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Introduction

Epilepsy is generally deemed intractable or refractory
to treatment if the use of two or more appropriately
chosen antiepileptic drugs (AEDs) fails to adequately
control seizures. The AEDs in question must be at the
maximum tolerated doses, at a sufficient therapeu-
tic level and not be discontinued due to side effects.
A less commonly used definition of intractability
requires monthly seizures for a period of 18 months.!
Despite optimal medical management with appropri-
ate AEDs, 20%—-30% of adults and 10%—-40% of chil-
dren diagnosed with epilepsy continue to suffer from
seizures.”® Furthermore, after the failure in efficacy
of two AEDs, the chance of achieving seizure free-
dom by introducing subsequent drug regimens has
been shown to be less than 10%.%% 1

Intractable epilepsy is a significant problem for
the quality of life (QOL) of the individual patients.
Persistent seizures heavily impact on the patients’
behavior, cognitive ability and psychosocial
well-being. It has been shown that this condition
can lead to poor academic achievements, increased
probability of unemployment, low self-esteem, anxi-
ety and depression, social isolation and ultimately to
decreased quality of life."*!* In addition, the unre-
mitting seizures can pose a significant financial
burden, with patients suffering from poor seizure
control reported to represent approximately 25% of
epilepsy cases but accounting for greater than 85%
of epilepsy associated costs, mainly due to repeated
hospital admissions and extensive investigations.'
Further to the financial burden, patients with refrac-
tory seizures have higher mortality rate than patients
whose seizures are well-controlled, who have mor-
tality rates comparable to the general population.'¢
This is likely to be due to differences in the under-
lying etiology rather than the effect of seizures “per
se”. Patients with refractory seizures have higher
rates of structural abnormalities or inborn errors of
metabolism (IEM). In addition, sudden unexpected
death in epilepsy (SUDEP) is forty times more com-
mon in patients who continue to suffer from seizures
compared to patients who are seizure free."’

The number of new AEDs has significantly
increased in the last 20 years, effectively doubling the
number of anticonvulsants available for physicians to
prescribe. Whilst the efficacy of new molecules in
controlling seizures has not dramatically increased,

safety and tolerability profiles are significantly better
than for the older AEDs. Many of the new drugs
have novel mechanisms of action and exhibit fewer
drug-interactions.

When considering the most appropriate choice
of treatment, it is essential to be confident about the
diagnosis and underlying etiology. This is of particu-
lar importance in children with refractory epilepsy,
a large proportion of whom present specific age-
dependent epilepsy syndromes. Accurate identifica-
tion of the epilepsy syndrome is the foundation for the
choice of an appropriate treatment and increases the
likelihood of seizure remission.'® In some instances,
identifying etiologies can radically alter the potential
treatment options, for example metabolic treatments
such as the ketogenic diet for epilepsies resulting
from IEM."” Surgery may be the most appropriate
treatment option in some cases, especially where
strong evidence exists for its efficacy, such as for the
anterior temporal lobectomy in drug-resistant tem-
poral lobe epilepsy.”” However, the most appropriate
timing for surgery remains debated. When surgery
i1s not a suitable treatment option, neurostimulation
therapies such as vagus nerve stimulation (VNS) may
be considered.

This review will outline the evidence for the use of
different treatment options for patients with intracta-
ble seizures. Whilst the focus will be on the pharma-
cological options, we will also review the extent and
quality of evidence supporting the efficacy of surgi-
cal, metabolic, neurostimulatory and herbal interven-
tions in the context of the associated side-effects,
safety and patient preferences. When appropriate, the
costs of the interventions will also be discussed.

