldn’t bear to watch his little body go through any more or listen to his screams as yet another seizure took hold of him.
I never knew about complex epilepsy. Like most of the population, I thought people with epilepsy just took medication and then they didn’t have seizures any more. How naive of me. I was giving Matthew medication after medication and nothing was working. The doctor would come out with the following favourite phrases: ‘just put the dose up further’, ‘we will add in another one’ and ‘we will get the right one eventually’ – the ‘right’ medication never did turn up and every time hopes were raised and dashed and Matthew’s personality had changed. His behaviour became very difficult to manage, and depending on the type of medication he was taking, at times violent and sleep-disturbed. Some of the drug ‘treatments’ even made the seizures worse, so you start looking for answers yourself and that is when I found the ketogenic diet.
The ketogenic diet offers something else; it offers another hope and sometimes a little hope is all we have left. When I first enquired about the ketogenic diet I was told that it was ‘rubbish’, that it ‘didn’t work’ and that it was ‘unpalatable and disgusting’. I believed the doctor that told me this and I rue the day that I did. Six years of asking for the diet and being refused it, until eventually when there was nothing left to try, Matthew was allowed to go on the ketogenic diet, thanks to the clinical trial that was being held at UCL-Institute of Child Health and Great Ormond Street Hospital. Within 2 weeks Matthew’s seizures had reduced by 90%, he was bright, happy and relaxed and just a totally different boy; within 8 months of starting the diet he was off all medication and I got what was left of my son back. As for the diet, it wasn’t disgusting, it wasn’t difficult and it wasn’t unpalatable. I did have to be organized and it did take up a little extra time, but once I got used to it and got myself into a routine we were away. It felt so good to be doing something positive in the treatment of Matthew instead of just giving him pills that made him worse. Matthew was enjoying his food as he had always done and our family life as a whole was completely different. We actually had a life and I had the chance to enjoy time with my daughter Alice.
Matthew’s story is now quite well known in the ketogenic world thanks to the charity I set up in his honour. I knew that other people would be going through the same heartache that I had been through and I wanted to make sure that the correct information was available for families as well as support for them, hence Matthew’s Friends was born. No one wanted to be his friend when he was younger, his epilepsy was just too frightening, but today he has friends all over the world.
To see the diet now growing in popularity, to see more children benefiting and now adults too, I am delighted to be writing for this book which will hopefully help other medical professionals to work with these diets, so giving patients a better chance at a good quality of life. For some of them it will provide the ­ultimate miracle of complete seizure freedom for the rest of their lives. These diets should not be the last resort.
Even today I attend seminars where I hear professionals say that ketogenic dietary therapy is difficult to do and requires a ‘complete lifestyle change for the family’. Although I hasten to add this is not true, it always makes me smile because what they need to realize is that we have already been through the ­biggest lifestyle change you could ever imagine by living with uncontrolled complex epilepsy and all the struggles that entails. Changing a diet around is nothing compared to that. My lifestyle completely changed after that first seizure. We need to remind the families of just how far they have come and encourage them, not frighten them.
2012 now sees Matthew enter his 18th year and we are looking forward to celebrating a birthday that we never thought he would make. Matthew has been off the diet for nearly 5 years and the good effects are still with us. Matthew is a bright, happy and totally chilled-out young man with a great quality of life. He and his sister have an exceptional relationship and they are both my proudest achievement. When Matthew smiles at me every morning then I know everything is right in my world.
I could not finish this without thanking Professor Helen Cross, Dr Elizabeth Neal and Hannah Chaffe, the team at Great Ormond Street that looked after Matthew and I through his ketogenic diet treatment. A special word has to go to Matthew’s dietitian, Elizabeth Neal; her kindness, understanding and support was incredible and we all worked together to make Matthew as well as he could be. I can never thank her enough and neither can Matthew. Thank you also to all the professionals that work or want to work in this field. We cannot do it without you and by choosing to work in ketogenic dietary therapy you are going to be making a huge difference to families that have already had hopes dashed and probably already been to hell and back. My promise to you is that the Matthew’s Friends charity will continue to support you and the families as much as we can.
Emma Williams
Founder/CEO Matthew’s Friends Global Charity,
Director Matthew’s Friends Clinics
Emma, Alice (aged 15) and Matthew (aged 17)
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Section 1
Introduction and Overview
Chapter 1
Introduction to the ketogenic diet and other dietary treatments
Elizabeth Neal
Matthew’s Friends Charity and Clinics, Lingfield, UK
Historical overview
The idea that inclusion or abstinence from certain foods could have benefits for those with seizures has origins that far precede our current era of scientific research. A dietary approach to the treatment of epilepsy can be traced back to the 5th century BC, when Hippocrates described a man whose seizures were cured by abstaining from all food and drink. Guelpa and Marie (1911) are accredited with writing the first scientific account of the benefits of fasting in epilepsy. In 1921 Geyelin also reported the successful use of fasting, with 20 of 26 fasted patients showing improved seizure control, two remaining seizure-free for over a year. The arbitrary length of fasting was 20 days, although only four had seizures after the tenth day without food (Geyelin, 1921). Geyelin was inspired by the work of Conklin, an osteopath who believed that epilepsy was caused by the release of a toxin from the Peyer’s patches of the intestine which was taken up by the lymphatic system and periodically released into the blood, triggering ­seizures. Conklin therefore advocated complete gut rest and starved his patients for up to 25 days. He reported a 90 % success rate in children under the age of 10 years, decreasing to 50 % in those aged 25–40 years; success was more limited in the older adults (Conklin, 1922). These observations sparked considerable clinical and research interest, and linked with ongoing studies examining ketoacidosis and the disturbance in glucose metabolism that occurs in diabetes.
During starvation, the body passes through various phases of metabolic ­adaptation to spare muscle protein breakdown and draw on the energy reserves of body fat. Skeletal muscle and other tissues progressively switch energy source from glucose to free fatty acids generated from triglyceride breakdown. There is increased oxidation of fatty acids in the liver, with increased production of the water-soluble ketone bodies acetoacetate and β-hydroxybutyrate. Ketone bodies can be used as an alternative fuel by many tissues, most notably the brain, as unlike fatty acids they are able to pass across the blood–brain barrier. Blood ketone-body levels will continue to increase during the first 3 weeks of starvation during which the brain adapts to them as its primary energy source. (See Chapter 5 for further detail on biochemical changes and their connection with our current understanding of how dietary treatments may work.)
Prolonged starvation as a means to treat epilepsy had obvious practical limitations, and it was first suggested by Wilder (1921a) that a diet very high in fat and low in carbohydrate might mimic the benefits of fasting by causing a similar ketotic effect. He tried this proposed ‘ketogenic diet’ (KD) on three of his patients at the Mayo Clinic and reported significant seizure control (Wilder, 1921b). Peterman, a fellow worker at the clinic, reported further successful results in children treated with this KD (Peterman, 1924). Talbot and his co-workers ­introduced the idea of a preliminary fast before commencing the diet, with a gradual build-up of dietary fat over the following few days. His clear instructions on how to calculate the diet form the basis of the classical KD calculations used widely today (Talbot et al., 1927; Talbot, 1930; see Chapter 8).
Other early studies also reported the wide use and success of the KD (Helmholz, 1927; McQuarrie and Keith, 1927; Lennox, 1928; Wilkins, 1937). The discovery of new anticonvulsant drugs at the end of the 1930s distracted clinical and research interest from diet and towards medications, the latter perceived to be both simpler and more palatable to use. Increasing realization that not all seizures respond to drugs and concerns about medication side effects and the ­possible ramifications of prolonged intractable seizures, especially in the context of childhood development, have renewed interest in dietary treatments. The past few decades have seen a steady proliferation of published research, accompanied by a broadening of clinical application extending beyond the traditional classical form of KD. While this is still used extensively today, alternative types of KD therapy have allowed a more flexible approach to dietary treatments for epilepsy.
The classical and medium-chain triglyceride KD
Early studies in children by Wilder, Peterman and Talbot used a diet of 1 g ­protein per kilogram body weight, with 10–15 g carbohydrate daily, the remaining energy supply being from fat. Fat was primarily animal based, in the form of butter, lard and cream. The term ‘ketogenic ratio’ was used to describe the ratio of ketone-producing foods in the diet (fat) to foods that reduced ketone production (carbohydrate and protein). Seizure control was found to be optimal with a ratio of 3 or more. This led to the terminology of a 3 : 1 KD (87 % of total dietary energy derived from fat) or 4 : 1 KD (90 % of total dietary energy derived from fat). This is the basis of the classical KD used today. Carbohydrate intake is very limited: bread, cereals, pasta or rice are generally not allowed, the main carbohydrate sources being controlled portions of vegetables or fruit at each meal. Protein is kept to a minimum to meet requirements: a source can be included at each meal, such as meat, fish, egg or cheese, but protein foods that contain additional sources of carbohydrate are generally avoided. The macronutrient composition of this type of diet is substantially different from an average UK diet (Figure 1.1).
Figure 1.1 The composition of ketogenic diet treatments: approximate percentages of dietary energy from fat, protein and carbohydrate. (a) Recommended UK diet; (b) classical 4 : 1 ratio ketogenic diet; (c) MCT ketogenic diet; (d) modified Atkins diet (at 1 : 1 ketogenic ratio); (e) low glycaemic index treatment.
