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Abstract: Despite the development of new antiepileptic drugs (AEDs), ~20%–30% of people 

with epilepsy remain refractory to treatment and are said to have drug-resistant epilepsy (DRE). 

This multifaceted condition comprises intractable seizures, neurobiochemical changes, cognitive 

decline, and psychosocial dysfunction. An ongoing challenge to both researchers and clini-

cians alike, DRE management is complicated by the heterogeneity among this patient group. 

The underlying mechanism of DRE is not completely understood. Many hypotheses exist, and 

relate to both the intrinsic characteristics of the particular epilepsy (associated syndrome/lesion, 

initial response to AED, and the number and type of seizures prior to diagnosis) and other phar-

macological mechanisms of resistance. The four current hypotheses behind pharmacological 

resistance are the “transporter”, “target”, “network”, and “intrinsic severity” hypotheses, and 

these are reviewed in this paper. Of equal challenge is managing patients with DRE, and this 

requires a multidisciplinary approach, involving physicians, surgeons, psychiatrists, neuropsy-

chologists, pharmacists, dietitians, and specialist nurses. Attention to comorbid psychiatric and 

other diseases is paramount, given the higher prevalence in this cohort and associated poorer 

health outcomes. Treatment options need to consider the economic burden to the patient and 

the likelihood of AED compliance and tolerability. Most importantly, higher mortality rates, 

due to comorbidities, suicide, and sudden death, emphasize the importance of seizure control 

in reducing this risk. Overall, resective surgery offers the best rates of seizure control. It is not 

an option for all patients, and there is often a significant delay in referring to epilepsy surgery 

centers. Optimization of AEDs, identification and treatment of comorbidities, patient education 

to promote adherence to treatment, and avoidance of triggers should be periodically performed 

until further insights regarding causative pathology can guide better therapies.
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Introduction
Epilepsy is one of the commonest neurological conditions,1 with an estimated 

prevalence of 0.5%–1%.2 Patients with epilepsy who have seizures that do not success-

fully respond to antiepileptic drug (AED) therapy are considered to have drug-resistant 

epilepsy (DRE). The definition for DRE varies, but generally, two appropriate and 

tolerated AED schedules, whether as monotherapies or in combination, must have 

been trialed before this term can be applied.3 The condition has also been referred 

to as intractable, pharmacoresistant, or medically intractable epilepsy; however, 

intractable seizures are merely one manifestation of DRE. Equally as relevant are the 

neurobiochemical changes, cognitive decline, and psychosocial dysfunction compris-

ing important components in this multifaceted condition.4

Significant interindividual variation among patients with DRE poses a challenge 

to researchers and clinicians alike. For example, some epilepsy patients have multiple 
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seizures per day, reduced to one per day with treatment. 

Other individuals have one seizure per month, reduced to 

years between seizures with appropriate therapy. In both 

cases, AED treatment reduces seizure frequency but does 

not completely stop the individual from having seizures. 

Therefore, should a diagnosis of DRE be made? Similarly, 

the severity of seizures is less commonly considered in the 

definition of DRE.5 Confounding this are external factors 

that can contribute to a misdiagnosis of DRE and subsequent 

mismanagement. Seizures in the setting of sleep deprivation, 

intercurrent illness, or menstruation should not prompt an 

immediate change of an AED, and all attempts to exclude 

mimics, such as psychogenic non-epileptic seizures (PNESs), 

should be made.

The heterogeneity among DRE patients makes compari-

son of trials and defining practice guidelines fraught with 

difficulty; thus, a precise definition of what constitutes DRE 

remains elusive. A more recent proposal by the International 

League Against Epilepsy has lessened the ambiguity around 

diagnosing DRE. For an AED to be deemed effective, there 

should be a seizure-free period of a minimum of three times 

the longest pretreatment inter-seizure interval, or 12 months, 

whichever is longer.3 Additionally, the AED or intervention 

trialed to help achieve a seizure reduction must be applied 

for an adequate period of time, be selected appropriately for 

the individual’s seizure or epilepsy type, and be prescribed 

at a sufficient dose. There are no standardized parameters for 

what period of time is “adequate”, but generally, it is accepted 

that a minimum of 6 months is necessary.6 Nor is there a 

clinically effective dose range available for every AED, as 

this varies depending on multiple factors affecting drug clear-

ance. Complicating this is the issue of medication tolerability 

and the adverse side effects that patients with epilepsy and 

DRE experience, placing further limitations on management.7 

Finally, despite many advocating for early referrals to epi-

lepsy surgery centers, a significant delay exists.8

With these difficulties in mind, it is clear that patients 

with DRE represent a diverse group with a dichotomy of 

management challenges that should address the pharmaco-

logical, psychological, and social issues that are part of this 

condition.

Challenges
The exact incidence and prevalence of DRE are uncertain, 

due to the varied definitions, as well as misdiagnosis. Despite 

adequate treatment and adherence, and the emergence of 

newer AEDs, over 30% of patients with epilepsy will con-

tinue to have seizures.9,10 This number is expected to rise 

with the aging population,11 although generally, seizures in 

those with new-onset epilepsy in the elderly tend to be more 

easily controlled.12 Conversely, there are patients meeting 

the criteria for DRE who do proceed to achieve prolonged 

($12 months) periods of seizure remission. However, the risk 

of seizure relapse in these individuals is high, with a .70% 

noted in one series.13 The challenge lies in managing these 

often complicated patients, with adverse drug effects limiting 

the use of some AEDs, and the wider need to address the 

burden of epilepsy-related disabilities.

Predictors
Identifying those individuals who are most at risk of seizure 

relapse and development of DRE remains a challenge. 

A number of prospective studies have attempted to identify 

factors that may predict DRE development. These have varied 

in their sampling and whether they included children, adults, 

or both. Regardless of the groups studied, it is accepted that 

the basis for this “refractoriness” is likely to be multifacto-

rial. To date, features identified include those relating to the 

“intrinsic” factors of the underlying epilepsy (eg, type of 

epileptic syndrome, presence of structural abnormality), an 

individual’s response to his/her first AED, and a high number 

of seizures prior to diagnosis and treatment.

“intrinsic” factors
In general, evaluation of the patient should take into account 

any idiopathic syndromes as well as causative neuropathology.4 

For example, certain pediatric epilepsy syndromes, includ-

ing Lennox–Gastaut syndrome, Rasmussen encephalitis, 

and early infantile epileptic encephalopathy among others, 

are almost invariably drug refractory. Similarly, underlying 

structural abnormalities in non-idiopathic localization-related 

epilepsies, which account for .50% of adult cases of DRE, 

must be considered.14 A common observation is that epi-

lepsy from an underlying vascular lesion is more treatment 

responsive than that due to mesial temporal sclerosis (MTS), 

cortical dysplasia, or dual pathology.15,16 In fact, it has been 

observed that up to 80% of individuals with MTS develop 

DRE15 and these individuals are unlikely to benefit from 

ongoing medication trials alone.

AeD response
The response an individual has to his/her first AED has been 

shown to be a powerful prognostic indicator of the develop-

ment of DRE.4,17 Kwan and Brodie reviewed 525 patients 

with newly diagnosed epilepsy of all types.9 While more 

than half of the patients responded to the first AED 
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prescribed, ,20% responded to subsequent drug trials. Of 

the patients with a suboptimal response to their first AED, 

41%–55% became seizure free if treatment failure was due 

to poor drug tolerability or idiosyncratic reactions, compared 

with only 11% of patients who failed their first AED due to 

the drug being ineffective. This demonstrates that the like-

lihood of successful treatment with other drugs diminishes 

with each AED failure, suggesting that treatment resistance 

can be predicted early on.

