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Abstract

Epilepsy is one of the most common neurological disorders of childhood. Treatment of epileptic seizures is
governed by weighing the benefit- risk of using anti-epileptic drugs. An important limitation of their use is that, in at
least one third of patients, seizures are resistant to the available older and new-generation anti-epileptic drugs. This
challenge makes the non-pharmacologic mode of treatment an attractive option. With the global demonstration of
the therapeutic benefits of the ketogenic diet signaling a possible paradigm shift, evaluating its risk profile will help to
establish its benefit-risk ratio. Multifaceted side effects of the diet have been reported in several studies but have not
precluded its use. To promote its world-wide acceptability, its components should be modified to include locally-
available food stuffs. The present review aims to highlight and compare the benefit-risk ratio of using anti-epileptic

drugs and the ketogenic diet in the treatment of refractory childhood epilepsy.
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Introduction

Epilepsy is one of the most common neurological disorders of
childhood [1,2]. By definition, it is a condition in which a subject is
predisposed to recurrent seizures due to a disorder of the central
nervous system: a seizure referring to a sudden, involuntary, time-
limited alteration in behavior, including a change in motor activity, in
autonomic function, in consciousness, or in sensation, accompanied by
an abnormal electrical discharge in the brain [3]. Determination of the
underlying epileptic syndrome is crucial because of its far-reaching
implications for pharmacologic treatment and prognosis [4]. An
epileptic syndrome may consist of more than one seizure type. Thus, in
the classification system of the epilepsies by the International League
against Epilepsy (ILAE), the primary distinction is based on the
patient’s seizure type- either partial or generalized [5]. Generally,
commencement of anti-epileptic drugs should be preceded by a
number of considerations such as assessment of the risk of further
seizures, and establishing if the seizures are non-epileptic so that
treatment can be targeted at the underlying cause [6]. Furthermore,
treatment of epileptic seizures is governed by weighing the risk of
treatment against the benefit of using anti-epileptic drugs. The goal of
treatment with anti-epileptic drugs is to prevent the recurrence of
seizures while avoiding the side effects from these drugs. Accurate
identification of the seizure type is a prerequisite for choosing the
appropriate drug for the best outcome.

Since the historical evolution of pharmaceuticals in the treatment of
epileptic seizures which started with the use of bromide, several anti-
epileptic drugs have emerged till date. Most of these drugs have
distinctive side-effects which may be fatal on rare occasions; thus their
successful use considers both their efficacy and side effects. After
initiation of treatment with anti-epileptic drugs, the treatment should
be monitored to evaluate their effectiveness and to determine their

safety profile [7]. Another major challenge in the use of anti-epileptic
drugs is the issue of non-compliance which has been well documented
in a study [8]. Drug interactions are also a major problem. Seizures
may remain intractable despite treatment with anti-epileptic drugs,
while prolonged periods of treatment partly contribute to non-
compliance with these pharmaceuticals.

Since the mid-1990s, there has been renewed scientific interest in
the ketogenic diet as therapeutic option for drug-resistant childhood
epilepsy. The diet has been widely and successfully used to treat
children with epilepsy since the 1920s until the advent of anti-epileptic
drugs in the 1930s. In 2008, the first randomized controlled trial of the
ketogenic diet demonstrated that 38% of children on the diet had a
>50% reduction in seizures compared with only 6% in the control
group [9]. Despite its efficacy in treating drug-resistant epilepsy, short-
term and long-term side effects have been observed [10]. Interestingly,
the use of nutraceuticals has equally become attractive in other non-
communicable diseases [11]. Nutraceuticals refer to foods or food
components which provide medical benefits including prevention
and/or treatment of disease [11], and the ketogenic diet appears to be a
fitting eponym [12]. The present review aims to highlight and compare
the benefit-risk ratio of using anti-epileptic drugs and the ketogenic
diet in the treatment of refractory childhood epilepsy.