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A modification of the classical KD was proposed in 1971, using medium-chain triglyceride (MCT) as an alternative fat source (Huttenlocher et al., 1971). The main constituents of MCT are the medium-chain octanoic and decanoic fatty acids, which are absorbed more efficiently than their long-chain counterparts, and which are carried to the liver in portal blood bound to albumin. This is in contrast to long-chain fatty acids, which are incorporated into chylomicrons and transported via the thoracic duct through the lymph system, exiting into the circulation at the left subclavian vein from where they are carried via ­peripheral tissues to the liver. After hepatic tissue uptake, medium-chain fatty acids can pass directly into liver mitochondria for subsequent oxidation and ketone body synthesis. Long-chain fatty acids require carnitine for their transport across this mitochondrial membrane. These differences in MCT metabolism facilitate a more rapid and greater oxidation of medium-chain fatty acids, resulting in a higher ketone yield per kilocalorie of dietary energy than that from long-chain fat. Therefore less total fat is needed in the diet to achieve the desired level of ketosis. More protein and carbohydrate can be allowed with the aim of improving palatability and patient acceptance.
Huttenlocher went on to show that a KD providing 60 % of total dietary energy from MCT was as effective as a 3 : 1 classical diet in producing ketosis and ­controlling seizures in 12 children with epilepsy (Huttenlocher, 1976). This amount of ingested MCT, particularly if introduced too quickly, can cause ­gastrointestinal side effects, primarily diarrhoea and abdominal discomfort. Although these can be ameliorated with dietary adjustment, in some individuals a more moderate prescription may be appropriate. Schwartz and her colleagues suggested a modified MCT diet, providing 30 % of dietary energy from MCT and an extra 30 % from long-chain fats such as butter or cream; this has been termed the John Radcliffe diet. They also reported no difference between the classical, MCT and modified MCT KDs in controlling seizures in a non-randomized study (Schwartz et al., 1989). A more recent randomized trial by our group also showed neither the classical nor MCT KD to be superior when assessing efficacy or ­tolerability after 3, 6 or 12 months of treatment (Neal et al., 2009). Further details on the classical and MCT KD can be found in Chapters 8 and 9.
Alternative KD therapies
In the last decade two other types of KD therapy have been used with success. The modified Atkins diet (MAD) was first used in 2002 for two children at the Johns Hopkins Hospital in Baltimore, USA. One child was waiting for a scheduled admission to start the classical KD; another had discontinued classical KD a year before. Seizures were successfully controlled with the MAD in both cases (Kossoff et al., 2003). This diet restricts carbohydrates, encourages high-fat foods, but does not limit or measure protein or total calories. The principles are based on the popular weight loss diet first described by Dr Robert C. Atkins in 1972 (Atkins, 1972), with the primary outcome goal of weight loss replaced by one of seizure control. Carbohydrate is usually restricted to 10–20 g per day and review of dietary records shows that the approximate ratio of fat to carbohydrate and protein is 1 : 1 compared with 3 : 1 or 4 : 1 with the classical KD. There is a growing body of scientific publications reporting successful use of the MAD.
An alternative diet, the low glycaemic index treatment (LGIT), was first described in 2005 (Pfeifer and Thiele, 2005). This diet restricts carbohydrates to 40–60 g per day but only allows those with a glycaemic index of less than 50, the aim being to minimize increases in blood glucose. Food is not weighed but based on portion sizes. Protein, fat and calorie intake is loosely monitored, albeit ­considerably less strictly than on traditional KDs. Unlike the MAD, a high-fat intake is not actively encouraged.
Figure 1.1 illustrates the differences in dietary composition of these alternative dietary treatments as compared with traditional KDs. Because of the flexible nature of the MAD and LGIT, the percentages of energy from the different macronutrients may vary between individual diets; the figures chosen give the reader some idea of how an average diet might look. Further details on the MAD and LGIT can be found in Chapters 10 and 11.
Other non-KD treatments
There have been suggestions that food intolerance could be linked to epilepsy in the literature, although these are mostly anecdotal and uncontrolled reports. A 1968 review of 26 studies examining a relationship between epilepsy and ­allergies concluded that pollen, dust and moulds were the main culprits (Fein and Kamin, 1968). In a study examining the role of oligoantigenic diets in 63 children with epilepsy, 45 of whom had associated headaches, abdominal symptoms or hyperkinetic behaviour, 37 had improved seizures on an elimination diet (Egger et al., 1989). However, the 18 children with epilepsy alone showed no improvement. A further study of the same elimination diet failed to demonstrate any benefit in nine children with epilepsy (Van Someren et al., 1990). Although it is possible that allergic reactions could trigger seizures in susceptible patients, the present evidence does not support the use of elimination diets in epilepsy treatment and further detail on this type of dietary therapy is not included in this book.
Application and availability of KD therapy
The classical and MCT KDs are primarily used in children, although studies have demonstrated benefit in infants (Nordli et al., 2001; Hong et al., 2010), adolescents (Mady et al., 2003) and adults (Sirven et al., 1999); the MAD has also been demonstrated effective in treating adults (Kossoff et al., 2008a). The flexible protocols employed in both the MAD and LGIT are clearly useful for adolescents and adults with epilepsy who may prefer a less rigid dietary treatment, but they can also be used with success as an alternative for children. Although most of this book will refer to children, a separate chapter on adults is also included. As well as being successfully used to treat epilepsy in all age groups, the KD is an important treatment for two metabolic disorders, glucose transporter (GLUT)-1 deficiency and pyruvate dehydrogenase deficiency (see Chapter 27).
Worldwide use of the KD has increased dramatically since the early 1990s. Although the greatest number of centres offering this treatment are in the USA, a survey reported KD programmes in 41 other countries, 16 of which had ­multiple centres (Kossoff and McGrogan, 2005). Most geographic regions were represented, with the exception of the majority of Africa and Central America. Most of the larger centres in the USA used a classical KD protocol at the time of this survey, but European and worldwide KD practice was more varied, with both classical and MCT diets being employed. Both protocols are used within the UK; a postal survey of 280 British Dietetic Association Paediatric Group members in 2000 found 22 centres were using the KD, 13 the classical and nine the MCT (Magrath et al., 2000). The survey was repeated in 2007 and although use of the KD had risen by 50 %, numbers were still small as this only represented an increase of 51 patients (Lord and Magrath, 2010). At the time of this survey, no dietitians reported using MAD or LGIT. Similar to reports from other European centres (Kossoff and McGrogan, 2005), a lack of funding resources and dietetic time was identified as the main barrier to greater use of dietary treatments. Since these studies were published, practice has changed considerably, with many more centres in the UK and around the world now using the MAD, and a smaller but growing number the LGIT. Using MAD as a dietary treatment for epilepsy in developing countries is also being explored (Kossoff et al., 2008b). Neurologists are becoming more aware of dietary therapies, but many continue to reserve its use until a child has failed a number of anticonvulsants.
The successful use of more relaxed KD therapies is leading the way towards a flexible, rather than rigid, approach to dietary treatment of epilepsy; this may include components of the various protocols drawn together to provide a treatment individually tailored to specific dietary and lifestyle requirements. A clear understanding of how the different types of diet are calculated and implemented is essential before they can be adapted in such a way and this book aims to provide the information to help foster this understanding. The inclusion of guidance on when to use KD therapy, how to initiate, calculate, fine-tune, monitor and discontinue treatments, the potential side effects, use in infants and adults as well as children, and practical advice from both parent and dietitian, will provide readers with a comprehensive and practical training on all aspects of implementation.
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Chapter 2
Epilepsy and epileptic seizures
J. Helen Cross
UCL-Institute of Child Health and Great Ormond Street Hospital for Children, London, UK
Epilepsy is a diagnosis given when an individual is prone to recurrent epileptic seizures. By definition an epileptic seizure is a change in movement or behaviour that is the direct result of a primary change in the electrical activity of the brain. Up to 1 in 20 individuals will have an epileptic seizure in their lifetime; only 1 in 200 will experience more than two seizures and therefore be given a diagnosis of epilepsy. Epilepsy is a symptom and there are many different causes; it would be more accurate to term the condition ‘the epilepsies’. Moreover, there is no single diagnostic test. Diagnosis is made on the assessment of description of events by experienced physicians with support from results of investigations. Prognosis will depend on the type and cause of the epilepsy; further decisions about management and need and type of treatment will also be dependent on the underlying diagnosis and type of epilepsy.
Diagnosis
An epileptic seizure can be defined as an intermittent and stereotyped disturbance of consciousness, behaviour, emotion, motor function or sensation that on clinical grounds is believed to result from cortical neuronal discharge, determined as a change in the electrical activity of the brain. Epilepsy is defined as a condition in which unprovoked (namely not triggered by an acute condition) seizures recur, usually spontaneously. Consequently, by definition, an individual is diagnosed as having epilepsy if he or she has had at least two epileptic ­seizures. Diagnosis can be challenging. As there remains no diagnostic test, a diagnosis should be made by a physician with an expertise in epilepsy, in the case of children by a paediatrician, as the diagnosis will be made on the basis of description of events by an eyewitness. Events suggestive of epileptic seizures may occur as the result of a secondary change to the electrical activity of the brain, for example the result of other causes of collapse such as syncope or heart arrhythmias. The range of ­differential diagnosis is particularly wide in children (Box 2.1). The misdiagnosis rate is consequently high; up to 40 % of children attending a tertiary clinic for an opinion for epilepsy may subsequently prove not to have the condition.