Pharmacological Options

Before considering any changes to pharmacologi-
cal treatment in a patient with refractory seizures,
confirmation that the events are epileptic in origin is
essential. It is estimated that up to 30% of patients
seen in specialist epilepsy clinics present with non-
epileptic attacks alone or in combination with epi-
leptic seizures.?! In these patients, the prescription of
AEDs is often inappropriate and can lead to signifi-
cant side effects, in addition to the financial burden to
the health services. In many patients with refractory
seizures, video-electroencephalography (video-EEG)
monitoring is essential to characterize the events and
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reach diagnostic conclusions with a high level of
confidence.

A better understanding of the underlying etiol-
ogy can inform treatment decisions and lead to opti-
mal seizure control over a shorter time period. This
is also the case for patients who suffer from a spe-
cific epilepsy syndrome, for whom the importance
of correct classification at an early stage should
also be emphasized. The correct identification and
classification of seizures and epilepsy types allows
evidence-based choice of syndrome-specific or
etiology-specific treatment intervention, as is the case
for Valproate treatment as a first line agent in juve-
nile myoclonic epilepsy.'® This stepwise approach to
correct diagnosis and subsequent treatments options
is outlined in Figure 1.

Patients with refractory seizures have, by defini-
tion, tried at least two appropriate AEDs and their

Is there confirmation that the events are
epileptic in origin?

Is there epilepsy syndrome or seizure type
well defined?

I It

Optimise AED monotherapy
based on evidence for
seizure type or syndrome-
specific efficacy.

¥

Prescribe an alternative
1st line or 2nd line AED.

Consider polytherapy.

3

Consider neurostimulation,
surgery, metabolic therapy Palliative care with an aim to

of new AEDs in clinical C> improve QOL.
trials.

Consider video-EEG
monitoring for improved
diagnostic accuracy.

Consider surgery as an
:> early option if appropriate for
W epilepsy type.

Figure 1. Stepwise approach for evaluation and treatment of a patient
with refractory seizures.

seizures have failed to be adequately controlled.
At this point the physician faces the decision to either
add a further AED to the current treatment or to pur-
sue sequential monotherapy. If sequential monother-
apy is chosen, the drugs that are failing to control
seizures are slowly tapered off and replaced with dif-
ferent AEDs which can potentially improve seizure
control. Sequential monotherapy was the main treat-
ment paradigm from the 1970s through to the 1990s,
when sodium channel blocking AEDs were the only
treatment option. Combining drugs with the same
mechanism of action lead to a slightly better seizure
control, but at the expense of a marked increase in
adverse drug interactions and pharmacodynamic
amplification of side effects.?> This practice changed
in the 1990s, when new AEDs were introduced with
novel mechanisms of action. These drugs exhibited
fewer pharmacokinetic interactions, exhibited fewer
side effects when combined and raised the possibil-
ity of synergistic drug combinations. Clinical prac-
tice over the past 20 years has been characterized by
“rational polytherapy”: numerous drug combinations
have been considered and a wealth of evidence on which
combinations are most effective and where drug inter-
actions are most likely to occur has accumulated.”

When contemplating polypharmacy for a patient
with epilepsy, it is important to consider the concept
of “total drug load” in addition to the number of drugs
being prescribed. Although general agreement on the
definition has not been reached, drug load is usually
defined as the total amount of drug exposure for a
treatment regimen, and has been quantified as the pre-
scribed daily dose of AED(s) divided by the defined
daily dose for the AED(s) as outlined by the World
Health Organization. Drug load has been demonstrated to
correlate with the number of adverse events better
than the number of AEDs being prescribed.*