Anti-Epileptic Drugs: Weighing the Benefit-Risk Ratio

Evaluating the benefit to risk ratio in children with epilepsy is
extremely important in determining the need for treatment, the choice
of drugs and the use of monitoring tools such as laboratory tests and
other investigations [13]. Active epilepsy per se is associated with
significant risks in terms of increased mortality, susceptibility to
neuropsychiatric morbidity and physical injury, and reduced quality of
life traceable to restricted lifestyle, stigma and prejudice. By preventing
the occurrence of seizures, anti-epileptic drugs reduce or eliminate
altogether seizure-related risks; but other risks may arise due to the
side effects of the drugs, all of which have a relatively narrow
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therapeutic index [13]. As a rule, there are no major differences in the
degree of efficacy between anti-epileptic drugs effective in any given
seizure type. A comparison of the safety profiles of anti-epileptic drugs
however shows that different medications have different side-effect
profiles [7], and these represent a major factor in determining the
choice of treatment [13]. In as many as 60-70% of newly treated
patients, current anti-epileptic drugs result in satisfactory seizure
control and a favorable benefit-risk balance for the great majority of
them despite considerable differences in response; unfortunately, in
20-30% of patients, epilepsy remains refractory [14] .

Furthermore, assessment of benefit to risk ratio should also consider
patient-related factors such as the type and severity of the epilepsy, age,
gender, childbearing potential, medical and drug history, associated
disease, use of concomitant medication and the expected patient's
compliance [13]. For instance, in some benign epilepsy syndromes, the
risk of side effects from anti-epileptic drugs may outweigh potential
benefits in terms of seizure control; thus, treatment is generally not
indicated. On the other hand, the serious morbidity and mortality
associated with severe epileptic encephalopathies may justify
aggressive treatment even with drugs associated with a relatively high
risk of life-threatening side effects [13].

In one study that compared four drugs, all of them had similar
efficacy but were associated with distinctive and varying side effects
[15]. Several systemic and neurotoxic effects occurred with the four
drugs (primidone, phenobarbital, phenytoin and carbamazepine) but
some were significantly more common or less common with specific
drugs [15]. Typically, phenobarbital was associated with the lowest
incidence of motor disturbance (ataxia, uncoordination, nystagmus,
and tremor) early in treatment, while phenytoin resulted in more
dysmorphic and idiosyncratic side effects (gum hypertrophy,
hirsuitism, acne and rash) than the other drugs. These four anti-
epileptic drugs were among the early set of pharmaceuticals
introduced for the treatment of epilepsy since the debut of bromide in
1857. From the mid-70s till the late-90s, other anti-epileptic drugs like
clonazepam, valproate, clorazepate, lamotrigine, fosphenytoin and
topiramate emerged and were marketed in the United States [16]. In
addition, much newer anti-epileptic drugs are also available and
include gabapentin, felbamate, vigabatrin, tiagabine, oxcarbazepine,
and zonisamide. Three of the new drugs namely felbamate, gabapentin
and lamotrigine have long been made available for prescription [17]. A
comprehensive list of the side-effects of both the older and newer anti-
epileptic drugs is further outlined alongside with their interactions
with other anti-epileptic drugs and medications as follows [16,17]:

Older antiepileptic drugs

Carbamazepine -Skin: urticaria, Stevens-Johnson syndrome,
exfoliative dermatitis, petechiae, etc. Neurologic: drowsiness, dizziness,
diplopia, ataxia, confusion, headache, blurred vision, nystagmus,
tinnitus, etc. Gastrointestinal: abdominal pain, diarrhea, constipation,
anorexia, glossitis, stomatitis, etc. Cardiovascular: arrhythmias,
hypotension, syncope, edema, etc. Genitourinary: urinary frequency,
acute urinary retention, etc. Carbamazepine can increase the levels of
phenytoin and phenobarbital and decrease the levels of clonazepam,
ethosuximide, primidone, sodium valproate, phenytoin and
phenobarbital. On its concomitant interactions with other
medications, the level of carbamazepine can be increased by
erythromycin, isoniazid, and cimetidine.