Box 2.1 Differential diagnosis for epilepsy in children.
Syncope and related disorders
Disorders of orthostatic control: reflex syncope
Respiratory syncope
  Reflex and expiratory apnoeic syncope
  ‘Fainting lark’
  Upper airway obstruction
Cardiac syncope
  Arrhythmias
  Complete heart block
  Wolf–Parkinson–White syndrome
Brainstem syncope
  Tumour
  Brainstem herniation or compression
Other: anoxic epileptic seizures
Neurological
Tics
Myoclonus
Paroxysmal dystonia
Sandifer syndrome
Paroxysmal dyskinesias
Cataplexy
Benign paroxysmal vertigo/torticollis
Migraine
Alternating hemiplegia
Eye movement disorders
Overflow movements
Hyperekplexia
Behavioural/psychiatric
Daydreams
Dissociative states
Self-gratification behaviour
Hyperventilation
Panic/anxiety
Non-epileptic attack disorder
Fabricated attacks
Pseudosyncope
Stereotypies/ritualistic behaviour
Sleep disorders
Sleep myoclonus
Headbanging
Confusional arousal
REM sleep disorder/night terrors



The key investigation in the evaluation of an individual with a history of ­epileptic seizures is the electroencephalogram (EEG). This is carried out using a standard placement of silver electrodes on the head, with recordings taken between each of two points. An EEG should be performed in all individuals with a history of at least two epileptic seizures. Although unlikely to be diagnostic unless the individual experiences an event during the recording, specific abnormalities identified either as deviant from what is normally expected for the age of the individual, or epileptiform activity (spikes and sharp waves) may not only support the clinical diagnosis but also aid toward a diagnosis of the type of ­epilepsy (Figure 2.1). Magnetic resonance imaging (MRI) of the brain is likely to be performed in many individuals at diagnosis, but will only give information about a possible underlying cause rather than help toward the diagnosis of ­epilepsy itself. Other investigations selected thereafter, for example to exclude a metabolic cause, will depend on the overall clinical presentation and will only be performed in a select number of individuals presenting with perhaps other symptomatology.
Prevalence and incidence
Despite differing definitions of epilepsy and case ascertainment methods, there is remarkable agreement about the epidemiology of epilepsy in different populations in the developed world. Incidence rates vary between 20 and 55 per 100 000 per year whereas the prevalence for active epilepsy (those on medication or a history of a seizure in the last 5 years) is in the range of 4–10 per 1000. The ­incidence of epilepsy is highest at the extremes of life, with an incidence in those under the age of 2 years of 60–80 per 100 000. There are significant differences between cumulative incidence and prevalence of epilepsy, indicating that the majority of patients who develop epilepsy do not suffer from a chronic disorder. Incidence and prevalence are higher in developing as opposed to developed countries, with higher rates usually found in rural as opposed to urban communities.
Epileptic seizure and syndrome diagnosis
At diagnosis, it is important to determine not only whether the individual has epilepsy but also thereafter the seizure types, and ultimately where possible to diagnose the electroclinical syndrome. Epileptic seizures are broadly defined as generalized or focal in onset. A generalized seizure is defined as one that ­originates, and rapidly engages, bilaterally distributed networks – namely that wide areas of the cerebral cortex on both sides of the brain are involved rapidly from the onset. There are different manifestations of generalized seizures (Box 2.2) dependent on the relative movements and degree of mus­culature involved. A focal seizure (also termed partial seizure) is one that originates within a single network within one hemisphere, which is then ­further described according to severity (loss of consciousness, evolution to convulsive seizure) and likely site of origin. The latter will be surmised from the clinical presentation of the seizure, for example epigastric warning, and subsequent automatisms in individuals with seizures likely to be of temporal lobe origin. A third seizure type, epileptic spasms, is now included separately within the classification as it has not been resolved whether these are focal or generalized in origin.
Figure 2.1 Example of a normal EEG (a) and an example of EEG showing generalized spike wave activity seen in childhood absence epilepsy (b).
[image: image]