It has been argued that for the use of multiple AEDs
to be rational, the combination of two drugs must
provide supra-additive therapeutic efficacy, whereby
the combined efficacy of the two drugs is greater
than when the drugs are given alone. Alternatively,
combining AEDs may be more advantageous than
prescribing monotherapy at standard doses if they
demonstrate simple additive efficacy but less than
additive side effects. However, pharmacokinetic
drug interactions often contraindicate specific drug
combinations.
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Some of the traditional AEDs, including
Phenobarbital, Phenytoin and Carbamazepine are
metabolized in the liver and are potent inducers of the
cytochrome P450 (CYP450) system. These drugs act
by blocking voltage-dependent sodium channels pre-
venting the repetitive and uncontrolled neuronal dis-
charges seen in epilepsy. Phenobarbital, in addition,
enhances GABA mediated inhibition, which further
acts to prevent the repetitive neuronal firing.” In the
developed world, Phenobarbital is now prescribed
rarely due to its sedative side effect profile. However
due to its relatively low cost it is regularly prescribed
in developing countries. All of the drugs described
above induce hepatic enzymes and decrease the
serum concentration of additional AEDs that may be
prescribed. As a consequence of this effect, each drug
may impede the other, by preventing effective serum
concentrations being reached.? It is therefore advised
that the combination of an enzyme-inducing AED with
another AED which is metabolized in the liver requires
particular caution. Interactions with other medications
should also be considered when prescribing hepatic
enzyme inducing drugs, particularly in patients taking
exogenous contraceptive hormones, immunosuppres-
sant therapy, a number of corticosteroids and some
antineoplastic chemotherapeutic agents, all of which
can be the subject of enzyme-induction. Physicians
should also be aware of the additional adverse effects
that enzyme-inducing drugs can produce, includ-
ing secondary hyperparathyroidism, reduced serum
testosterone concentrations, menstrual irregularities
and elevated cholesterol levels, which may impact on
a patient’s cardiovascular disease risk. Consequently,
it has been suggested that the older, enzyme-inducing
AEDs should not be considered as first-line treat-
ment options for patients with refractory seizures.?
Among older AEDs, Valproate is characterized by a
number of mechanisms of action, including sodium
channel blockade and potentiation of GABA medi-
ated inhibition. It is also metabolized by the liver, but
has no enzyme-inducer properties.

The newer AEDs, including Gabapentin, Leve-
tiracetam, Pregabalin, Vigabatrin, Lamotrigine,
Oxcarbazepine, Topiramate and Zonisamide, are
characterized by a more favorable tolerability pro-
file, as their hepatic enzyme induction properties are
minimal or absent. Many of these drugs have novel
or unknown mechanisms of action and demonstrate

similar levels of efficacy and fewer side effects, less
adverse pharmacokinetic drug interactions and are
tolerated better by patients.”> When compared to
Carbamazepine in double-blind randomized con-
trol trials for treatment of partial onset seizures,
Gabapentin, Lamotrigine and Oxcarbazepine were
found to have an similar efficacy but better levels of
tolerability.>”*

Until recently, direct comparison studies in
treatment-refractory epilepsy populations have been
sparse. A recent systematic review and meta-analysis
of studies on patients with refractory partial epilepsy
suggested that Topiramate and Levetiracetam have a
greater efficacy in controlling seizure frequency than
the other new AEDs.*® The same study found that
Gabapentin is likely to be less effective than other
new AEDs. In terms of tolerability, Oxcarbazepine
and Topiramate were associated with significantly
more withdrawals and therefore more poorly toler-
ated than the other new AEDs. Gabapentin and Leve-
tiracetam, on the other hand, were associated with
significantly fewer withdrawals and were therefore
better tolerated. It should be noted that these conclu-
sions were based on indirect comparisons and should
be treated with caution.