Phenytoin-skin  eruptions, peripheral neuropathy, gingival
hypertrophy, hypertrichosis and hirsuitism. Phenytoin may increase or

decrease the levels of carbamazepine, phenobarbital, primidone and
sodium valproate. Its level can be increased by drugs like
chloramphenicol, cimetidine, isoniazid, sulfonamides, trimethoprim,
and chlorpheniramine

Sodium valproate-Gastrointestinal: nausea, vomiting, anorexia,
heartburn, diarrhea, abdominal cramps, constipation, and increased
appetite.  Neurologic: hand tremor, sedation, drowsiness,
aggressiveness, hyperactivity, ataxia and headache. Skin: alopecia, rash,
epistaxis. The drug may increase the level of phenobarbital. Its level
may be increased by salicylates

Phenobarbital-drowsiness, blunting of memory and motor
performance, depression, excitability, skin eruptions. The drug
decreases the level of clonazepam but may decrease or increase the
levels of phenytoin and carbamazepine. Its level may be increased by
chloramphenicol.

Primidone- sedation. Its interaction with other antiepileptic drugs is
similar to phenobarbital but its level is increased by isoniazid

Newer antiepileptic drugs

Gabapentin- fatigue, dizziness, nystagmus, decreased alertness,
tremor, sleep disturbances, hypotension, dry mouth, nausea, diarrhea
and rash. A characteristic feature of this drug is its non-interaction
with other antiepileptic drugs and other medications.

Lamotrigine-diplopia, drowsiness, ataxia, headache, skin rashes
including Stevens-Johnson syndrome. The drug does not affect the
levels of other antiepileptic drugs but its half-life can be prolonged or
shortened by phenytoin and carbamazepine respectively.

Felbamate-insomnia, nausea, decreased appetite, dizziness, fatigue,
ataxia and lethargy. The levels of phenytoin and valproate increase with
the drug. However, it decreases the level of carbamazepine while its
level is decreased by the concomitant use of other antiepileptic drugs,
especially those that induce hepatic enzymes.

Topiramate-somnolence, dizziness, ataxia, speech disorders, and
paresthesias. The drug does not affect the levels of other drugs but its
concentration can be decreased by phenytoin and carbamazepine.

Notably, each of the anti-epileptic drugs may be effective for some
types of seizures but may be ineffective for other types. In addition, the
risk profile of each drug may make its use more beneficial or less
beneficial in children. For example, carbamazepine is effective alone or
with other anti-epileptic drugs in the treatment of partial seizures,
especially complex partial seizures, in generalized tonic-clonic seizures,
and in combinations of these seizure types [16]. However, the drug is
ineffective for absence, myoclonic, and atonic seizures. Although it has
been found to worsen some generalized seizures with spike-and-wave
EEG patterns in children, it is increasingly preferred to phenobarbital
in pediatric patients because it appears to have less untoward effect
than phenobarbital on cognition and behavior [16]. Nevertheless,
carbamazepine has several side effects ranging from dermatologic,
hematologic, gastrointestinal, neurologic, cardiovascular, and hepatic
to metabolic reactions; some of these reactions are potentially fatal
albeit rare. Despite these challenges, the benefit-risk ratio still favors its
use in the treatment of childhood epilepsy. Some of the newer
antiepileptic drugs were limited in their use with respect to the age of
the patients. For instance, gabapentin and lamotrigine were initially
used in only adult patients while felbamate was approved in pediatric
patients [17]. However, more recently the NICE (National Institute for
health and Care Excellence) guidelines for antiepileptic drugs
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recommend the following as first-line and alternative first-line
medications in the indicated seizure types [18]:

For the treatment of focal seizures in children, young people and
adults, the first- line drugs are carbamazepine and lamotrigine. The
alternative first line drugs include levetiracetam, oxcarbazepine,
sodium valproate while the adjunctive treatment (if first line treatment
is not effective or not tolerated) is carbamazepine, clobazam,
gabapentin, lamotrigine, levetiracetam, oxcarbazepine, sodium
valproate, and topiramate.