Box 2.2 Classification of seizure types.
Generalized seizures
General tonic–clonic
Absence
  Typical
  Atypical
  Absence with special features
    Myoclonic absence
    Absence with eyelid myoclonia
Myoclonic
  Myoclonic
  Myoclonic atonic
  Myoclonic tonic
Tonic
Atonic
Focal seizures
Epileptic spasms



On determining the likely seizure type, or types, with which an individual has presented, it is important thereafter to try to determine the likely epilepsy ­syndrome. An epilepsy syndrome is defined as a group of clinical entities that are reliably identified by a cluster of electroclinical characteristics, namely evidence from the clinical seizure type and EEG. Patients whose epilepsy does not fit the criteria for a specific syndrome can be described with respect to a variety of clinically relevant factors, and may thereafter be also described by the underlying cause (Box 2.3). The syndromes currently described are age related, and may have different causes. The diagnosis of the likely syndrome will subsequently guide the best course of management.
There are of course many underlying causes of epilepsy that may manifest as differing epilepsy syndromes. These have been tentatively classified as genetic (where the epilepsy is the direct result of a known or inferred genetic defect(s) and seizures are the core symptom of the disorder), structural–metabolic (where there is a distinct structural or metabolic condition present) or unknown (because there remain a number of epilepsies with no known underlying cause). There is no question that advances in genetics and neuroimaging have greatly enhanced our understanding of the underlying causes of the epilepsies. Cortical ­malformations have been now determined to be a major cause of drug-resistant epilepsy. Further, increasingly specific gene defects coding for sodium and potassium channels have also been determined as major causes of some of the well-defined syndromes with onset in early childhood, for example sodium channel (SCN1A) mutations in Dravet syndrome. Specific metabolic defects have also been discovered to be a cause of paroxysmal movement disorders and epilepsy, which may have specific implications for treatment, for example glucose transporter defects.