Although the newer AEDs exhibit fewer side
effects than traditional AEDs, the potential for signif-
icant cognitive and behavioral side effects should be
considered when prescribing. Drugs that have a mech-
anism of action involving the potentiation of GABA
mediated inhibition such as Vigabatrin, Tiagabine,
Topiramate and Gabapentin have been associated
with sedation and negative effects on mood. Some
patients who are prescribed these AEDs are at risk
of developing depression as a side effect, especially
patients with a past psychiatric history.*! Topiramate
has been associated with unfavorable cognitive
effects, including impaired concentration, psycho-
motor slowing, language regression, comprehension
problems and memory deficits.’? Other new AEDs
which act by inhibiting the glutamatergic excitatory
neurotransmission have been associated with an ‘acti-
vating’ effect, with improved mood but potentially
anxiogenic effects. Taking advantage of these proper-
ties, Lamotrigine may be considered in patients with
concomitant depression, apathy and hypersomnia.®!
In addition, psychotic symptoms have been reported
as adverse events following AED administration,
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especially with Topiramate and Levetiracetam,
although the extent that the medication plays in pro-
ducing these symptoms remains uncertain.* It is rec-
ommended that baseline mood and cognitive ability
is taken into account when deciding which AED to
prescribe in refractory patients, in order to minimize
any impact that prescribing may have on mood and
cognition. This will improve AED tolerability and
ensure the minimum detrimental impact on QOL.

In addition to the above evidence, clinical stud-
ies on polytherapy are informative when considering
using acombination of AEDs. One study on 47 patients
with cognitive impairment showed that seizures were
controlled more effectively by a combination of Phe-
nobarbital and Phenytoin or Phenobarbital and Car-
bamazepine, than by Phenytoin and Carbamazepine
combination.** This suggested that a combination of
two sodium-channel blocking AEDs does not improve
seizure control significantly. Other studies indicate
that a combination of Carbamazepine and Valproate
or Carbamazepine and Vigabatrin is more effective in
seizure control than a combination of Carbamazepine
and Phenytoin, although these studies were not con-
trolled for drug concentration.*** The AED combina-
tion for which there is the most convincing evidence
i1s Lamotrigine and Valproate. A large study aiming to
assess the efficacy of Lamotrigine monotherapy also
evaluated the effect on seizure control whilst taking
Lamotrigine as add-on to the first AED (Carbam-
azepine, Phenytoin or Valproate). This study showed
that patients who were taking Lamotrigine and Val-
proate experienced an 83% reduction in seizures,
whilst those taking the Lamotrigine and Carbam-
azepine or Lamotrigine and Phenytoin combinations
experienced only a 43% and 34% reduction in sei-
zures, respectively.’” These findings should be inter-
preted with some caution, however, as different doses
of Lamotrigine were used in each combination.

Non-Pharmacological Options

Surgery

For resective surgery to be a viable option, the patient
with treatment-refractory epilepsy should ideally have
a single epileptogenic focus in a non-eloquent corti-
cal region (ie, not involved in key language, memory
or motor processes). It should be noted that excep-
tional cases do exist, where larger resections such as
hemispherectomies are acceptable if the seizures are

severe and the benefit gained from such surgery can
be justified.*® Major surgery such as corpus calloso-
tomy can be considered as last treatment option in
palliative care for patients with intractable seizures.
This invasive intervention is usually aimed at pre-
venting secondary generalization in patients who are
regularly experiencing loss of consciousness and a
high frequency of seizure-related injuries.

Most epileptologists consider surgical manage-
ment as second line therapy for patients with intrac-
table seizures.*” This is especially true for patients
with drug-resistant temporal lobe epilepsy (TLE), for
whom temporal lobectomy can represent an effective
treatment option. A randomized control trial found
that 58% of patients randomly allocated to surgery
for temporal lobe resection did not present with any
seizures which impaired consciousness after one year,
compared to 8% in the treatment arm receiving the
optimum medication regimen (P < 0.001).%° A multi-
center study which followed 339 patients with epilepsy
for 2 years post-operatively showed that temporal
lobe resection is the most effective type of resective
surgery in this patient population: 68% of the patients
who received temporal lobectomies experienced sei-
zure remission for 2 years, compared to 50% of the
patients who underwent extratemporal resections.*
Another non-randomized controlled study which fol-
lowed up patients with refractory seizures, assigned
either to surgical treatment or continued drug therapy,
found that 44.6% of 242 patients with pharmacoresis-
tant TLE who received surgery were seizure-free for
12 months, compared to 4.3% of those who received
AEDs only (P < 0.001).*" It should be emphasized,
however, that not all patients with TLE have the same
probability of achieving seizure freedom through
temporal lobe resection. A meta-analysis of 83 studies
including 7,343 patients undergoing epilepsy surgery
showed that the proportion of patients experiencing
seizure freedom for at least 5 years post-operatively
was highest in those who underwent temporal lobe
resection (66%), even though a substantial propor-
tion of patients undergoing occipital, parietal or
frontal lobe resections demonstrated post-operative
seizure freedom (46%, 46% and 27% respectively).*
It should be noted that post-operative seizure free-
dom for the first few years following surgery might
not persist long-term. Isolated relapses can still occur
many years after the procedure, with a probability
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of seizure relapse of 4% per year for the 5 years
following surgery.” Overall, patients with structural
abnormalities apparent on pre-operative imaging stud-
ies, such as hippocampal sclerosis or foreign tissue
lesions are more likely to experience post-operative
seizure freedom compared to patients with no obvi-
ous lesion.*