For the treatment of generalized tonic clonic seizures in children,
young people and adults, the recommended first- line drugs are
sodium valproate, and lamotrigine (if sodium valproate is not
suitable). The alternative first- line drugs include carbamazepine, and
oxcarbazepine. The adjunctive treatment (if first line treatment is not
effective or not tolerated) are clobazam, lamotrigine, levetiracetam,
sodium valproate, topiramate

For the treatment of absence seizures in children, young people and
adults, the first-line medications are ethosuximide and sodium
valproate (offer first if additional tonic clonic seizures are likely). The
alternative first line treatment is lamotrigine. Adjunctive treatment (if
first line treatment is not effective or not tolerated) consists of a
combination of ethosuximide, lamotrigine or sodium valproate.

For the treatment of myoclonic seizures in children, young people
and adults, the first-line drug is sodium valproate. The alternative first-
line drugs include levetiracetam, and topiramate. The adjunctive
treatment (if first line treatment is not effective or not tolerated)
comprises levetiracetam, sodium valproate, and topiramate.

For the treatment of tonic and atonic seizures in children, young
people and adults, the first-line drug is sodium valproate. The
adjunctive treatment (if first line treatment is not effective or tolerated)
is lamotrigine.

Obviously, an important limitation of the use of the current
pharmaceuticals is that, in at least one third of patients, seizures are
refractory to the available anti-epileptic drugs [19-21]. The
phenomenon of drug resistance has not been significantly affected by
the emergence of second-generation anti-epileptic drugs, as no more
than 10-15% of patients with severe refractory epilepsy become seizure
free by treatment with these agents [22,23]. Thus, in a major review on
the current trends in anti-epileptic drug therapy, one author suggests
the following strategies to overcome these limitations: an increasing
reliance on therapeutic guidelines and evidence-based medicine; a
more rational patient-tailored selection of anti-epileptic drugs and
drug dosages; a better definition of the indications of new anti-
epileptic drugs; novel approaches to anti-epileptic drug combinations;
and the development of newer anti-epileptic drugs, novel modes of
administration, and novel therapeutic targets [24]. These strategies
have however not completely eliminated the issue of drug resistance in
childhood epilepsy. This makes the non-pharmacologic mode of
treatment an attractive option especially with the renaissance of
ketogenic diets.

Ketogenic Diets in Refractory Epilepsy: Weighing the
Benefit-Risk Ratio

A ketogenic diet is a strict diet comprising minimal carbohydrate
and protein intake and increased fat intake: usually 85% full fat, 10%
protein (sufficient for growth) and 5% carbohydrate with total energy
intake restricted to 75% of recommended daily intake and fluid intake

restricted to 80% recommended daily intake [25]. The ratio of grams of
fats to grams of protein and carbohydrates is basically 4:1. Heavy
cream, butter, and oil are some of the foods that can become staples of
children on a ketogenic diet: a diet which requires vitamin and mineral
supplementation. The ketogenic diet is used primarily as a
nonpharmacologic therapy for the control of refractory childhood
epilepsy [26]. The treatment is typically recommended when
conventional anti-epileptic drugs have failed or anti-epileptic drugs
therapy results in unacceptable side effects. About 30% of children with
epilepsy will have either of these outcomes [27]. In a published
consensus report, the International Ketogenic Diet Study Group
recommends that ketogenic diets should be strongly considered in a
child who failed to respond to two or three anticonvulsant therapies,
particularly in those patients with symptomatic generalized epilepsies
[28].