Box 2.3 Epilepsy syndromes.
Age 0–12 months
Benign familial neonatal convulsions
Benign idiopathic neonatal convulsions
Benign familial partial epilepsy of infancy
Early infantile epileptic encephalopathy (Ohtahara)
Early myoclonic encephalopathy
West syndrome
Dravet syndrome
Lesional focal epilepsy
Migrating partial seizures of infancy
Age 1–5 years
Panyiotopolous syndrome
Myoclonic astatic epilepsy
Lennox–Gastaut syndrome
Landau–Kleffner syndrome
Continuous spike wave of slow sleep
Age 5–10 years
Benign epilepsy with centrotemporal spikes
Late onset childhood occipital epilepsy (Gastaut type)
Autosomal dominant nocturnal frontal lobe epilepsy
Childhood absence epilepsy
Myoclonic absence epilepsy
Age over 10 years
Juvenile absence epilepsy
Juvenile myoclonic epilepsy
Progressive myoclonic epilepsies



Treatment: what and why
Once a diagnosis of epilepsy has been made, discussion is then undertaken about whether treatment is warranted, and indeed which treatment. In some circumstances, such as benign epilepsy with centrotemporal spikes, if seizures are rare a family may decide not to treat. However, the risks of the epilepsy have to be taken into consideration when any such decision is made, and in most this ­warrants medication. Risks include those of the seizures themselves, either through injury or accidents, or impact on learning, and in those with continuing convulsive seizures there is the risk of sudden unexplained death in epilepsy, affecting around 1 in 200.
Antiepileptic drugs (AEDs) are the first-line treatment; these medications ­suppress the tendency to seizures rather than treat any underlying cause. The choice of AED will depend on the epilepsy diagnosis, particularly the likely ­syndrome diagnosis, as well as the individual. All AEDs have reported side effects (see Chapter 3) and these possibilities have to be discussed along with the risk of recurring seizures. General principles of treatment include only ever ­making one change at a time, careful evaluation of any response, and trying to minimize anticonvulsant load to one drug where possible. There is no evidence to suggest that a combination of more than two drugs leads to any better control than a single drug, and toxicity is more likely to occur where multiple drugs are used together. Minimizing drug load is therefore imperative. How long treatment is required will also depend on the type of epilepsy, specifically the likelihood of spontaneous remission. Traditionally, a seizure-free period of 2 years has been suggested before considering withdrawal of medication, but the type of epilepsy and possible likelihood of remission should be carefully evaluated prior to any decision. If seizures are not controlled with up to two AEDs, consideration should be given to other options (see Chapter 3).
Prognosis
The overall prognosis for an individual with epilepsy will be related to the ­underlying epilepsy syndrome, as well as the underlying cause. There are a group of epilepsies presenting in childhood for which the prognosis for seizure control and remission from seizures remains extremely good. Other epilepsies presenting later (e.g. juvenile myoclonic epilepsy) may have a good prognosis for seizure control with medication, but the medication is likely to be required long term. Two-thirds of individuals with epilepsy will either become seizure-free on AEDs or enter spontaneous remission. However, one-third continues to have seizures despite appropriate use of medication. There also remains a high rate of cognitive and behavioural disorder, particularly amongst children with very early onset epilepsy. The term ‘epileptic encephalopathy’ has been incorporated into recent proposals for the classification of the epilepsies. Although previously a term ­generated to describe a certain number of early-onset epilepsy syndromes with particularly poor prognosis for cognitive development, it is now defined as a concept, in the most recent International League Against Epilepsy (ILAE) ­proposal, that could be applied to any epilepsy at any age. It is defined as the notion that the epileptic activity itself is contributing to cognitive and behavioural impairments beyond that expected from the underlying pathology alone (e.g. cortical malformation) and that these can worsen over time. Inevitably in each individual differing contributions may be made to any neurodevelopmental impairment from epilepsy-related factors (seizures, ongoing epileptic activity), underlying cause and the medication, and all must be weighed up carefully when decisions about treatment are being made.
Overall, quality of life in individuals with epilepsy has been found to be most significantly related to seizure control, although other life factors may contribute. However, perception of quality of life will depend on whose perspective it is viewed from. Parents’ ability to manage the epilepsy and adjust psychologically will exert the most influence on their child’s quality of life and minimize the risks of the psychosocial burden of the epilepsy on their child.
Summary
Epilepsy is a clinical diagnosis made when an individual has had at least two epileptic seizures. Accuracy of diagnosis of seizure type, and epilepsy syndrome, is imperative for appropriate management in the long term. Prognosis for many is good, with a high chance of seizure control and/or remission. However, there a high rate of cognitive and behavioural difficulty, especially in those with early-onset and continuing seizures. For each individual, ongoing discussion as to optimal management is required to optimize quality of life.
Further reading
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Chapter 3

Treatment options in the paediatric epilepsy clinic

Ruth E. Williams

Evelina Children’s Hospital, London, UK

In around 20–30% of children with epilepsy, seizures cannot be controlled easily with medication. These children may be taking two or more antiepileptic drugs (AEDs) but continue to have seizures more than once per month. Many will have experienced side effects from medication, precluding the use of sufficiently high dosage regimens to achieve seizure control. In the UK, they will have been under the care of a general paediatrician who may or may not have particular training and expertise in children’s epilepsy. The UK National Institute for Health and Clinical Excellence (NICE) guidelines suggest that all such children be referred for a specialist assessment by a neurologist (NICE, 2004). The initial assessment will look at a number of issues including the underlying cause of the epilepsy and need for further diagnostic investigations (see Chapter 2), comorbidities (e.g. learning and thinking, attention and social communication skills) and their relationship with the epilepsy, and management options that will include consideration of dietary therapy. The child and family may also be introduced to other members of the multidisciplinary children’s epilepsy team including an epilepsy nurse specialist. This chapter describes the management options which may be considered alongside dietary therapy.

Further trials of medication

For some children a review of the underlying cause of epilepsy and epilepsy syndrome will provide a clear path for further trials of medication. Before ­consideration of dietary therapy or invasive management options such as surgery, it is important that appropriate AEDs are tried in appropriate doses for an appropriate length of time. Side effects of AEDs are not uncommon (Table 3.1) and the more medications taken by a child at any one time, the higher the risk of drug interactions and side effects. The impact of AEDs on thinking and learning skills, attention, sleep and behaviour cannot be underestimated. Side effects can be grouped according to their predictability and ­timing in relation to starting new AED treatment. Some side effects are idiosyncratic: they come unpredictably and are rare, but may be severe. Other side effects are more common, predictable and relatively mild. Other AED-related symptoms are predictable but related to high doses or rapid increases of ­dosage (toxicity). Some AED side effects are the result of drug interactions, for example if a child needs antibiotics for an intercurrent infection blood levels of some AEDs may be altered in a predictable way, potentially leading either to toxicity or to seizure relapse.

Table 3.1 Common examples of side effects of antiepileptic medication.