Other factors predicting response
Another consistently identified risk factor for DRE is having 

a high number of seizures prior to diagnosis and treatment.9 

More variably associated negative predictors for seizure 

remission include a presentation with status epilepticus, a 

family history of epilepsy, a history of febrile convulsions, 

and an abnormal electroencephalogram (EEG). It has also 

been suggested that age at presentation may be a factor in 

DRE development. In at least one series, onset of seizures 

in the neonatal time period has been associated with DRE.18 

Similarly, those who develop epilepsy later in life (.65 years) 

appear less likely to develop DRE, possibly relating to the 

underlying pathogenesis that also varies with age.19

Predicting those patients unlikely to respond to medical 

treatment allows attention to be focused on other interven-

tions such as epilepsy surgery. Early identification of these 

individuals is favorable, but not always possible, with cases 

of DRE emerging after years of excellent seizure control. The 

next challenge is to determine whether medical intractability 

is a feature of epilepsy at the time of presentation, or whether 

it evolves over time.

Pathogenesis
Management of patients with DRE is challenging because 

the mechanism underlying it is not completely understood 

nor do we understand why pharmacoresistance develops in 

some individuals and not others. The pathogenesis underly-

ing DRE is likely to be multifactorial and variable with both 

genetic and environmental factors implicated4,20 and several 

theories for how DRE develops.

The “transporter hypothesis” is based on findings of 

overexpression of multidrug efflux genes and concomi-

tant proteins in human epileptic brain tissue and in animal 

models of DRE.21,22 The ATP-dependent transport protein, 

P-glycoprotein (P-gp), is one of these proteins found to be 

overexpressed in the blood–brain barrier. Normally, P-gp 

exports drugs out of cells, helping to protect normal and 

tumor cells against the influx of xenobiotics.23 While few 

epilepsy drugs have been shown to be transported by P-gp, 

several AEDs have similar chemical structures to P-gp sub-

strates. It is proposed that increased expression and activity 

of P-gp as an efflux pump limits AED access to the seizure 

focus, thus conferring the multidrug resistance phenotype. 

Other efflux transporters in the brain have been implicated 

in DRE pathogenesis but are less well characterized24 and 

differ from P-gp in their substrate specificity, distribution, 

and structure.25,26 Studies to detect their presence in the 

blood–brain barrier have yielded conflicting results, and the 

extent that these transporters contribute to drug resistance 

is still relatively unknown. Similarly, whether the over-

expression of these efflux transporters is constitutive due 

to gene polymorphisms, or acquired as a consequence of 

uncontrolled seizures or chronic AED treatment, remains 

unresolved. Current preliminary evidence suggests that both 

could be occurring.26

In contrast, the alternative “target hypothesis” suggests an 

epilepsy-induced alteration of cellular targets of AEDs, lead-

ing to a reduction in sensitivity. These targets include various 

receptors and ion channels, but this hypothesis is principally 

based on studies with carbamazepine (CBZ) on voltage-gated 

sodium channels in hippocampal neurons.27 Sodium chan-

nels of hippocampal CA1 neurons from patients with MTS 

were studied and compared with neocortical neurons from 

patients without MTS. The mechanism of action of CBZ, 

use-dependent block of voltage-dependent sodium channels, 

was completely lost in these DRE patients. Similarly, a loss 

of drug-target sensitivity has also been found in rat models 

of temporal lobe epilepsy.28 What remains to be determined 

is whether the loss of sodium channel sensitivity with CBZ 

in patients with DRE extends to other AEDs. Subsequent 

studies attempting to address this found that other AEDs with 

a similar mechanism of action, such as valproate (VPA) and 

lamotrigine (LTG), did not display a loss or marked reduc-

tion in sodium channel sensitivity.29 Other targets, such as 

GABA
A
 receptors and their alterations in epilepsy, provide 

some further support for this hypothesis but are in no way 

conclusive.30,31

Other hypotheses have emerged more recently, born 

from findings in patients and animal models of DRE. The 

“network hypothesis” proposes that seizure-induced structural 

brain alterations such as axonal sprouting, synaptic reorgani-

zation, neurogenesis, and gliosis can contribute to the forma-

tion of an abnormal neural network. This network avoids the 

inhibitory effect of an endogenous antiepileptic system and 

prevents AEDs from entering their targets, eventually leading 

to DRE. This is supported by the clinical finding of surgical 
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resection of an altered network counteracting AED resistance 

and leading to seizure reduction.32 The “gene variant hypoth-

esis” suggests that there is an inherent resistance that is gov-

erned by genetic variants of proteins that are involved in the 

pharmacokinetics and pharmacodynamics of AED activity. 

Finally, the “intrinsic severity hypothesis” suggests that an 

increased disease severity leads to drug intractability.33

What is more realistic is to consider that DRE is not 

caused by a single mechanism but is instead due to several 

mechanisms, which may even occur in the same patient.34 

As has occurred in oncology, studying the basis of DRE is 

important to predict poor response to AED treatment and 

hopefully offer new treatment approaches.

Complications
The complications of DRE and its management are well 

described.35 There is an increased risk of injuries and pre-

mature mortality in those aged ,50 years, with varying 

estimates provided across countries. This can be due to the 

underlying cause of epilepsy (eg, cerebral neoplasm, neuro-

degenerative disease), directly seizure related (ie, seizure-

related accidents and status epilepticus) or due to sudden 

unexpected death (SUDEP).36

Of note, SUDEP is 40 times more likely in patients with 

ongoing seizures than in those who are seizure free,37 and 

is the most common cause of premature death among indi-

viduals with epilepsy.38 While the precise cause of SUDEP 

is unknown, consistent risk factors include poor seizure 

control, frequent generalized tonic–clonic seizures, and 

long-standing epilepsy.39

Substantial work has implicated overlapping cardiac, 

respiratory, and autonomic domains as a mechanism. It has 

been postulated that SUDEP starts with an early, centrally 

mediated, severe alteration of both respiratory and cardiac 

functions after generalized tonic–clonic seizures.40 No caus-

ative genes for SUDEP have been identified, but there 

are a variety that have been associated with an increased 

risk, including those for long QT syndrome and Dravet 

syndrome.40 There has also been recent animal experiments 

suggesting a possible brainstem mechanism involving 

serotonin and adenosine, with abnormalities of sympathetic 

innervation.41

Deaths such as SUDEP are usually nocturnal, and there-

fore unwitnessed. Given this and the lack of biomarkers 

for SUDEP, every attempt to prevent seizures is the only 

intervention to date.

In addition to AED optimization and educating the patient 

on avoiding seizure-provoking triggers, there may also be 

a role for seizure detection devices in this group, although 

these are imperfect and present an additional challenge of 

affordability. Devices must have a low false-positive rate 

to be considered; for example, false-positive alarms that 

wake the patient during sleep may contribute to a converse 

aggravation of seizures. Potential therapeutic strategies may 

include pharmacological modulation of respiratory arrest and 

implantation of cardiac devices to reduce risk, with further 

research into these initiatives required.

Comorbidities
Identification and management of comorbidities in epilepsy 

patients is essential, given approximately two-thirds of pre-

mature deaths are attributed to comorbid disease.42 Diseases 

such as depression, anxiety, dementia, migraine, cardiovas-

cular disorders, asthma, osteoarthritis, and gastroesophageal 

reflux disease are more common in people with epilepsy than 

the general population. It is thought that shared risk factors 

for these conditions and bidirectional relations explain some 

of these associations, with others explained by the effects of 

AEDs.43 Additionally, pregnant women with epilepsy have 

increased complications. These include an increased risk of 

spontaneous miscarriage, antepartum or postpartum hemor-

rhage, hypertension, induction of labor, cesarean section, 

preterm birth, and fetal growth restriction.44

Neuropsychiatric comorbidities deserve particular atten-

tion, as they appear more frequently in patients with epilepsy 

than in the general population. In children with epilepsy, 

the most prevalent comorbidities include attention-deficit 

hyperactivity disorder, mood and anxiety disorders, autism 

spectrum disorders, and behavioral problems.45 Conditions 

such as depression and affective and anxiety disorders are 

most common in adults, yet they are highly underdiagnosed 

and undertreated.46 Stress is consistently cited as a factor that 

triggers or exacerbates seizures. Moreover, depression and 

suicide prevalence is four to five times higher among patients 

with epilepsy when compared with healthy population,47 with 

the period after the initial diagnosis the most dangerous. 