The ketogenic diet mimics the body’s response to starvation by the
utilization of fat as the primary source of energy in the absence of an
adequate dietary carbohydrate source [29]. Under normal metabolism,
the body metabolizes carbohydrates into glucose which is the fastest
source of energy for the body and typically the sole energy source for
the brain. In a fasting state, amino acids cannot provide an adequate
energy source for the brain and fatty acids cannot cross the blood-
brain barrier. The liver uses the fatty acids to produce ketone bodies,
which can cross the blood-brain barrier and substitute for glucose as
an energy source. The mechanism of how ketosis controls seizures
remains unclear; however, one theory suggests that ketones have an
anticonvulsant effect when crossing the blood-brain barrier [29].
Ketogenic diets are also being increasingly studied for neurological
disorders other than epilepsy, such as Alzheimer's disease, autism and
brain tumor; insights from basic science research have helped to clarify
the mechanisms by which metabolism-based therapy may be helpful,
in terms of both an anticonvulsant and possibly a neuroprotective
effect [30]. Although the mechanisms for the latter effect are not yet
well elucidated, it is likely that the neuroprotection results from
enhanced neuronal energy reserves, which improve the ability of
neurons to resist metabolic challenges, and possibly through
antioxidant and anti-inflammatory effects [31].

There are multiple variations of ketogenic diets, but the most
commonly prescribed are the classic ketogenic diet, the modified
Atkins diet, the low-glycemic index treatment diet, the medium-chain
triglyceride diet, and the modified medium-chain triglyceride diet
[32]. The efficacy of the diets has been demonstrated mostly in
children with generalized seizures and those between 1 and 10 years of
age [33]. Other recent systematic reviews [34,35] and a meta-analytical
study [36] have also evaluated and reported about the success and
benefits of the ketogenic diet as a therapeutic option for childhood
epilepsy: a finding which has been documented in many retrospective
and prospective studies [9,37-43]. For instance in one prospective
study [40], the change in frequency of seizures in 51 children with
intractable seizures treated with the ketogenic diet was investigated.
These children (aged 1 to 8 years, with more than 10 seizures per week,
whose electroencephalogram showed generalized epileptiform
abnormalities or multifocal spikes, and who had failed to respond to
least 2 appropriate anti-epileptic drugs) were hospitalized, fasted, and
placed on a 4:1 ketogenic diet for up to 1 year. After 6 months, 28
(55%) had at least a 50% decrease from baseline while at 1 year, 40% of
those starting the diet had a greater than 50% decrease in seizures. Five
patients (10%) were free of seizures at 1 year (Table 1). The side effects
attributed to the diet included lethargy, severe dehydration or acidosis,
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behavioral changes, susceptibility to infections, severe constipation, hypoglycemia [41], impaired mood [41], cardiomyopathy

and vomiting [40].

Initiated Diet 3 Months 6 Months 12 Months
Number on diet 45 (88) 35 (69) 24 (47)
>90% control of seizures t 13 (25) 15 (29) 11 (22)
50%-90% control of seizures 15 (29) 12 (24) 9(18)
<50% control of seizures 17 (33) 8 (16) 4 (8)
Discontinued diet 6(12) 14 (27) 23 (45)
Lost to follow-up 0 2 4

Table 1: Outcome of the ketogenic diet* [* N=51: Values are number
(percentage), + Numbers free of seizures were the following: 6 (3
months), 6 (6 months), and 5 (12 months)].

Similar findings were documented in the first randomized
controlled trial to test the efficacy of the diet in drug-resistant epilepsy
[9]. The researchers enrolled 145 children who were aged between 2
and 16 years; had at least daily seizures (or more than seven seizures
per week); had failed to respond to at least two antiepileptic drugs; and
had not been treated previously with the ketogenic diet. Seventy three
children were assigned to the ketogenic diet group and 72 children to
the control group. After 3 months, the mean percentage of baseline
seizures was significantly lower in the diet group than in the controls
(62.0% vs 136.9%, 75% decrease, 95% CI 42.4-107.4%; p<0.0001).
Twenty eight children (38%) in the diet group had greater than 50%
seizure reduction compared with four (6%) controls (p<0.0001), and
five children (7%) in the diet group had greater than 90% seizure
reduction compared with no controls (p=0.0582). The most frequent
side-effects reported at 3-month review were constipation, vomiting,
lack of energy, and hunger [9]. Furthermore, other studies have
reported various degrees of improvement in seizure control among
pediatric patients with refractory epilepsy. In one retrospective study
[43], seizure control improved in 67% of the patients while in another
prospective study [42], the workers documented that the mean seizure
frequency decreased from 25 per day to less than 2 per day after one
year of the diet. In another retrospective study of 32 infants treated
with the diet, its overall effectiveness was noted to be similar to that
reported for older children [38]. For instance, 19.4% of these infants
became seizure-free, and an additional 35.5% had >50% reduction in
seizure frequency; the diet was particularly effective for patients with
infantile spasms/myoclonic seizures, and was generally well-tolerated
with 96.4% maintaining appropriate growth parameters [38].
Improvements in behavior and function, alertness, activity level, and
socialization were also reported. However, side effects occurred in one
patient each and included renal stone, gastritis, ulcerative colitis,
alteration of mentation, and hyperlipidemia.