	Type of side effect
	Some examples



	Predictable, mild and common at the start of treatment
	Drowsiness with carbamazepine, vigabatrin



	Predictable at high doses or rapid escalation
	Drowsiness and nausea with ethosuximide
Increased appetite and weight gain with valproate
Poor appetite and weight loss with topiramate
Rash, double vision and sleep disturbance with lamotrigine
Tremor with valproate
Acne and gum hypertrophy with phenytoin
Blurred vision and unsteadiness with carbamazepine



	Idiosyncratic
	Hair loss, liver dysfunction and pancreatitis with valproate
Behaviour disturbance with levetiracetam
Bone marrow suppression with carbamazepine



	Drug interactions
	Increased blood levels of carbamazepine (drowsiness) with some antibiotics (e.g. erythromycin)
Decreased effectiveness of lamotrigine when oral contraceptive pill added



	Fetal toxicity (Morrow et al., 2006)
	Valproate especially but not solely; more problems with polytherapy and higher doses





The place of dietary therapy

Dietary therapy for epilepsy is discussed in detail in the following chapters. For those children whose seizures have not responded to two or more medications within 1–2 years of seizure onset, and are under the care of a paediatric neurologist, dietary therapy may be considered prior to, or alongside work-up for ­consideration of, resective epilepsy surgery, stimulation techniques or a change of direction towards palliative care.

Epilepsy surgery

Epilepsy is a chronic condition. For perhaps the majority of children, epilepsy remains a childhood condition that does not persist into adulthood. However, for a large minority, the tendency to have seizures persists into adulthood and is expected to be lifelong; AED treatment therefore aims to control or suppress seizures but cannot cure epilepsy. A structural brain lesion can be identified in a proportion of children with epilepsy. In some, this structural abnormality can be shown to be responsible for the seizures and is amenable to resective surgery. For these children and adults, surgery represents a potential curative treatment if the entire epileptogenic zone can be removed without high risk of consequent functional impairment (e.g. hemispherectomies, lobar resections, lesionectomies). Disrupting the connections between one hemisphere of the brain and the other may prevent spread of seizure activity and clinical seizures, thus possibly ­modifying the disease course but considered mainly to control symptoms (e.g. functional hemispherectomy, callosotomy, subpial transection).

Deep brain stimulation and vagal nerve stimulation

Deep brain stimulation (DBS) involves the insertion of stimulation electrodes that deliver cyclical pulses of electrical current into the deep grey matter of the brain. This procedure has been helpful for a small number of adults and children but is only available in specialist surgical centres as part of research trials.

Vagal nerve stimulation (VNS) is now used widely for those adults and ­children not suitable for resective surgical procedures and who continue to have frequent troublesome seizures despite trials of several AEDs. The operation is usually performed as a day case, and involves placing a battery-operated device under the skin just below the left collarbone. Wires are attached to the device and these are placed around the left vagus nerve in the neck. The device delivers a pulsed electrical current that stimulates the left vagus nerve. This nerve carries fibres to and from the base of the brain through the skull. The current is switched on and adjusted using an external ‘wand’ and digital programming device. The current delivered and cycling times are adjusted over several months following implantation. The mechanism through which VNS works is not well understood. Seizures are seldom completely controlled and the majority of patients must ­continue to take regular AEDs. In some, medication can be reduced, thus reducing side effects. For some, the pattern of seizures changes so that seizures themselves become less prolonged or amenable to emergency treatment using a magnet swipe over the stimulator device to deliver a boost of current. For some individuals the recovery following a seizure is much quicker so that normal activities can be resumed. The full benefit of VNS may not be seen for 6–12 months after implantation and AEDs are seldom changed during this time.

Evaluation: is this child a candidate for surgery, DBS or VNS?

The decision to offer epilepsy surgery or stimulation to a child with epilepsy is made by a team experienced in the care of children with refractory epilepsy. The team commonly comprises paediatric and adult epileptologists/neurologists, a neuroradiologist (to interpret brain imaging including MRI, computed tomography and more specialist scans), paediatric and adult neurophysiologists (to interpret tests such as EEG and telemetry), a psychologist and/or child and adolescent psychiatrist, specialist nurses, sometimes therapists (physiotherapist, speech and language and occupational therapists as necessary) and of course the specialist paediatric epilepsy neurosurgeons. These teams are based at large neurology and neurosurgical centres and many of the investigations and tests necessary for the evaluation can only be performed in these large specialist centres. Almost all children will have undergone a period of EEG video-telemetry over several days as an inpatient, together with detailed brain MRI using special epilepsy protocols (a longer scan which may need to be performed with sedation or anaesthesia in order to provide the best-quality images). Other assessments, including motor skills, thinking and learning skills and emotional well-being, may also have been necessary. This detailed evaluation often takes time (at least months) before the most appropriate treatment course can be defined and then offered to the child and family. During the process, some children may be offered further AED trials or dietary therapy.

Palliative care

Unfortunately for a very small number of children with epilepsy, seizures cannot be controlled using any of the options above or by dietary therapy. This may be because the treatments do not work for a particular individual or because the side effects or complications are too great. In all children and adults living with ­epilepsy, a balance must be struck: the potential for seizure control or reduction against any drawbacks of treatment. Often there is no available curative treatment for refractory epilepsy and children’s lives may be threatened or shortened as a consequence of their severe epilepsy. A proportion of the children being considered for dietary and other treatment options for refractory epilepsy have palliative care needs according to currently accepted criteria. Palliative care is defined as

an active and total approach to care, from the point of diagnosis or recognition, embracing physical, emotional, social and spiritual elements through to death and beyond. It focuses on enhancement of quality of life for the child or young person and support for the family and includes the management of distressing symptoms, provision of short breaks and care through death and bereavement.

Complex, or continuing, care

is a bespoke package of care beyond what is available through core and universal services. It is provided to children with high levels of complexity or intensity of nursing care needs (ACT, 2008).

All these children and families are likely to benefit from good communication between different members of the multidisciplinary and multi-agency teams (education and social agencies as well as health) supporting them, regular review and care planning. Attention to appropriate schooling, respite care at home and outside the family home and adequate and appropriate treatment and/or support for comorbidities is crucially important.