Finally, given that epilepsy is common in people with intel-

lectual disability, and both conditions are associated with 

psychiatric and behavioral comorbidities, this group has 

particularly complex care needs. It is worth noting that in 

patients with epilepsy and intellectual disability, the rates of 

neuropsychiatric disorders are even higher with more severe 

types of epilepsy, such as DRE.48

The overall relationship between psychiatric disorders 

and seizures remains poorly understood. There is some 

evidence that the relationship is bidirectional; that is, the 
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diagnosis of epilepsy acts as a risk factor for depression, and 

depression acts as a risk factor for the onset of epilepsy.43 

Chronic stress exposure with epilepsy has also been postu-

lated to have a role in depression development, with feelings 

of isolation, low self-esteem, and sadness often cited by 

patients with epilepsy. Other risk factors to consider include 

a family history of psychiatric illness and iatrogenic causes, 

such as pharmacological or surgical.

Outcomes
Overall, poorer health outcomes are consistently noted in 

DRE patients,49 and preliminary evidence suggests that 

comorbid conditions such as depression and migraine nega-

tively affect seizure outcome and quality of life.43 Epilepsy 

affects patients’ independence, psychological health, and 

emotional adjustment. Psychosocially, even infrequent 

seizures are associated with lower rates of marriage, poorer 

academic achievement, dependent behavior, and restricted 

lifestyle and employment opportunities. Almost all DRE 

patients cannot drive.

Additionally, there is associated cognitive decline in 

patients due to a combination of high seizure frequency, 

prolonged seizures, and episodes of status epilepticus.46 This 

neuropsychological dysfunction may not be reversible, even 

if the seizures become controlled. Childhood-onset epilepsy 

patients who enter remission have been shown to suffer social 

and educational disadvantages into adulthood. Similarly, 

surgical outcome studies have noted that even after success-

ful procedures where DRE is eliminated, these patients do 

not gain employment, or marry or have children, and remain 

dependent on family and the welfare system.50

A change in the public’s awareness and attitudes about 

epilepsy may significantly affect the burden of the disease 

by reducing associated stigma.51 Stigma has been known to 

predominate particularly in developing countries, and forces 

people with epilepsy to conceal their disease. However, even 

in developed countries, knowledge surrounding epilepsy is 

lacking, which was evidenced by a nation-wide phone survey 

conducted in Italy in 2010.52 Of those surveyed, 56.6% knew 

a person with epilepsy, although less were familiar with the 

cause; 56.1% thought that epilepsy was a psychological/

psychiatric disease, 36.5% a form of insanity, and 4.1% an evil 

spirit possession. Suggestions for improvement in the condi-

tion ranged from enrollment in the military to procreation.

economic considerations
Epilepsy carries high health care costs for society due to the 

fact that it is a common clinical condition, affecting all ages 

and often requires long-term treatment. Costs peak in the 

first year after diagnosis and then vary depending on disease 

severity, response to treatment, and presence of comorbidi-

ties, with just one comorbidity tripling cost.51 The highest 

costs are incurred by surgical candidates initially, who are 

then superseded by patients with DRE. This is due to more 

frequent hospital admissions, assessments, medications, and 

other treatments, such as surgery or electronic devices.

Additionally, direct “out-of-pocket” costs to the patients 

can be significant and are higher in certain countries due to 

differences in health care infrastructure. Productivity losses 

for both patients and carers in more severe forms create a 

substantial economic burden on households. This is further 

exacerbated by the fact that patients with epilepsy often have 

a lower income than the general population. There are also 

higher rates of unemployment in nonsurgically treated DRE 

patients compared to surgically treated patients.

Noncompliance with treatment
Management is often complicated by drug tolerability and 

noncompliance, which can be in association with drug and 

alcohol abuse. AED intolerance can emerge due to the rapid 

rate of drug titration or drug–drug interactions, or be specific 

to the drug side effect profile. Manifestations can be mild 

to life-threatening, but when side effects occur, they most 

often lead to noncompliance and/or premature cessation 

of the AED. Prevention of drug toxicity with reduction in 

seizures is an established driver of better quality of life than 

seizure reduction alone,34 and addressing this issue early and 

continuously is recommended.

Other reasons for noncompliance vary, with patients 

citing lack of money to buy AEDs, failure to acknowledge 

the disease, poor response to treatment, and belief that the 

treatment is of no use. In a large, multinational survey in 

2014, Groenewegen et al noted that better informed patients 

adhered better to their therapy than those who were less 

well informed.53 Poor follow-up and patient forgetfulness 

were also identified as contributors. These findings are 

promising as there are multiple practical interventions in 

the physician–patient relationship that can address some of 

these issues, including improvement in communication and 

more frequent reviews.

Solutions
Failure of drug response remains a major limitation in the 

treatment of epilepsy. Of those diagnosed with DRE, only 

5% of patients per year will enter seizure remission as a result 

of medication changes.13
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The ideal solution involves a massive expansion of 

specialist services and a better understanding of what genetic 

and environmental determinants underlie DRE. In under-

standing the development of DRE, identifying subgroups, and 

targeting drug therapies to meet the specific needs of these 

groups, there is hope that remission rates will improve.

Realistically, with the current state of play, good treatment 

outcomes are still possible. These depend on the physician’s 

ability to correctly diagnose the epilepsy subtype and choose 

an effective treatment regimen. Human factors including the 

wrong diagnosis, drug, or dose cannot be overstated. Early 

referral to specialist epilepsy centers for a comprehensive 

evaluation in some patients is paramount. If surgery is not 

indicated after evaluation, other approaches such as electrical 

stimulation and diet can be considered.

evaluation
It is important to accurately differentiate between true and 

apparent DRE, with the erroneous diagnosis of epilepsy 

needing to be at least considered in patients not respond-

ing to AEDs. Treatment failure can occur independent 

of intractability, and these circumstances are important 

to consider to ensure that an appropriate therapy is used. 

Noncompliance with AEDs, inadequate dosing of AEDs, 

and lifestyle factors that increase seizure frequency, such as 

drug and alcohol abuse, and sleep deprivation, all contribute 

to increased seizure frequency but should not contribute to 

the definition of DRE.

Diagnostic uncertainty and failure to correctly classify 

patients can contribute to “pseudorefractoriness”, leading to 

an incorrect diagnosis of DRE. Lack of access to specialist 

services is partly responsible for this, with one UK study 

noting that ~55% of adult patients receiving treatment for 

epilepsy had never received specialist advice.54 An incor-

rect diagnosis of a particular epilepsy syndrome can cause 

apparent refractoriness when an inappropriate drug choice 

is used. For example, generalized genetic syndromes can go 

unrecognized and be incorrectly treated with AEDs more 

suited to treating focal epilepsy. An example of this is when 

CBZ is used for juvenile myoclonic epilepsy. Accounting 

for 6%–8% of all epilepsies, juvenile myoclonic epilepsy 

patients present to pediatric and adult neurologists, and other 

health practitioners, with typical myoclonic jerks often mis-

interpreted as focal motor seizures, prompting treatment with 

CBZ. Smith et al retrospectively assessed the case records of 

94 DRE patients, identifying six with unrecognized genetic 

generalized epilepsy. They all became seizure free with the 

introduction of VPA.56

Various studies have noted that the epilepsy misdi-

agnosis rate is 20%–26%, and is often due to incomplete 

history taking and misinterpretation of the EEG.55 Common 

conditions mistaken for seizures include syncope, cardiac 

arrythmias, migraine, and transient ischemic attacks. Another 

condition that is important to recognize is PNESs, with delays 

to diagnosis up to 16 years in one series.56 Identification of 

these individuals is important to avoid iatrogenic harm and 

to identify and manage the underlying psychological stressor. 