When considering surgery for refractory epilepsy,
there are a number of risks that need to be taken into
account alongside the potential benefits. The surgery
itself can cause a substantial period of disability,
with patients typically having to take 4-8 weeks off
work or school.” The most common medical com-
plications are deep vein thrombosis, infection and
transient endocrine abnormalities. Psychiatric com-
plications are reported post-resection in 25% of the
patients, including transient dysphoria, depression
and occasionally mania.*® Although less commonly
reported, permanent neurological and neuropsy-
chological complications can result from resective
surgery. These differ depending on the site of resec-
tion, and tend to be more common and disabling if
the site is close to areas of the cortex involved in
key cognitive functions. Furthermore, the proce-
dure has the possibility to create new lesions which
may become epileptogenic and trigger subsequent
seizures.*” On the other hand, patients are often with-
drawn from AEDs following surgery, and therefore
relieved from many of the adverse effects of these
medications.

Surgical procedures are generally considered after
the failure of two appropriate drug regimens, although
the number of unsuccessful trials with AEDs, alone or
in combination, before considering surgery remains a
matter of debate.””** When contemplating surgery, it
is important to assess the likelihood of seizure remis-
sion using further drug regimens compared to surgi-
cal resection, whilst considering the risks associated
with such procedures. Although current evidence
suggests that temporal lobe surgery is the most effec-
tive treatment option after the failure of two AEDs,
the same cannot be said for other surgical procedures,
such as frontal lobe resection, whereby the overall
benefit from surgery may not be greater than trying
alternative drug regimens. In these cases, the risks
for each treatment option should be weighed up on a
case-by-case basis until more definitive data is avail-
able to guide therapeutic decisions.

Neurostimulation

Patients with intractable epilepsy who are not suit-
able for epilepsy surgery or those who continue to
experience seizures post-operatively may benefit from
neurostimulation. This treatment option for patients
with intractable epilepsy involves electrical stimula-
tion of the nervous system using surgically implanted
devices, or non-invasive stimulation as is the case for
repetitive transcranial magnetic stimulation (rTMS).
Vagal nerve stimulation (VNS) therapy is the only
neurostimulation method to have received approval
by the USA Food and Drug Administration, whilst
both VNS and deep brain stimulation (DBS) are
approved for use in patients with refractory epilepsy
in the UK.