With the global demonstration of the therapeutic benefits of
ketogenic diets and the possible paradigm shift from anti-epileptic
drugs, evaluating the risk profile of the diet is very important in
establishing its benefit-risk ratio. Despite its proven benefits,
multifaceted side effects have been reported in several studies, and in
summary consist of gastrointestinal disturbances (diarrhea, vomiting,
nausea, constipation, gastro-esophageal reflux) [44-46], nephrolithiasis
(47,48], poor growth in children [46,49-52], increased bruising [53],
osteopenia/osteoporosis [51,54], sepsis and bacterial overgrowth
[41,45,54], pneumonia [44,45,47,54], acute pancreatitis [45,54,55],

(41,44,54,56], as well as hypercholesterolemia/hypertriglyceridemia
[41,44,54].

Apart from these side effects, patient compliance is another major
challenge; it mainly depends on the types of ketogenic diet and the age
group of the patients [28]. Specifically, children who are fed by the
enteral route usually demonstrate very high compliance rates, whereas
a diet with a fat: non-fat ratio of more than 4.5: 1 usually leads to poor
compliance [28]. Older children and adolescents usually show
difficulty adhering to the strict diet ratio of 4:1. Thus, a lower fat: non-
fat ratio is often used in this population [28]. Nonetheless, the risk
profile of and patient poor compliance to the strict ketogenic diet have
not precluded its acceptability. The diet appears to be culturally
acceptable to the caregivers once modified to include food items from
their environmental setting. Recently, the Keilah Foundation (a non-
governmental organization) has successfully used the ketogenic diet to
manage children with epilepsy in South Africa; the diet has also been
successfully implemented in Uganda where locally-available and
familiar food stuffs were utilized [57]. The typical ketogenic diet that is
viable to follow in Uganda is based on the local food products namely
beans with cabbage and mukene (a fish caught in Lake Victoria). The
recipe consists of 14 g red kidney beans, 25 g butter, 9 g dried mukene,
10 g oil, 14 g cabbage and 14 g cream [57]. Interestingly, this finding
may be the propelling force to drive the acceptability of the ketogenic
diet beyond the Western world to the developing world, and to
promote nutraceuticals as the new paradigm in the treatment of
refractory childhood epilepsy.

Conclusion

Following the rebirth of the use of the ketogenic diet as a
therapeutic option in drug-resistant childhood epilepsy, pediatric
neurologists now consider it as possible first-line therapy in infantile
spasms and status epilepticus. Although the diet is often prescribed
alongside one or more anti-epileptic drugs, its efficacy as a sole
therapeutic agent has been well documented in several studies. Like
anti-epileptic drugs, several short-term and long-term side effects have
also been reported; but these treatment challenges have not made the
ketogenic diet a less attractive option. Nevertheless, the diet should still
be used as an adjunctive therapy with the first-line or second-line
antiepileptic drugs in the management of refractory seizures. To
promote its global acceptability, the components of the diet should be
modified to include locally-available food stuffs; this local adaptation
has been implemented in Uganda, eastern Africa.
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