Diagnosis and management of PNES patients can be difficult 

due to the fact that some patients with psychogenic seizures 

may also have epilepsy.

A false-positive diagnosis of DRE can have severe psy-

chological and socioeconomic consequences for the patient, 

with unnecessary driving restrictions and employment dif-

ficulties encountered. Additionally, there are implications for 

the community in regard to distribution of health resources 

and welfare.

Evaluation of patients in a specialist center should revisit 

the history in detail and include a video-EEG to characterize 

and clarify the epilepsy type. Once the diagnosis of epilepsy 

is established, imaging studies must be scrutinized in order 

to determine whether an epileptogenic focus exists, in order 

to facilitate a possible surgical work-up. For a magnetic 

resonance imaging (MRI) of brain to be considered normal, 

the study must be acquired with a dedicated epilepsy pro-

tocol and interpreted by an experienced neuroradiologist. 

If no focus is found on MRI, other ancillary tests include 

positron emission tomography, ictal single-photon emission 

computed tomography, and magnetoencephalography. Func-

tional studies such as functional MRI can be used to study 

eloquent regions of the brain. If localization is not clear, or 

the relationship of eloquent cortex to epileptic cortex needs to 

be more precisely defined, invasive testing can be considered. 

Options in this circumstance include subdural electrodes, 

depth electrodes, or a combination of both. Psychiatric 

evaluation and neuropsychologic testing is usually always 

warranted in the presurgical evaluation of the patient.57 The 

importance of psychiatric evaluation and ongoing manage-

ment postoperatively cannot be emphasized enough with 

many patients remaining psychiatrically unwell. One study 

has reported ongoing use of psychotropic medication in up 

to 22% of patients at 24 months postsurgery.58

Treatment
Treatment with AEDs is standard care for patients with 

DRE, but successful outcomes with this approach alone are 

disappointingly small.59 Uncertainty about how much the 

www.dovepress.com
www.dovepress.com
www.dovepress.com


Neuropsychiatric Disease and Treatment 2016:12 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2611

Managing drug-resistant epilepsy

apparent efficacy of AED treatment can be directly attrib-

uted to the AED and how much is attributed to a placebo 

effect remains an important issue. Epilepsy surgery should 

be considered for lesional partial epilepsy, as this has the 

greatest chance of producing remission. Other treatment 

modalities include electrical nerve stimulation and diet 

therapies, but these are more likely to be palliative, rather 

than curative, treatment options. Recently receiving great 

attention is the possibility of cannabis being useful in DRE 

management, with its exact role and success as a viable 

treatment option yet to be determined. Finally, treatment 

should not be restricted to only the achievement of seizure 

freedom, and must include the management of medical, 

neurological, psychiatric, and cognitive comorbidities. The 

following is a formulation of practice recommendations for 

patients with DRE.

AeD treatment
Basic principles of epilepsy management and drug choices 

must firstly be applied. For example, medications such as 

CBZ, gabapentin, and oxcarbazepine would not be used for 

primary generalized epilepsy as they have poor efficacy. 

Similarly, certain AEDs have been identified to worsen 

underlying seizure control, such as LTG and gabapentin 

worsening myoclonus. Other considerations when choosing 

an AED include sex, fertility, age, body weight, interaction 

with other medications, and concomitant diseases. Often 

overlooked, the expense, availability, and ease of use of 

AEDs are equally as important when addressing lifestyle 

factors in the individual. Past treatment trials should also be 

revisited, with the dose and frequency of dosing evaluated 

to ensure that true treatment failure has occurred.

When considering an AED to be added, it should be 

noted that the likelihood of seizure freedom does not differ 

substantially between established and new-generation AEDs.9 

It may be beneficial to choose an AED with a mechanism of 

action that differs from a previously non-efficacious AED. 

Some evidence exists to support use of combination therapy 

with two or more anticonvulsants with different mechanisms 

of action acting in a synergistic manner but also reducing side 

effects. For example, combining VPA and LTG in partial and 

generalized epilepsy is an example of rational polytherapy 

that may be beneficial.60 Other examples include combining 

VPA with ethosuxamide for childhood absence epilepsy,61 

and LTG with topiramate for a range of seizure types.62

If a patient has already failed two or more AED regimens, 

any sequential drug trial only has a small likelihood 

of inducing remission, with only 4%–6% per year.63 

Similarly, long-term follow-up studies have found that the 

small benefit of seizure remission in this group is not sus-

tained in $25%.64 However, even in the absence of complete 

seizure remission, a reduction in seizure severity may still 

be useful to the patient in improving quality of life,65 and is 

worth considering. Overall, lack of success with a second 

AED should prompt the physician to either reevaluate the 

diagnosis or refer the patient to a tertiary epilepsy clinic for 

exploration of management alternatives such as surgery.

Surgical treatment
Upon a diagnosis of DRE, epilepsy surgery should be con-

sidered, as in some cases, delaying surgery may actually 

worsen the chances of postoperative seizure freedom.66 

The greatest rate of success from surgery has been shown 

in patients with MRI lesions that are concordant to the 

epilepsy. These patients are more likely to be seizure free 

following epilepsy surgery, than those undergoing surgery 

with a normal MRI.67 However, a normal MRI should not 

preclude surgical evaluation as favorable outcomes in this 

group are still possible.68

Lesions that are commonly resected in focal epilepsy 

include but are not limited to hippocampal sclerosis and 

focal cortical dysplasia. The most common form of resective 

surgery in epilepsy is the anterior temporal lobe resection in 

mesial temporal lobe epilepsy, and this has been shown to 

be superior to medical therapy. Outcome data at 1 year have 

demonstrated that 58% of patients who underwent surgery 

were free of seizures impairing awareness, compared with 

only 8% in the medical arm.69 This finding has been replicated 

in other trials. In the Early Randomised Surgical Epilepsy 

Trial (ERSET) study, 73% of patients who underwent epi-

lepsy surgery (N=15) within 2 years of developing DRE were 

seizure free, compared to 0% in the medical arm (N=23) after 

2 years of follow-up.70

Other surgical options include lesionectomy and multiple 

subpial transections, used when resection of the epileptic 

focus is not possible because of its proximity to eloquent 

cortex. Corpus callosotomy is used as a palliative tool and 

involves disconnecting pathways of seizure propagation in 

patients with significant cognitive impairment. Hemispherec-

tomy (functional or anatomical) is reserved for epilepsy 

affecting an entire hemisphere, and is considered only when 

devastating epilepsy and preexisting neurological impair-

ments, such as hemiplegia, visual field, or language defects, 

are present. Complications surrounding surgery can include 

but are not limited to perioperative infarcts, infection, and 

decline in memory.
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Despite well-documented improved outcomes in several 

controlled trials, a 20-year delay still exists for the aver-

age patient with DRE to be referred to an epilepsy surgery 

center.8,71 Once this occurs, the candidate’s suitability for 

epilepsy surgery must be evaluated, and this requires a com-

prehensive, multiparametric, and multimodal approach for 

precise localization of the epileptogenic focus. In addition 

to demonstrating that the epilepsy is well localized based on 

testing, other factors need to be considered. These include 

whether the seizures are disabling, whether the location of 

the epilepsy is away from eloquent regions of the brain, and 

whether there are considerable risks to cognition and memory 

if surgery is performed.

electrical stimulation therapy
There has been a recent resurgence for using brain stimula-

tion for the treatment of epilepsy. This approach should 

be considered when the patient is not a suitable surgical 

candidate.