In VNS therapy, intermittent electrical stimulation
is delivered to the left vagus nerve, which has ascend-
ing fibers with widespread connections to the limbic,
autonomic and reticular brain regions. The reduced
thalamic blood flow that is observed in VNS has
been proposed to underlie the mechanism for seizure
reduction.™

In addition to a number of retrospective studies,
efficacy for this treatment option has been dem-
onstrated in two randomized, placebo-controlled,
double-blind trials, which reported a median seizure
reduction of 24.5%—28.0% in the group receiving high
level VNS compared to just 6.1%—15.0% in patients
receiving low level VNS (P = 0.01 and P = 0.04,
respectively).’>> The risks associated with implan-
tation of the VNS device are relatively low, with a
3%—5% chance of infection.”*>* Vocal cord dysfunc-
tion, throat discomfort, change in voice quality and
sleep apnea can present post-operatively, and such
consequences should be discussed with the patient
when considering this treatment. An additional fac-
tor that should be considered when planning VNS
therapy is that patients are usually unable to undergo
magnetic resonance imaging (MRI) after implanta-
tion, since the changing magnetic fields may induce
electrical currents in the device.*

DBS involves electrical stimulation of specific
subcortical nuclei, which have widespread neural
connections. The anterior nucleus of the thalamus is
often the target of DBS due to its widespread pro-
jections to the limbic system. In a randomized con-
trolled trial of 109 patients with refractory epilepsy who
had DBS electrodes implanted in the anterior nucleus
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of the thalamus there was a 29% greater reduction
in seizures for 54 patients who had the stimula-
tor switched on compared to 55 patients who had
their stimulation turned off after a blinded period
of 3 months (P = 0.002).”” Infection, hemorrhage
and stimulation-induced seizures were amongst the
most frequently reported complications. In the same
study, impaired memory and higher levels of depres-
sion were observed in the group receiving the active
treatment. DBS has been recently licensed in the
UK, and NICE guidelines suggest that this method
should be used in highly selected cases, due to the
lack of efficacy data and the associated risks.’® The
centromedian nucleus is also a potential location for
DBS, since it is part of the reticulo-thalamo-cortical
system which is involved in mediating cortical excit-
ability and wakefulness. One double-blind cross-
over trial reported a 30% reduction in generalized
tonic-tonic seizures when the device was turned on
compared to when it was off, although this change
was not significant, possibly due to the small sample
size of 7 patients.”” Further evidence for centrome-
dian nucleus stimulation efficacy can be found in a
longitudinal study which reported good efficacy for
generalized tonic-clonic seizures, atypical absences
and tonic seizures, however caution should be taken
in interpreting these findings because of the lack of
control groups.®

Unlike other methods of neurostimulation, respon-
sive neurostimulation (RNS) does not deliver electri-
cal stimulation at specific frequencies throughout the
day. Instead, the RNS device is composed of a com-
bined recorder and stimulator device, which detects
clinically relevant epileptiform discharges and deliv-
ers an appropriate electrical stimuli in response.
Arecent multicenter double-blind randomized controlled
trial in adults with intractable partial seizures demon-
strated a reduction in seizure frequency of 37.9% in
the treatment arm compared to 17.3% in the control
group (P =10.012).°

The fourth and only non-invasive neurostimulation
technique, low frequency rTMS, is thought to sup-
press cortical excitability either via inducing long term
depression or alternatively by enhancing GABAergic
inhibition.®* Although evidence for its efficacy is lim-
ited, a number of small-scale studies suggest antiepi-
leptic properties (see Fregni and Pascual-Leone for a
comprehensive review).%

Metabolic treatment

Over the past century, the efficacy of dietary thera-
pies for intractable seizures has increasingly been
recognized. Currently there are four main types of
metabolic therapy in use for the reduction of seizures.
Three of these have a high fat content and low car-
bohydrate content—the classic ketogenic diet, the
medium chain triglyceride (MCT) diet and the modi-
fied Atkins diet (MAD)—and the fourth controls the
carbohydrate quality, the low glycemic index treat-
ment (LGIT). These treatments are usually consid-
ered in patients with intractable epilepsy who have
failed to respond to several AEDs and are not suitable
candidates for surgery.