Summary

Dietary therapy has a clear place in the management of refractory epilepsy alongside a number of other therapeutic options. Children in whom treatment with two or more different AEDs has not been successful should be referred to a paediatric neurologist for further evaluation, including consideration of dietary therapy.
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body weight)

Both sexes Girls Boys

05 131

1 114

15 103

2 097

3 0.90

4 086

5 085

6 0.89

7 091

8 092

9 092
10 091
b 0.90 091
12 0.89 0.90
13 0.88 0.90
14 0.87 0.89
15 0.85 0.88
16 0.84 0.87
17 0.83 0.86
18 0.82 0.85
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Diet ratio Percentage of dietary energy from

Macronutrient proportions macronutrients
Fat(g) Protein and carbohydrate Fat (%) Protein and carbohydrate
combined (g) combined (%)
1:1 1 1 69 34
2:1 2 1 82 18
3:1 3 1 87 13
4:1 4 1 % 10
5:1 5 1 %2 8
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1g carbohydrate 5g carbohydrate 10g carbohydrate

exchange exchange exchange
Vegetables (g)

Broccoli,raw 56 278

Broccoli, boiled ot 455

Cabbage, boiled, average 5 227

Carrots, raw 17 8

Carrots, boiled 23 14

Caulflower, boiled 48 238

Celeriac, raw 43 217

Celery, raw 1 556

Courgete, raw 56 278

Cucumber 57 285

French beans, boiled 34 72

Leeks, boiled 38 192

Lettuce, average, raw 59 204

Mushrooms, common, raw 250

Onions, raw 13 63

Orions, spring 33 167

Peas, frozen, boiled 10 52

Peppers, green, raw 38 192

Peppers, red, raw 16 78

Runner beans, boiled a3 217

Sweetcom kerels, boiled 5 26

Tomato purée 7 35

Tomatoes, raw 32 161

Potatoes, old boiled 29 59
Rice, pasta, cereals, bread and biscuits (g)

Rice, white, easy cook, boiled i a2
Rice brown, boiled 1 a1
‘Spaghet, white, boiled 23 5
‘Spaghett, wholemeal, boiled 2 a3
Cornflakes 6 2
Rice Krispies 5 11
Weetabix 7 13
Bread, white, sliced 1 2
Bread, wholemeal, average 2 24
Digestive biscuits, plain 7 15
Fruits (g)

Apples, cooking, stewed no 12 62 123
sugar

Apples, eating 8 42 8
Banana 4 2 43
Blackberries 20 % 196
Blackcurrants 15 76 152
Cherries il 53 105
Kiwi fruit 9 a7 o4
Oranges 12 59 118
Peaches 13 66 132
Pears 10 50 100
Plums, raw, average 1l 57 114
Raspberries 22 109 217
Rhubarb, stewed no sugar 143 714 1429
Strawberries 17 8 167
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Basic low glycaemic index (GI) approach and regular moderate meals
There is anecdotal evidence from a fow UK adults that there may be.
changes in selzure pattern and an Improvement in overall qualty of fe as
aresultof a simple reduction in carbohydrate (CHOYcalore intake
Key advice points.

« Plan regular moderate meals with one to three small snacks

« Focus on switching high GI CHO sources for lower GI CHO.

sources at most meals. Provido a st of low/medium and high G

‘GHO sou1cos and afrfower Gl deas orbroakiastas tis s ofen B
the meal given the leasttme and effortyet equiring the most -4
significant adjustment &

« Make moderata reductions fo GHO portion sizes.

«Ifwaghtoss is not desired, advise using fll fat dairy products and
more generous servings of vogetable 0 n cooking/salad
drossings, olc.

« Ensure adequate flud intakfom sugarfree sources

« Advise vitamin/mineral supplementation whero biochemically
indicated or where dietary analyss ndicates a poor range o food
sources and potential defcency

Dssed oh mockfied Atne dist (MAD) Low glycaemic indox treatment (LGIT)

wice point

Key advice polnts Key advice points

 Dally CHO intake s resticted to 15-20g,

Indepandentof clorieroqurement * Dally CHO Iniako s resticted o
approximately 10% of energy inlake
- GHO oxchanges are used as a means (o Nl bl
Gontrol intake and alow variety o s and biicccein scliaesies e
vegetables. CHO is generally distributed SOOI
evenly through the day + Low GI CHO exchange lists are used

« Encourage generous portions of fats/oils/ « Encourage generous portions of fats/
high fat foods and provide guidance on oils/high-fat foods sand provide. 2
porton sizes and distbution, particularly guidanco on portion sizes and s
it welghtloss fs a concem distibution, partculary f weightloss &

« Balance meals with a source of protein, a 8 & concerh

s s sollE o CHO)  Ensure adequae fuid intake, from

+ Ensure adequate fluid intake, from sugar- svgsriies sowces

b,  Ful spectum vitamin/mineral
« Full spectrum vitamin/mineral supplement stpplement ol recommended
normaly recommended « Provide menu guidance based on
individual food preferences and
« Provide menu guidance based on Hosiylo L

individual food preferences and lfestyle.

for some

The classical or MCT ketogenic dist may be the regime of cholg

« Depending on the body weight and the protein and energy requirement of the adult a classical 3:1
ketogenic ratio may be more practically achieved than a 4:1 ratio
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Saturated fat ketogenic diet (mean level) Mixed oil ketogenic diet (MOKD) (mean level)

Baseline (V=9) 6months (N=7) 1year(N=5) Baseline (V=71) 6months (N=53) 1year (N=49) 2years (N=30)

Total cholesterol (ma/dL)
Triglycerides (mg/dL)
High-density ipoprotein
(HDL) (mg/dL)
Low-densiy lipoprotein
(LDL) (mg/dL)

Very low density lipoprotein
VLDL (mg/dl)

Total cholesterol:HDL ratio
LDL:HDL ratio

183 341 312 188 95 111 9
120 157 162 156 168 168 152
a4 a7 a7 Pt 38 a a4
115 250 233 o7 1 107 103
2 ES) a4 17 20 2 19
41 68 67 40 42 43 42

28 43 49 25 29 28 24
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Carbohydrate (g)  Fat(g) Protein (g

Eggs, chicken, whole, raw ~ 46.0g 5.15 575 0.00
Calogen (Nutricia) 40.0g 20.00 0.00 0.00
Olive oil 15.0g 14.98 0.00 0.00
Tomatoes, raw 20.0g 0.06 0.14 062
White bread, sliced 18.0g 0.29 142 830
Pure sunflower spread 11.0g 737 0.00 0.00
Totals 4785 731 8.92
Lunch

Pure sunflower spread 14.0g 9.38 0.00 0.00
Mayonnaise, retail 30.0g 22,68 033 051
Tuna, canned in brine, 22.0g 0.13 517 0.00
drained