Vagus nerve stimulation (VNS) has been shown to decrease 

the frequency and intensity of seizures, with 30%–40% of 

patients achieving a .50% reduction in seizure frequency.72 

It should be considered in patients with DRE who are not 

good candidates for surgery or are opposed to it. It can also 

be considered in those who have not substantially improved 

following prior intracranial epilepsy surgery. The procedure 

involves implanting a VNS generator under the skin below 

the clavicle, with a stimulating wire from this attached to 

the vagus nerve. Precisely how VNS produces antiepileptic 

effects is unknown, but one mechanism involves desynchro-

nization of thalamocortical activity that is mediated by the 

thalamic and brainstem nuclei.

Trigeminal nerve stimulation is another form of periph-

eral stimulation that has shown clinical efficacy in focal 

epilepsy.73,74 Initially envisaged as an implantable system, 

with a VNS-like system providing regular stimulation to 

the first division of the trigeminal nerve, it proved as effec-

tive given as a scheduled overnight or evening program.74,75 

Further clinical trials are currently in progress, but this 

noninvasive system may offer similar efficacy as the VNS. 

As with VNS, a range of other effects have been observed, 

including improved mood.76

Another device gaining attention is deep brain stimula-

tion, with open-label and some small controlled studies 

finding a reduction in seizure frequency by $50%.77 Given its 

infancy in epilepsy management, these findings are promis-

ing, but long-term follow-up observations are lacking. More 

recently, a randomized clinical trial involving stimulation 

in the anterior nucleus of the thalamus (SANTE trial) was 

performed in 110 DRE patients, with some long-term data 

supporting safety and efficacy.78 Seizures that were most 

drastically reduced by stimulation were focal dyscogni-

tive and “most severe” seizures. Reported adverse effects 

included depression and memory problems. Complications 

included asymptomatic hemorrhages (5%) and implant-site 

infections (13%). At follow-up, an improvement in quality 

of life and seizure severity measures was noted. The rates 

of suicidality and SUDEP were comparable to the rates in 

the general DRE population. Future studies are necessary 

to identify a patient population for whom this technique 

is indicated. The mechanism behind success of deep brain 

stimulation in diminishing seizures is largely unknown, 

but has been hypothesized to involve stimulation-induced 

disruption of unopposed network activity.79 As there are 

multiple potential targets and neural regions implicated in 

seizure propagation, the most efficacious target and optimal 

stimulation parameters are yet to be decided, with various 

targets currently being investigated.80

An alternative strategy is direct cortical or hippocampal 

stimulation, triggered by seizure activity. An implantable 

system developed by NeuroPace (CA, USA) consists of a 

device implanted in the skull which has sensing electrodes 

placed on cerebral cortex which are triggered by continuously 

monitored seizure activity.81 Seizures are characterized for 

individual patients, and then tailored counterstimulation is 

delivered to the presumed seizure-onset zone. The electrodes 

can be a combination of hippocampal or cortical arrays, pro-

viding great flexibility in addressing potentially multifocal 

epilepsies. Pivotal clinical trials demonstrated convincing 

efficacy in a substantial proportion of individuals in a trial 

of refractory partial epilepsy.82,83 Much is yet to be learned 

about optimal sensing and stimulation parameters, but these 

systems show much promise.

Finally, while not strictly a therapy, there is hope that 

intracranial EEG monitoring can be used in ambulatory 

patients with DRE, leading to more effectively timed therapies 

and better understanding of the natural history of a patient’s 

epilepsy. Cook et al surgically implanted a seizure detection 

device in 15 patients with focal epilepsy, and collected data 

were used to predict periods of high, moderate, and low sei-

zure likelihood in real time.84 The device predicted impending 

epileptic seizures via a light display on the patient’s handheld 

console, allowing patients some autonomy over timely sei-

zure treatment and control over their disease. In addition to 

seizure prediction, it also provided constant EEG recordings, 

proposed to improve customized understanding of seizure 

www.dovepress.com
www.dovepress.com
www.dovepress.com


Neuropsychiatric Disease and Treatment 2016:12 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2613

Managing drug-resistant epilepsy

generation in the individual. The device is not clinically 

available, but the findings from this study outline the great 

potential of its use in the management of epilepsy. As with the 

NeuroPace system, significant new information regarding the 

patterns of seizure activity and the natural history have been 

revealed through these systems, leading to better understand-

ing of the dynamics of the epileptic process.85–87

Diet therapy
The ketogenic diet was proposed as a treatment for seizures 

prior to introduction of modern AEDs.88 The classic form 

of the diet is a high-fat, low-carbohydrate diet that induces 

urinary ketosis and mimics starvation while preserving neces-

sary caloric intake.89 The typical ratio of fat to carbohydrate 

and protein is 3:1 or 4:1. There is demonstrated efficacy in 

children with DRE, with more than one-third experiencing 

a $50% reduction in seizures.

Alternative diets to consider are the modified Atkins 

diet and low-glycemic-index diet.90,91 In comparison to the 

ketogenic diet, the ratio of fat to carbohydrate and protein 

is closer to 1:1. Additionally, calories and fluid are not 

restricted. These have less gastrointestinal side effects due to 

using medium-chain triglycerides and long-chain fatty acids, 

but these versions do not achieve urinary ketosis to the same 

degree as the ketogenic diet. Nonetheless, in small case series 

of adult patients, the traditional ketogenic diet and a modified 

Atkins diet reduced seizure frequency by $50% in half of 

patients with DRE.92 While these findings are encouraging, 

long-term outcome data report high dropout rates, with only 

10% of patients remaining on the diet at 3–6 years.93

Cannabis
Recently, there has been intense interest regarding the poten-

tial of medical cannabis to treat seizures, due to mounting 

anecdotal reports and media coverage of its success. Addi-

tionally, in vivo preclinical studies suggest that cannabidiol 

(CBD), a non-psychoactive component of cannabis, has 

significant anticonvulsant effects, mainly in acute animal 

models of seizures.94 Encouragingly, these studies have 

shown CBD to be similarly effective to the AEDs currently 

in clinical DRE use.95

To date, there are restricted data assessing chronic mod-

els of epilepsy as well as animal models of epileptogenesis. 

Some clinical evidence indicates that CBD is able to manage 

epilepsy in adults and children affected by refractory seizures, 

with a favorable side effect profile. Tzadok et al treated 74 

pediatric patients, who were resistant to more than seven 

AEDs, with medical cannabis oil. The results were highly 

promising, with 89% of patients reporting a reduction in 

seizure frequency.96 Conversely, seizure exacerbation after 

cannabis use has also been observed, and in this same study, 

7% of patients reported this, leading to CBD withdrawal.

Further prospective randomized clinical trials are needed 

to prove or disprove the efficacy of CBD and to assess 

the long-term effects, particularly the neuropsychological 

effects in the developing brain. Systematic analyses in 2014 

by the American Academy of Neurology and Cochrane 

Database both concluded that medical cannabis is of 

“unknown efficacy” to treat epilepsy,97,98 with insufficient 

data to recommend its routine use. Nonetheless, CBD studies 

are underway, and this area of research remains exciting from 

a therapeutic point of view, as well as potentially increasing 

our mechanistic understanding of seizures.