The classic ketogenic diet is a high fat and low
carbohydrate diet that uses long chain fatty acids
(LCFAs) as its main source of fat. Typically the patient
must consume 3—4 grams of fat for every 1 gram of
carbohydrate plus protein. As a result, between 86%
and 90% of the calories from this diet are provided
from lipids.** The MCT diet provides more ketones
per calorie consumed than in the classic ketogenic
diet, which uses mainly LCFAs. In MCT, more car-
bohydrates and proteins can be consumed for every
gram of fat. The MAD recommends increased con-
sumption of foods high in fat whilst restricting the
amount of carbohydrates. Unlike the classic keto-
genic and MCT diets, there is no limit on the amount
of protein consumed or the total number of calories
per day.®® The typical MAD uses a ratio of 1 gram
of fat for every gram of carbohydrate plus protein,
and consequently is less restrictive than the other two
high fat diets. The LGIT restricts carbohydrate intake
to food items with a glycemic index of less than 50 at
40-60 grams per day, in order to prevent large fluc-
tuations in blood glucose concentrations, which are
thought to exacerbate seizures.*

There is a large body of evidence demonstrat-
ing the efficacy of the metabolism-based therapies
for refractory seizures, with the majority focusing
on the classic ketogenic diet. Two meta-analyses of
observational studies showed that 15.6%—-15.8%
of patients on the diet can achieve seizure freedom
whilst 33.0%—55.8% of the patients can have a >50%
reduction in number of seizures.®” One of the only
randomized controlled trials to investigate the effi-
cacy of the classic ketogenic diet followed children
with intractable or focal-onset epilepsy who were

Journal of Central Nervous System Disease 2012:4

111


http://www.la-press.com

Mitchell et al

¢,

randomized to a ketogenic diet or continuation of a
normal diet for a 3-month period. Of the patients who
received the ketogenic diet, 38% had a seizure reduc-
tion of >50%. This was significantly greater than
the control group, where only 6% had >50% seizure
reduction (P < 0.001).® The results of a follow-up
study comparing the effectiveness of the LCFA ver-
sus the MCT diet suggest there is no increased benefit
using either of the two diets for seizure reduction.®

Despite the lack of prospective randomized con-
trol trials, the MAD has also demonstrated substantial
efficacy in controlling seizures. Of the patients who
have been studied on the MAD, 45% have demon-
strated 50%—-90% seizure reduction and 28% have
>90% seizure reduction. Similar results have been
reported in two retrospective studies of the LGIT,
with 38%—73% of patients achieving >50% seizure
reduction.”®" The best candidates for the MAD tend
to be adults and adolescents, for whom compliance
on the LCFA and MCT diets is an issue.* This is
because the food consumed on the MAD is similar
to that being consumed by peers. The same can be
said about the LGIT, which in addition can be con-
sidered for patients who find the other 3 high-fat diets
unpalatable.

There is a body of evidence suggesting that
metabolism-based therapy can be considered earlier
in the treatment plan for patients with specific epi-
lepsy syndromes. One notable example is West syn-
drome (infantile spasms), where the ketogenic diet is
successfully used as a first line agent.”” The same diet
is also thought to be especially effective in unspeci-
fied symptomatic generalized epilepsy, multifocal
epilepsy, juvenile absence epilepsy, continuous spike
and slow wave of sleep, myoclonic-astatic epilepsy
(MAE or Doose syndrome), severe myoclonic epi-
lepsy of infancy (Dravet syndrome), and seizures
in patients with Tuberous Sclerosis Complex and
Landau-Kleffner syndrome.®**7 Ketogenic diets are
also recommended for patients suffering from glu-
cose transporter defects and pyruvate dehydrogenase
deficiency, who are unable to utilize glucose for brain
metabolism.”¢

The most common side effects of dietary treat-
ments are constipation, acidosis, temporary hyperc-
holesterolemia, kidney stones and hunger.** Growth
restriction has also been observed in children.”’
The ketogenic diet is contraindicated in patients who

are unable to use ketone bodies as an energy source or
those who require high levels of glucose. Such con-
ditions include pyruvate decarboxylase deficiency,
primary carnitine deficiency, fatty acid oxidation
abnormalities, the porphyrias and some mitochon-
drial disorders.™