Wholemeal rolls 18.0g 059 187 830
Calogen (Nutricia) 30.0g 15.00 0.00 0.00
Totals 4778 737 881
Evening meal

Chicken, light meat, raw. 220g 0.24 528 0.00
Carrots, young, raw 13.0g 0.07 0.09 078
Beansprouts, mung, raw 15.09 0.07 044 0.60
Noodles, egg, raw 9.0g 0.74 109 645
Vegetable oil, blended, 34.0g 33.97 0.00 0.00
average

Alpro single cream 20.0g 2.10 042 0.90
Calogen (Nutricia) 2109 10.50 0.00 0.00
Totals 4769 732 873
Supper

Calogen (Nutricia) 84.0g 42.00 0.00 0.00
Alpro soya unsweetened 16509 2.97 5.44 033
milk

Cocoa powder 70g 152 130 0.81
Gingernuts 10.0g 158 050 750

Totals 48.07 724 8.64
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Carbohydrate (g)

Product Protein(g)  Fat(g)
3 Protifar (or 4g Vitapro) i 0
) (trace)
2.5g Maxijul (or reduce to 2g if 0 0
using Vitapro as protein source) ©) )
68g double cream” 12 33
Totals' 39 33
.2) (33)

0
(0.4)
24
(19)
18
42
@.1)

“Double cream values are those provided on the product label as food table values are not accurate

for most UK double cream varieties.
Add water to taste approximately 200mL.
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Nutrient-dense/energy- | Name of preparation(s), | Frequency

dense supplement(s) | dose:
gastrostomy feeds:
Other supplement(s) Tron

preparation and dosage | Zinc
Calcium:+vitamin D,

Carnitine
Selenium
Other vitamins
Other
Mobilty:
Activites:
Others involved in care: | Respite | Nursery School
Current medications Name Dose Formulation | Carbohydrate
content
Previous medications
tried:
Seizures Types: Frequency:

Sleep patterns:

Baseline blood and urine investigations completed and reviewed by team

‘Child and family’s expectations from the dietary treatment

Approximate daily intake from 3-day food record:

Protein in g (convert to g/kg) Normal DRV* in g (convert to g/kg)

Energy in keal (convert to kcallkg) Normal DRV" in keal (convert to keallkg)

Estimated requirements for ketogenic dietary therapy

Protein in g (convert to g/kg)

Energy in keal (convert to keallkg)

Comments/action

I s valiisirion valli ki sie il clindie vaiihad bbb ahid,
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Nutrient per Aptamil 1st Ketocal 3:1 Ketocal 4:1
100kcal

Energy (kcal) 100 100 100

Protein (g) 2 22 2.1
Carbohydrate () 111 (lactose) 1 (lactose) 0.4 (glucose syrup)
Fat (g) 5.3 (vegetable oil) 9.7 (paim, soya) 10 (soybean oil)
Vitamin A (ug) 84 75.4 52.4

Vitamin D (ug) 18 17 074

Vitamin E (mg) 16 1.1 1

Vitamin C (mg) 14 12 62

Thiamin (mg) 0.076 0.4 0.1

Riboflavin (mg) 0.189 0.1 0.1

Folic acid (mg) 18 20 15.4

Vitamin B, (mg) 0.06 0.1 0.1

Vitamin B, (ug) 027 02 0.11

Sodium (mg) 26 45.1 685

Potassium (mg) 96 142 110

Chloride (mg) 63 68.8 103

Calcium (mg) 76 120 58.9
Phosphorus (mg) ~ 42 80 58.9

Calcium: 18:1 15:1 111

phosphorus

Magnesium (mg) 76 15 15.4

Iron (mg) 08 17 1

Copper (ug) 61 119 822

Zinc (mg) 076 12 0.82
Manganese (mg) 0.0t 0.09 0.09

lodine (ug) 18 222 12.3

Selenium (1g) 23 3 3
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Name:

Date of birth:

Hospital number:

Date:
Weight kg Centile
Height om Centile
Consistency of food: Normal | Soft Puree. Fluid
Types of fluids: Daily volume:
Consistency o flids Normal | Syrup Custard

Thickener used: Quantity
Reason(s) Dysphagia | Regurgitation | GO reflux

Frequency of defecation: | Times per day

Times per week

Pain Bleeding per | Stool consistency
rectum
Laxative use (preparation | Lactulose:
and dosage) Movicol Paediatric
Sodium picosulphate:
Senna:
Resource Optifibre:
Other

Typical meal pattern:

Breakfast

Snack

Lunch

Snack

Evening meal

Bediime snack

Time taken over an average meal:

Percent eaten of food offered:

Gastrostomy/other
feeding tube in situ:
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Date Calories Ratio Urine ketones Blood ketones Seizure frequency

(mmol/L) (per day)
Diet start 1400 13:1 4+ 13 34
Postimonth 1400 15:1 4+ 34 2
Post2months 1400  18:1 4+ 48 12
Post3months 1400  18:1 4+ 45 8
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Reference No. of patients  >90% improvement >50% improvement

rate at 6months rate at 6months
Kinsman et al. (1992) 58 29% 67%
Vining et al. (1998)" 51 29% 53%
Freeman et al. 150 32% 51%
(1998)"
Hassan et al. (1999) 52 67%
Kankirawatana et al. 35 75%
(2001)°
Nordii et al. (2001) 32 55%
Coppola et al. 56 27%
(2002)°
Franois et al. (2003) 29 4%
Mady et al. (2003) 45 29% 50%
Kim et al. (2004) 124 53% (3months) 76% (3months)
Klepper et al. (2004) 1 17% 31%
Vaisleib et al. (2004) 54 65%
Seo et al. (2007) 74 24% 79%
Neal et al. (2008)" 54 7% 38%
Nathan et al. (2009)" 105 62% 80%
Hong et al. (2010)° 104 64%
Dressler et al. (2010) 50 48% 50%

*Prospective studies.
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Reference Numberof ~ Agerange Dietary Number of patients
patients  (years) treatment achieving 250%
seizure reduction

Kossoff et al. 30 18-53  Modified 10 (33%)
(2008) Atkins diet

Carrette et al. 8 3155  Modified 1(13%)
(2008) Atkins diet

Mosek et al. 9 2336 Classical 2(22%)
(2009) ketogenic diet

Kiein et al. 12 2465  Classical 6(50%)
(2010) ketogenic diet

Smith et al. 18 18-55  Modified 3(17%)

(2011) Atkins diet
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