Conclusion
DRE patients require a great deal of time and effort from treat-

ing physicians and also represent a huge economic burden. 

Coupled with significant psychosocial comorbidities and ongo-

ing disability accumulated by ongoing seizures, management 

of DRE requires a multidisciplinary and often multitreatment 

approach with timely referral to specialist epilepsy centers for 

prompt evaluation. Along with these complex management 

challenges, unraveling the exact pathogenesis behind this dis-

order remains crucial to our understanding of DRE. The hope 

is that targeted treatment approaches will one day be available 

to help epilepsy patients who are diagnosed with DRE.

Disclosure
Mark J Cook has received speakers honoraria from Eisai, 

SciGen, and UCB. Linda Dalic reports no conflicts of inter-

est in this work.

References
1. Wallace H, Shorvon S, Tallis R. Age-specific incidence and preva-

lence rates of treated epilepsy in an unselected population of 2052922 
and age-specific fertility rates of women with epilepsy. Lancet. 1998; 
352(9145):1970–1973.

2. Sander JW, Shorvon SD. Epidemiology of the epilepsies. J Neurol 
Neurosurg Psychiatry. 1996;61(5):433–443.

3. Kwan P, Arzimanoglou A, Berg AT, et al. Definition of drug resistant 
epilepsy: consensus proposal by the ad hoc Task Force of the ILAE Com-
mission on Therapeutic Strategies. Epilepsia. 2010;51(6):1069–1077.

4. Kwan P, Brodie MJ. Refractory epilepsy: a progressive, intractable but 
preventable condition? Seizure. 2002;11(2):77–84.

5. Berg AT, Kelly M. Defining intractability: comparisons among published 
definitions. Epilepsia. 2006;47(2):431–436.

6. Kwan P, Schachter SC, Brodie MJ. Drug-resistant epilepsy. N Engl J 
Med. 2011;365(10):919–926.

7. Canevini MP, De Sarro G, Galimberti CA, et al. Relationship between 
adverse effects of antiepileptic drugs, number of coprescribed drugs, and 
drug load in a large cohort of consecutive patients with drug-refractory 
epilepsy. Epilepsia. 2010;51(5):797–804.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Neuropsychiatric Disease and Treatment 2016:12submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2614

Dalic and Cook

 8. Ryvlin P, Cross JH, Rheims S. Epilepsy surgery in children and adults. 
Lancet Neurol. 2014;13(11):1114–1126.

 9. Kwan P, Brodie MJ. Early identification of refractory epilepsy. N Engl 
J Med. 2000;342(5):314–319.

 10. Picot MC, Baldy-Moulinier M, Daures JP, Dujols P, Crespel A. The 
prevalence of epilepsy and pharmacoresistant epilepsy in adults: 
a population-based study in a Western European country. Epilepsia. 
2008;49(7):1230–1238.

 11. Brodie JM. Epilepsy in elderly people. Lancet. 2000;355(9213): 
1441–1446.

 12. Tanaka N, Akamatsu T, Shouzaki T, et al. Clinical characteristics 
and treatment responses in new-onset epilepsy in the elderly. Seizure. 
2013;22(9):772–775.

 13. Callaghan B, Schlesinger M, Rodemer W, et al. Remission and relapse in 
a drug-resistant epilepsy population followed prospectively. Epilepsia. 
2011;52(3):619–626.

 14. Berg AT, Shinnar S, Levy SR, Testa FM, Smith-Rapaport S, 
Beckerman B. Early development of intractable epilepsy in children: 
a prospective study. Neurology. 2001;56(11):1445–1452.

 15. Semah F, Picot MC, Adam C, et al. Is the underlying cause of epilepsy 
a major prognostic factor for recurrence? Neurology. 1998;51(5): 
1256–1262.

 16. Bonnett L, Smith CT, Smith D, Williamson P, Chadwick D, Marson 
AG. Prognostic factors for time to treatment failure and time to 12 
months of remission for patients with focal epilepsy: post-hoc, subgroup 
analyses of data from the SANAD trial. Lancet Neurol. 2012;11(4): 
331–340.

 17. Dlugos D, Sammel M, Strom B, Farrar JT. Response to first drug trial 
predicts outcome in childhood temporal lobe epilepsy. Neurology. 2001; 
57(12):2259–2264.

 18. Camfield C, Camfield P, Gordon K, Smith B, Dooley J. Outcome of 
childhood epilepsy: a population-based study with a simple predictive 
scoring system for those treated with medication. J Pediatr. 1993;122(6): 
861–868.

 19. Stephen LJ, Kelly K, Mohanraj R, Brodie MJ. Pharmacological out-
comes in older people with newly diagnosed epilepsy. Epilepsy Behav. 
2006;8(2):434–437.

 20. Regesta G, Tanganelli P. Clinical aspects and biological bases of drug-
resistant epilepsies. Epilepsy Res. 1999;34(2–3):109–122.

 21. Sisodiya SM, Lin WR, Harding BN, Squier MV, Thom M. Drug resis-
tance in epilepsy: expression of drug resistance proteins in common 
causes of refractory epilepsy. Brain. 2002;125(Pt 1):22–31.

 22. Robey RW, Lazarowski A, Bates SE. P-glycoprotein – a clinical target in 
drug-refractory epilepsy? Mol Pharmacol. 2008;73(5):1343–1346.

 23. Schinkel AH. The physiological function of drug-transporting 
P-glycoproteins. Semin Cancer Biol. 1997;8(3):161–170.

 24. Taylor EM. The impact of efflux transporters in the brain on the devel-
opment of drugs for CNS disorders. Clin Pharmacokinet. 2002;41(2): 
81–92.

 25. Gao B, Hagenbuch B, Kullak-Ublick GA, Benke D, Aguzzi A, 
Meier PJ. Organic anion-transporting polypeptides mediate transport 
of opioid peptides across the blood-brain barrier. J Pharmacol Exp 
Ther. 2000;294(1):73–79.

 26. Kwan P, Brodie MJ. Potential role of drug transporters in the patho-
genesis of medically intractable epilepsy. Epilepsia. 2005;46(2): 
224–235.

 27. Remy S, Gabriel S, Urban BW, et al. A novel mechanism underlying 
drug resistance in chronic epilepsy. Ann Neurol. 2003;53(4):469–479.

 28. Vreugdenhil M, Wadman WJ. Modulation of sodium currents in rat 
CA1 neurons by carbamazepine and valproate after kindling epilepto-
genesis. Epilepsia. 1999;40(11):1512–1522.

 29. Remy S, Urban BW, Elger CE, Beck H. Anticonvsulant pharmacology 
of voltage-gated Na+ channels in hippocampal neurons of control and 
chronically epileptic rats. Eur J Neurosci. 2003;17(12):2648–2658.

 30. Brooks-Kayal AR, Shumate MD, Jin H, Rikhter TY, Coulter DA. 
Selective changes in single cell GABA

A
 receptor subunit expression and 

function in temporal lobe epilepsy. Nat Med. 1998;4(10):1166–1172.

 31. Coulter D. Mossy fibre zinc and temporal lobe epilepsy: pathological 
association with altered “epileptic” gamma-aminobutyric acid A recep-
tors in dentate granule cells. Epilepsia. 2000;41 Suppl 6:S96–S99.

 32. Archer JS, Warren AE, Stagnitti MR, Masterton RA, Abbott DF, 
Jackson GD. Lennox-Gastaut syndrome and phenotype: secondary 
network epilepsies. Epilepsia. 2014;55(8):1245–1254.

 33. Loscher W, Klitgaard H, Twyman RE, Schmidt D. New avenues for 
anti-epileptic drug discovery and development. Nat Rev Drug Discov. 
2013;12(10):757–776.