Generally, as with AEDs, it is suggested that after
adhering to dietary therapy for a period of 2 years, the
treatment should slowly be tapered off. Many patients
who become seizure free whilst adhering to the diets
remain seizure free off the diet. This has been dem-
onstrated in one study, which reported the risk of sei-
zures recurring when stopping the diet at only 20%."
It has been hypothesized that the dietary therapies
have a long-term, disease modifying effects, although
the observed phenomenon could just be explained by
the natural history of the seizure disorder.%

In addition to showing high levels of efficacy,
similar to many AEDs, the dietary interventions are
generally quite tolerable, can have associated posi-
tive effects such as weight loss,*” and demonstrate
effectiveness in a relatively short time period. Whilst
AEDs may take several weeks to be titrated up to a
therapeutic dose and VNS may take months or years
to show an optimal effect,®’ the effects of a ketogenic
diet can be seen within a few days. Furthermore, the
diets are cost effective compared to many AEDs.*
In practice, a median of 5 AEDs are prescribed before
considering a metabolic treatment such as the keto-
genic diet.* Furthermore, 60% of child neurologists
only use a ketogenic diet as a last resort treatment.
It is therefore suggested that the metabolic treatments
should be considered earlier in the course of treat-
ment, especially in patients with refractory seizures
who are not suitable for or willing to undergo resec-
tive surgery.

Herbal remedies

Herbal treatments are generally viewed as alterna-
tive and complementary forms of medicine by both
patients and physicians. There is, however, a small
body of evidence demonstrating the effectiveness
of some herbs at controlling seizures. Out of all
the herbal treatments, cannabinoids have the larg-
est body of evidence supporting their use as anti-
convulsants. One randomized, double-blind controlled
trial reported 50% of patients with secondary gen-
eralized epilepsy receiving Cannabidiol becoming
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virtually seizure-free for the duration of the study.
However, only 15 patients were included and to our
knowledge no follow-up study has been performed.
The use of Cannabis for epilepsy has been legalized
in Canada and licensed in 14 states within the United
States, although it is prohibited in most European
countries.*> Huperzine A. has been shown to be
effective in animal models of epilepsy, and a clinical
trial to assess its effectiveness has been planned.***’
There is also laboratory data supporting the efficacy
of kava (Piper methysticum) and mistletoe (Viscum
sp), but no clinical evidence exists to support their
use. A number of other herbal treatments that are
commonly used to treat seizures have either been
shown to have no effect on the severity of seizures,
or in fact demonstrate proconvulsant properties and
exacerbate the condition. In addition, much evi-
dence is anecdotal, or when clinical studies have
been performed, these often display poor methodol-
ogy and do not have sufficient levels of statistical
power to make firm conclusions from. Further, good
quality evidence in the form of controlled trials is
required to justify the use of herbal treatments in a
clinical setting (see Pearl et al for a comprehensive
review).%

Conclusions

Patients with treatment refractory seizures continue
to represent a large proportion of patients diagnosed
with epilepsy. The fact that recurrent seizures and
associated side effects from AEDs significantly
impact on patient’s QOL means that treatment deci-
sions should be made in light of the best evidence
for improved seizure control, enhanced QOL and
the greatest tolerability profile. Confirmation that
the events are epileptogenic in origin and early
identification of an underlying etiology or specific
epilepsy syndrome is essential to guide appropriate
treatment for which syndrome or etiology specific
efficacy exists. This may be in the form of mono-
therapy, polytherapy or alternative treatment options
including surgery, neurostimulation, metabolic
treatments and herbal remedies. Despite the fact that
decisions to alter a treatment regimen may be influ-
enced by local availability and funding, physicians
should balance the evidence for efficacy in seizure
reduction with the associated risks, side effects and
patient preference.
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