 34. Schmidt D, Loscher W. Drug resistance in epilepsy: putative neurobio-
logic and clinical mechanisms. Epilepsia. 2005;46(6):858–877.

 35. Bautista RE, Glen ET. Seizure severity is associated with quality of 
life independent of seizure frequency. Epilepsy Behav. 2009;16(2): 
325–329.

 36. Mohanraj R, Norrie J, Stephen LJ, Kelly K, Hitiris N, Brodie MJ. Mortality 
in adults with newly diagnosed and chronic epilepsy: a retrospective 
comparative study. Lancet Neurol. 2006;5(6):481–487.

 37. Tomson T. Mortality in epilepsy. J Neurol. 2000;247(1):15–21.
 38. Lhatoo S, Noebels J, Whittemore V; NINDS Center for SUDEP 

Research. Sudden unexpected death in epilepsy: identifying risk and 
preventing mortality. Epilepsia. 2015;56(11):1700–1706.

 39. Surges R, Thijs RD, Tan HL, Sander JW. Sudden unexpected death in 
epilepsy: risk factors and potential pathomechanisms. Nat Rev Neurol. 
2009;5(9):492–504.

 40. Massey CA, Sowers LP, Dlouhy BJ, Richerson GB. SUDEP mechanisms: 
the pathway to prevention. Nat Rev Neurol. 2014;10(5):271–282.

 41. Uteshev VV, Tupal S, Mhaskar Y, Faingold CL. Abnormal serotonin 
receptor expression in DBA/2 mice associated with susceptibility to 
sudden death due to respiratory arrest. Epilepsy Res. 2010;88(2–3): 
183–188.

 42. Gaitatzis A, Sander JW. The mortality of epilepsy revisited. Epileptic 
Disord. 2004;6(1):3–13.

 43. Keezer MR, Sisodiya SM, Sander JW. Comorbidities of epilepsy: 
current concepts and future perspectives. Lancet Neurol. 2016;15(1): 
106–115.

 44. Viale L, Allotey J, Cheong-See F, et al. Epilepsy in pregnancy and 
reproductive outcomes: a systematic review and meta-analysis. Lancet. 
2015;386(10006):1845–1852.

 45. Hamiwka L, Jones JE, Salpekar J, Caplan R. Child psychiatry. Epilepsy 
Behav. 2011;22(1):38–46.

 46. de Boer HM, Mula M, Sander JW. The global burden and stigma of 
epilepsy. Epilepsy Behav. 2008;12(4):540–546.

 47. Strine TW, Kobau R, Chapman DP, Thurman DJ, Price P, Balluz LS. 
Psychological distress, comorbidities, and health behaviours among U.S 
adults with seizures: result from the 2002 National Health Interview 
Survey. Epilepsia. 2005;46(7):1133–1139. 

 48. van Ool JS, Snoeijen-Schouwenaars FM, Schelhaas HJ, Tan IY, 
Aldenkamp AP, Hendriksen JG. A systematic review of neuropsy-
chiatric comorbidities in patients with both epilepsy and intellectual 
disability. Epilepsy Behav. 2016;60:130–137.

 49. Johnson EK, Jones JE, Seidenberg M, Hermann BP. The relative impact 
of anxiety, depression and clinical seizure features on health-related 
quality of life in epilepsy. Epilepsia. 2004;45(5):544–550.

 50. Devinsky O. Patients with refractory seizures. N Engl J Med. 1999; 
340(20):1565–1570.

 51. Allers K, Essue BM, Hackett ML, et al. The economic impact of 
epilepsy: a systematic review. BMC Neurol. 2015;15:245.

 52. Mecarelli O, Capovilla G, Romeo G, Rubboli G, Tinuper P, Beghi E. 
Past and present public knowledge and attitudes toward epilepsy in 
Italy. Epilepsy Behav. 2010;18(1–2):110–115.

 53. Groenewegen A, Tofighy A, Ryvlin P, Steinhoff BJ, Dedeken P. Mea-
sures for improving treatment outcomes for patients with epilepsy –  
results from a large multinational patient-physician survey. Epilepsy 
Behav. 2014;34:58–67.

 54. Eliashiv SD, Dewar S, Wainwright I, Engel J Jr, Fried I. Long-term 
follow-up after temporal lobe resection for lesions associated with 
chronic seizures. Neurology. 1997;48(5):1383–1388.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Neuropsychiatric Disease and Treatment 2016:12 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2615

Managing drug-resistant epilepsy

 55. Leach JP, Lauder R, Nicolson A, Smith DF. Epilepsy in the UK: 
misdiagnosis, mistreatment, and undertreatment? The Wrexham area 
epilepsy project. Seizure. 2005;14(7):514–520.

 56. Smith D, Dafalla BA, Chadwick DW. The misdiagnosis of epilepsy 
and the management of refractory epilepsy in a specialist clinic. QJM. 
1999;92(1):15–23.

 57. de Timary P, Fouchet P, Sylin M, et al. Non-epileptic seizures: delayed 
diagnosis in patients presenting with electroencephalographic (EEG) 
or clinical signs of epileptic seizures. Seizure. 2002;11(3):193–197.

 58. Rayner G, Wilson SJ. Psychiatric care in epilepsy surgery: who needs 
it? Epilepsy Curr. 2012;12(2):46–50.

 59. Kanner MA. Does a history of postictal psychosis predict a poor post-
surgical seizure outcome? Epilepsy Curr. 2009;9(4):96–97.

 60. Beyenburg S, Stavem K, Schmidt D. Placebo-corrected efficacy of 
modern antiepileptic drugs for refractory epilepsy: systematic review 
and meta-analysis. Epilepsia. 2010;51(1):7–26.

 61. Pisani F, Oteri G, Russo MF, Di Perri R, Perucca E, Richens A. The 
efficacy of valproate-lamotrigine comedication in refractory complex 
partial seizures; evidence for a pharmacodynamics interaction. 
Epilepsia. 1999;40(8):1141–1146.

 62. Rowan AJ, Meijer JW, de Beer-Pawlikowski N, van der Geest P, 
Meinardi H. Valproate-ethosuxamide combination therapy for refrac-
tory absence seizures. Arch Neurol. 1983;40(13):797–802.

 63. Stephen LJ, Sills GJ, Brodie MJ. Lamotrigine and topiramate may be 
a useful combination. Lancet. 1998;351(9107):958–959.

 64. French JA. Refractory epilepsy: clinical overview. Epilepsia. 2007; 
48 Suppl 1:3–7.

 65. Choi H, Heiman G, Pandis D, et al. Seizure remission and relapse in 
adults with intractable epilepsy: a cohort study. Epilepsia. 2008;49(8): 
1440–1445.

 66. Sancho J, Ivanez V, Molins A, López Gómez V, Masramón X, Pérez M. 
Changes in seizure severity and quality of life in patients with refractory 
partial epilepsy. Epilepsy Behav. 2010;19(3):409.

 67. Simasathien T, Vadera S, Najm I, Gupta A, Bingaman W, Jehi L. 
Improved outcomes with earlier surgery for intractable frontal lobe 
epilepsy. Ann Neurol. 2013;73(5):646–654.

 68. Jobst BC, Cascino GD. Resective epilepsy surgery for drug-resistant 
epilepsy: a review. JAMA. 2015;313(3):285–293.

 69. Capraz IY, Kurt G, Akdemir O, et al. Surgical outcome in patients 
with MRI-negative, PET-positive temporal lobe epilepsy. Seizure. 
2015;29:63–68.

 70. Wiebe S, Blume WT, Girvin JP, Eliasziw M; Effectiveness and Effi-
ciency of Surgery for Temporal Lobe Epilepsy Study Group. A random-
ized, controlled trial of surgery for temporal-lobe epilepsy. N Engl J 
Med. 2001;345(5):311–318.

 71. Engel J Jr, McDermott MP, Wiebe S; Early Randomized Surgical 
Epilepsy Trial (ERSET) Study Group. Early surgical therapy for 
drug-resistant temporal lobe epilepsy: a randomized trial. JAMA. 
2012;307(9):922–930.

 72. Connor DE Jr, Nixon M, Nanda A, Guthikonda B. Vagal nerve stimula-
tion for the treatment of medically refractory epilepsy: a review of the 
current literature. Neurosurg Focus. 2012;32(3):E12.

 73. DeGiorgio CM, Shewmon A, Murray D, Whitehurst T. Pilot study of 
trigeminal nerve stimulation (TNS) for epilepsy: a proof-of-concept 
trial. Epilepsia. 2006;47(7):1213–1215.

 74. DeGeorgio CM, Fanselow EE, Schrader LM, Cook IA. Trigeminal 
nerve stimulation: seminal animal and human studies for epilepsy and 
depression. Neurosurg Clin N Am. 2011;22(4):449–456.

 75. Pop J, Murray D, Markovic D, DeGiorgio CM. Acute and long-term 
safety of external trigeminal nerve stimulation for drug-resistant epi-
lepsy. Epilepsy Behav. 2011;22(3):574–576.

 76. Schrader LM, Cook IA, Miller PR, Maremont ER, DeGiorgio CM. 
Trigeminal nerve stimulation in major depressive disorder: first proof of 
concept in an open pilot trial. Epilepsy Behav. 2011;22(3):475–478.

 77. Sprengers M, Vonck K, Carrette E, Marson AG, Boon P. Deep brain 
and cortical stimulation for epilepsy. Cochrane Database Syst Rev. 
2014;(6):CD008497.

 78. Salanova V, Witt T, Worth R, et al. Long-term efficacy and safety of 
thalamic stimulation for drug-resistant partial epilepsy. Neurology. 
2015;84(10):1017–1025.

 79. McIntyre CC, Savasta M, Kerkerian-Le Goff L, Vitek JL. Uncover-
ing the mechanism(s) of action of deep brain stimulation: activation, 
inhibition, or both. Clin Neurophysiol. 2004;115(6):1239–1248.

 80. Halpern CH, Samadani U, Litt B, Jaggi JL, Baltuch GH. Deep brain 
stimulation for epilepsy. Neurotherapeutics. 2008;5(1):59–67.

 81. Skarpaas TL, Morrell MJ. Intracranial stimulation therapy for epilepsy. 
Neurotherapeutics. 2009;6(2):238–243.

 82. Morrell MJ; RNS System in Epilepsy Study Group. Responsive cortical 
stimulation for the treatment of medically intractable partial epilepsy. 
Neurology. 2011;77(13):1295–1304.

 83. Heck CN, King-Stephens D, Massey AD, et al. Two-year seizure reduc-
tion in adults with medically intractable partial onset epilepsy treated 
with responsive neurostimulation: final results of the RNS System 
Pivotal trial. Epilepsia. 2014;55(3):432–421.

 84. Cook MJ, O’Brien TJ, Berkovic SF, et al. Prediction of seizure likeli-
hood with a long-term, implanted seizure advisory system in patients 
with drug-resistant epilepsy: a first-in-man study. Lancet Neurol. 2013; 
12(6):563–571.

 85. Cook MJ, Karoly PJ, Freestone DR, et al. Human focal seizures are 
characterized by populations of fixed duration and interval. Epilepsia. 
2015;57(3):359–368.

 86. Karoly PJ, Freestone DR, Boston R, et al. Interictal spikes and epi-
leptic seizures: their relationship and underlying rhythmicity. Brain. 
2016;139(Pt 4):1066–1078.

 87. King-Stephens D, Mirro E, Weber PB, et al. Lateralization of mesial 
temporal lobe epilepsy with chronic ambulatory electrocorticography. 
Epilepsia. 2015;56(6):959–967.

 88. Wilder RM. The effects of ketonemia on the course of epilepsy. Mayo 
Clin Proc. 1921;2:307–308.

 89. Kossoff EH, Zupec-Kania BA, Amark PE, et al; International Ketogenic 
Diet Study Group. Optimal clinical management of children receiving 
the ketogenic diet: recommendations of the International Ketogenic 
Diet Study Group. Epilepsia. 2009;50(2):304–317.

 90. Kossoff EH, McGrogan JR, Bluml RM, Pillas DJ, Rubenstein JE, 
Vining EP. A modified Atkins diet is effective for the treatment of 
intractable pediatric epilepsy. Epilepsia. 2006;47(2):421–424.

 91. Pfeifer HH, Thiele EA. Low-glycaemic index treatment: a liberal-
ized ketogenic diet for treatment of intractable epilepsy. Neurology. 
2005;65(11):1810–1812.

 92. Sirven J, Whedon B, Caplan D, et al. The ketogenic diet for intrac-
table epilepsy in adults: preliminary results. Epilepsia. 1999;40(12): 
1721–1726.

 93. Levy RG, Cooper PN, Giri P. Ketogenic diet and other dietary treatments 
for epilepsy. Cochrane Database Syst Rev. 2012;(3):CD001903.

 94. Verrotti A, Castagnino M, Maccarrone M, Fezza F. Plant-derived and 
endogenous cannabindoids in epilepsy. Clin Drug Investig. 2016;36(5): 
331–340.

 95. Leo A, Russo E, Elia M. Cannabidiol and epilepsy: rationale and 
therapeutic potential. Pharmacol Res. 2016;107:85–92.

 96. Tzadok M, Uliel-Siboni S, Linder I, et al. CBD-enriched medical can-
nabis for intractable pediatric epilepsy: the current Israeli experience. 
Seizure. 2016;35:41–44.

 97. Koppel BS, Brust JC, Fife T, et al. Systematic review: efficacy and 
safety of medical marijuana in selected neurologic disorders. Neurol-
ogy. 2014;82(17):1556–1563.

 98. Gloss D, Vickrey B. Cannabinoids for epilepsy. Cochrane Database 
Syst Rev. 2012;(6):CD009270.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Neuropsychiatric Disease and Treatment

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/neuropsychiatric-disease-and-treatment-journal

Neuropsychiatric Disease and Treatment is an international, peer-
reviewed journal of clinical therapeutics and pharmacology focusing  
on concise rapid reporting of clinical or pre-clinical studies on a  
range of neuropsychiatric and neurological disorders. This journal  
is indexed on PubMed Central, the ‘PsycINFO’ database and CAS,  

and is the official journal of The International Neuropsychiatric 
 Association (INA). The manuscript management system is completely 
online and includes a very quick and fair peer-review system, which 
is all easy to use. Visit http://www.dovepress.com/testimonials.php to 
read real quotes from published authors.

Neuropsychiatric Disease and Treatment 2016:12submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

2616

Dalic and Cook

http://www.dovepress.com/neuropsychiatric-disease-and-treatment-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com


Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Dalic, L;Cook, MJ

Title:
Managing drug-resistant epilepsy: challenges and solutions

Date:
2016-01-01

Citation:
Dalic, L. & Cook, M. J. (2016). Managing drug-resistant epilepsy: challenges and
solutions. NEUROPSYCHIATRIC DISEASE AND TREATMENT, 12, pp.2605-2616. https://
doi.org/10.2147/NDT.S84852.

Persistent Link:
http://hdl.handle.net/11343/257051

License:
CC BY-NC

http://hdl.handle.net/11343/257051
CC%20BY-NC

	Publication Info 4: 
	Nimber of times reviewed 2: 


